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Abstract:

Background:

Generic measures of Health Related Quality of Life (HRQoL) are commonly used to assess HRQoL in diabetic populations;
however, it is unclear which generic instrument is best suited for assessing HRQoL in a population of patients with diabetes.
Objective:

To evaluate the differences in estimated HRQoL in a population-based sample of individuals with diabetes and within levels of
diabetes severity across generic measures of HRQoL.

Methods:

Subjects were identified from the National Health Measurement Study (NHMS). Diabetes severity was defined as no diabetes,
diabetes without insulin, and diabetes with use of insulin. Unadjusted and adjusted mean differences between the diabetes severity
groups were estimated for 11 generic HRQoL measures. Unadjusted and adjusted mean differences between diabetes severity groups
were estimated. Effect sizes were calculated to estimate standardized group differences.

Results:

Across all measures, persons on insulin demonstrated lower HRQoL scores compared to those not taking insulin. The HALex was
tha only measure that identified a significant difference in HRQoL scores between persons with diabetes without insulin management
and those taking insulin in adjusted models. The HALex demonstrated the largest effect size for all severity group comparisons.

Conclusion:

Across all HRQoL measures the largest differences were seen between persons with diabetes taking insulin and persons without
diabetes. The HALex was the only measure that when controlling for both demographic characteristics and comorbid conditions
demonstrated a significant difference between diabetes with and without insulin management indicating potential usefulness for
researchers interested in examining differences in cross-sectional samples of persons with diabetes.

Keywords: Diabetes, EQ-5D, Health related quality of life, Health utilities index, Health activities and limitations index, SF-36.

INTRODUCTION

In 2014, 12.3% of the U. S. adult population (about 28.9 million individuals) had diabetes mellitus [1]. Diabetes is
known to be associated with significant morbidity, mortality, and resource utilization. Itis a leading cause of kidney
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failure, blindness, heart disease, stroke, nontraumatic lower limb amputation, and the seventh leading cause of death in
the United States [1].

Diabetes has a significant impact not only on the physical health of patients, but their social and emotional health as
well; as such, Health Related Quality of Life (HRQoL) is a crucial health outcome in diabetes. Generic health measures
are commonly used to assess HRQoL in population studies of persons with diabetes and other chronic illnesses. One of
the main benefits of generic measures over diabetes-specific measures is the ability to compare HRQoL across disease
states. Given the prevalence of diabetes in the US population as well as its influence on the increasing cost of
healthcare, comparisons of HRQoL outcomes across disease states are important for making policy decisions.

Currently, it is unclear which generic instrument is best suited for assessing HRQoL in a population of patients with
diabetes. The EuroQoL 5-Dimension (EQ-5D) and the Medical Outcomes Study Short-Form 36 (SF-36v2) are
commonly used as measures of HRQoL in patients with diabetes and have been found to be valid in these populations
[2 - 12]. The Health Utilities Index Mark 2 and 3 (HUI2 and HUI3) have also demonstrated validity in patients with
type 2 diabetes [13].

Numerous comparisons of validity and discriminative ability have been made between the most widely used generic
measures-the EQ-5D, SF-36, and, to some extent the HUI2 and HUI3. It is well documented that most generic measures
demonstrate lower HRQoL in patients with diabetes compared to those who do not have diabetes across various
measures of HRQoL [3 - 11, 13 - 15]; however, there is mixed evidence about the ability of these generic measures to
discriminate among levels of severity. In general, the SF-36 and its variants (the SF-12 and SF-6D) do not differentiate
well among levels of severity [16 - 18]; though Jacobson and colleagues did find that patients on diet treatment alone
had higher general health perception scores than those on insulin [16]. There is some evidence to indicate that the
SF-12, as traditionally scored, does not discriminate between level of severity of diabetes [17] and Redekop and
colleagues found patients taking insulin had lower HRQoL scores on the EQ-5D compared to patients with diabetes but
not on insulin [19]. Kontodimopoulos and colleagues examined patients with diabetes and the presence of various
comorbid conditions or diabetic complications as an indicator of severity and found lower EQ-5D and SF-6D scores for
patients with CHD, arthropathy, or diabetic foot compared to those without each of those conditions [20].

Little is known about whether other commonly used existing generic measures-the Quality of Well-Being Scale
(QWB-SA) or the Health and Activities Limitation Index (HALex)-provide consistent results in their assessment of the
HRQoL in the diabetic population or if these measures are sensitive enough to differentiate between those with less and
more severe diabetes. Though the prevailing wisdom is that diabetes-specific measures are more appropriate for
assessing HRQoL in persons with diabetes, there are times when these measures are not available to researchers due to
monetary restrictions, the use of secondary data sources, or because of the desire to compare HRQoL across multiple
disease states. Because generic measures continue to be utilized in diabetes-relevant research, it is important to
understand how these measures perform, both comparatively and individually, within a diabetes-specific sample. The
objective of this study was to assess differences in estimated HRQoL/health status in a population-based sample of
individuals with diabetes and within levels of diabetes disease severity across various generic measures of
HRQoL/health status. This study was deemed exempt by the Saint Louis University Institutional Review Board.

MATERIALS AND METHODS

Data came from the National Health Measurement Study (NHMS). Briefly, the NHMS was a random-digit-dial
telephone interview of a sample of non-institutionalized adults living in the contiguous United States in 2005-2006. The
sampling and weighting scheme has been described previously [21]. Briefly, 29,844 households were deemed potential
contacts, 15,450 (54%) of these were unable to be contacted, 14,394 households were able to be reached. Of those
reached, 11,656 completed the screening process and 6822 of those had at least one eligible household member. Of
those with an eligible household member, 4334 agreed to begin the interview and 3,844 eligible participants completed
the interview. Two participants had missing data on the diabetes variable, leaving the final analytic sample as 3,842.

Generic Measures of HRQoL

Participants in the NHMS completed the SF-36v2TM [22], the Health Utilities Index version 2 [23] and version 3
[24] (HUI2 and HUI3), the EQ-5D [25], the Quality of Well-Being Scale (QWB-SA) [26], and the Health and Activities
Limitations Index (HALex) [27]. Scoring algorithms for each of the preference-based utility measures can be found in
the NHMS study description [21].
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SF-36v2, SF-12, and SF-6D

The SF-36v2 is a 36 item generic HRQoL instrument that covers eight domains and produces a physical component
score (PCS) and an mental component score (MCS). The SF-12v2 is a shortened version of the SF-36v2 and also
produces a physical component score and a mental component score. Both the SF-36v2 and the SF-12v2 have values
ranging from 0 to 100.The SF-36v2 is a commonly utilized general health measure that measures eight domains of
health related quality of life: Physical Functioning, Role-Physical, Bodily Pain, General Health, Vitality, Social
Functioning, Role-Emotional, and Mental Health. The eight domains are combined to produce two summary health
measures: Physical Component Score (Physical Functioning, Role-Physical, Bodily Pain, and General Health domains)
and Mental Component Score (Vitality, Social functioning, Role-Emotional, and Mental Health domains). The SF-12 is
computed from a subset of the 36 items that make up the SF-36v2 and also provides a summary mental component
score and a physical component score. For both the SF-36v2 and the SF-12, the Mental Component Score and The
Physical Component Score range from 0 to 100. The time period assessed by the SF-36v2, the SF-12, and the SF-6D
includes rating health “in general,” how limited by their health they are now, and how much it has limited them in the
past 4 weeks.

The SF-6D utility index [28] is a preference-based utility measure that can be calculated from both the SF-36v2 and
the SF-12. The SF-6D is computed from a subset of questions from the SF-36v2 or the SF-12 and reduces the domains
from 8 to 6. Unlike the SF-36v2 and the SF-12, the scoring algorithm for the SF-6D produces utility scores ranging
from .30 — 1.00. The scoring algorithm for utility scores was derived from standard gamble assessments.

HUI2 and HUI3

The HUI2 and HUI3 are preference-based utility measures that (theoretically) are valued between 0 (dead) and 1
(perfect health). Due to scoring, the HUI2 and HUI3 actually allow scores below 0, worse than death, with possible
scores ranging from -0.03 to 1.0 and -0.36 to 1.0, respectively [23, 24]. Utility score algorithms were derived from
standard gamble assessments for both measures. The HUI2 assesses health status on 6 domains (sensation, mobility,
emotion, cognition, self-care, and pain), whereas the HUI3 defines health on 8 domains (vision, hearing, speech,
ambulation, dexterity, emotion, cognition, and pain). Both the HUI2 and the HUI3 ask responders to use the past week
as the time point of reference.

EQ-5D

The EQ-5D is a preference-based utility measure examining 5 domains (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression) and is scored utilizing an algorithm derived from time tradeoff assessments
[25]. Scores from the EQ-5D range from 0 to 1.0. The time point of reference for the EQ-5D is the participant’s health
on that day. The EQ-5D measure used for this study provided 3-level response choices for each item (no problems,
moderate problems, severe problems). A more recent 5-level version of the EQ-5D has been subsequently released, but
was not available at the time of data collection of the NHMS [29].

OWB-SA

The QWB-SA is a preference-based utility measure that assesses three domains of functioning-mobility, physical
activity, and social activity-and combines those three domains with a symptoms and health problems checklist. The
final scoring algorithm provides weights for the domains as well as each symptom or health problem and produces a
final summary score ranging between 0.09 and 1.0 [26]. The QWB-SA asks responders to reference their health over
the past three days.

HALex

The HALex is the summary index used for the National Health Interview Survey [27]. The time period of reference
is “your health in general”. The measure assesses 2 domains: activity limitations and self-reported health. The scoring
algorithm for the HALex was developed ad hoc by the NHMS authors [19] using preference data from the HUI2. The
final summary score ranged from 0.10 to 1.0.

In addition to the HRQoL measures, the NHMS collected data on eleven common health conditions, including
diabetes. Persons were classified as having diabetes if they answered “yes” to the question “Have you ever been told by
a doctor or other health professional that you have diabetes?” Diabetes severity was grouped as follows: no self-
reported diabetes (n = 3116), self-reported diabetes without insulin (n =529), and self-reported diabetes with use of
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insulin (n = 197).

Statistical Analysis

All analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC) Survey Procedures and utilized the
trimmed, post-stratification sampling weights to produce nationally representative estimates. Weights were provided in
the NHMS database to account for the stratified sampling scheme and are representative of the US population for the
year 2000. There was no missing data for diabetes, age, sex, or race variables in the study. There were limited “don’t
know” and “refused” responses for the comorbid conditions. For the purposes of calculating the final summative
comorbid condition variable, the missing responses were taken as absence of the condition. No comorbid condition
variable had more than 17 missing responses and there was no statistically significant difference in sex, race, or diabetes
status between those with and without missing data on chronic conditions (data not shown). There was a statistically
significant difference between those with and without missing data for age with older ages more likely to have missing
data (y’= 35.0, p <.0001).

Table 1. Descriptive statistics (unweighted frequencies, weighted %) for NHMS sample stratified by diabetes status
(unweighted N = 3842).

No Diabetes Diabetes Diabetes + Insulin

Mean (SD) Mean (SD) Mean (SD) F P

(N =3116) (N =529) (N=197)
Age (years) 59 (14) 65 (13) 65 (11) 17.8 <.0001
BMI (kg/m’) 27 (5) 31(7) 33(8) 229 <.0001

N (weighted %) N (weighted %) N (weighted %) e P

Female 1780 (54) 297 (42) 124 (48) 8.2 .02
Age 60.1 <.0001
35-44 589 (33) 41 (18) 12 (17)
45-54 723 (25) 81 (13) 22 (11)
55-64 538 (19) 97 (28) 48 (31)
65-74 716 (13) 170 (22) 79 (28)
75-89 550 (10) 140 (19) 36 (13)
Race 22.8 <.0001
White 2175 (83) 298 (74) 89 (63)
Black 782 (10) 203 (16) 99 (25)
Other 144 (7) 25 (10) 9(12)
BMI
<25 1108 (38) 88 (18) 25 (20) 65.1 <.0001
25-<30 1169 (36) 190 (30) 52 (26)
>30 793 (24) 240 (49) 116 (52)
Missing 46 (2) 11 (3) 4(2)
Insured 2877 (93) 496 (90) 183 (94)
Health Conditions
Back Pain 516 (16) 134 (22) 73 (37) 18.2 <.0001
Thyroid Dysfunction 362 (11) 74 (12) 37 (20) 6.6 .04
Ulcer 361 (10) 84 (17) 47 (20) 14.7 .0006
Depression 426 (14) 82 (18) 51 (24) 6.0 .05
Respiratory 465 (12) 121 (22) 58 (26) 27.8 <.0001
Sleep Disorder 236 (7) 75 (16) 45(23) 34.7 <.0001
Eye Disease 806 (17) 210 (33) 111 (51) 55.5 <.0001
Arthritis 1143 (29) 279 (42) 63 (55) 23.0 <.0001
Stroke 136 (3) 55(10) 31(14) 41.0 <.0001
Coronary Heart Disease 301 (7) 111 (22) 71 (38) 101.9 <.0001

Weighted means and standard deviations of the score for each measure stratified by diabetes severity group were
calculated. Unadjusted and adjusted differences in least squares means between each of the diabetes severity groups for
the scores for each measure were estimated. Three linear regression models were estimated for each of the health
measures: (1) an unadjusted model, (2) a model adjusted for age, sex, and race, and (3) model 2 plus the presence of
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comorbid conditions classified as none, 1-2, or 3 or more from the available conditions in the NHMS data set (arthritis,
coronary heart disease, depression, stroke, eye disease, sleep disorders, thyroid disorder, respiratory disease, ulcer, and
back pain). Finally, effect sizes were calculated to estimate standardized group differences from model 3 by dividing the
difference of least squares means by the residual standard deviation of the model. In this context, the effect size is an
indicator of the measure’s ability to discriminate between known groups. Using Cohen’s guidelines, an effect size of
0.2-0.5 is considered small, 0.5-0.8 medium, and > 0.8 large [30]. An alpha of 0.01 was used to assess statistical
significance for all comparisons.

RESULTS

Demographics for the sample stratified by diabetes severity can be found in Table 1. Persons on insulin were
proportionally more female, older, and had a higher proportion of other chronic conditions including back pain,
respiratory disease, eye disease, and coronary heart disease (unweighted). Forty-five percent of patients on insulin were
White compared to 57% of those not on insulin, and 70% of those without diabetes (unweighted). Little difference was
observed in insurance status by diabetes severity group.

Table 2. Mean HRQoL scores for each index weighted to the US population (year 2000).

No Diabetes Diabetes Diabetes + Insulin

Mean (SE) Mean (SE) Mean (SE)
EQ-5D 0.88 (0.003) 0.82 (0.02) 0.76 (0.03)
QWB-SA 0.67 (0.005) 0.59 (0.02) 0.55(0.03)
HUI2 0.86 (0.004) 0.77 (0.02) 0.72 (0.04)
HUI3 0.82 (0.006) 0.69 (0.02) 0.60 (0.06)
SF-6D,, 0.82 (0.004) 0.77 (0.01) 0.70 (0.02)
SF-6D;4 0.80 (0.004) 0.74 (0.01) 0.69 (0.02)
SF-12 MCS 54.11 (0.23) 52.71 (0.76) 48.93 (1.47)
SF-12 PCS 49.88 (0.24) 42.88 (0.99) 38.34 (2.00)
SF-36v2 MCS 54.07 (0.22) 52.52 (0.80) 49.02 (1.46)
SF-36v2 PCS 50.21 (0.25) 42.93 (0.91) 39.39 (2.09)
HALex 0.82 (0.005) 0.66 (0.02) 0.52 (0.04)

For the preference-based utility measures, the EQ-5D produced higher estimates of HRQoL than the other measures.
Mean scores for each generic measure weighted to the US population and stratified by diabetes severity are reported
(Table 2). Across all measures, persons on insulin demonstrated lower HRQoL scores compared to those not taking
insulin. Unadjusted and adjusted mean score differences between the diabetes severity groups weighted to the US
population were calculated (Table 3). In the unadjusted model, persons with diabetes taking insulin had statistically
significantly lower mean HRQoL scores than persons without diabetes across all measures. Persons with diabetes but
not taking insulin demonstrated statistically significantly lower HRQoL scores for all measures with the exception of
the SF-12 MCS and SF-36v2 MSC. Only the HALex demonstrated a statistically significant difference between persons
with diabetes taking insulin and those with diabetes without insulin in the unadjusted analysis (mean difference 0.14, p
=.002).

After adjusting for age, sex, and race (model 2), results were similar to the unadjusted analysis. All measures
indicated persons with diabetes and taking insulin had statistically significantly lower HRQoL scores than persons
without diabetes, persons with diabetes but not taking insulin had lower HRQoL scores than persons without diabetes
for all measures except the SF-12 MCS and SF-36v2 MCS, and the HALex was the only index that still maintained a
statistically significant mean difference between the diabetes severity groups (p = 0.002).

After adjustment for additional comorbid conditions (Model 3), the EQ-5D no longer indicated differences in the
HRQoL between any of the diabetes severity groups. Persons with diabetes had statistically significantly lower HRQoL
scores than those without diabetes for all other measures with the exception of the SF-6D12, the SF-12 MCS and the
SF-36v2 MCS. Persons with diabetes taking insulin had statistically significantly lower HRQoL scores than persons
without diabetes for all other measures with the exception of the HUI2, HUI3, and the SF-36v2 MCS. Once more, the
HALex was the only index that demonstrated a statistically significant difference in HRQoL scores between persons
with diabetes taking insulin and those with diabetes but not on insulin.

Table 4 depicts effect sizes between diabetes severity groups for each HRQoL measure. Effect sizes ranged from
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0.03 to 1.05 across all measures and were small to moderate for the majority of comparisons. Across all measures,
effect sizes were generally larger for the comparison of the diabetes and insulin group to the no diabetes group than for
the other comparisons. The HALex had the largest effect size across all comparisons followed by the SF-12 PCS and
the SF-36v2 PCS.

Table 3. Unadjusted and adjusted differences in mean scores between diabetes groups*.

No Diabetes - Diabetes No Diabetes - Diabetes & Insulin Diabetes & Insulin - Diabetes

Mean Difference (SE) p Mean Difference (SE) p Mean Difference (SE) p
Model 1
EQ-5D 0.06 (0.02) .0002 0.12 (0.03) .0002 0.06 (0.04) .078
QWB-SA 0.08 (0.02) <.0001 0.12(0.03) <.0001 0.04 (0.03) 184
HUI2 0.09 (0.02) <.0001 0.14 (0.04) .0004 0.05 (0.04) 235
HUI3 0.13 (0.02) <.0001 0.22 (0.06) .0001 0.09 (0.06) 139
SF-6D,, 0.06 (0.01) <.0001 0.12 (0.02) <.0001 0.06 (0.03) .013
SF-6D;4 0.06 (0.01) <.0001 0.11(0.02) <.0001 0.04 (0.02) .067
SF-12 MCS 1.40 (0.79) .078 5.18 (1.50) .0005 3.78 (1.66) .023
SF-12 PCS 7.00 (1.01) <.0001 11.53 (2.01) <.0001 4.53(2.22) .042
SF-36v2 MCS 1.55(0.83) .063 5.05 (1.49) .0007 3.50 (1.68) .037
SF-36v2 PCS 7.28 (0.94) <.0001 10.83 (2.10) <.0001 3.54 (2.27) 119
HALex 0.16 (0.02) <.0001 0.29 (0.04) <.0001 0.14 (0.04) .002
Model 21
EQ-5D 0.05 (0.02) .002 0.10 (0.03) .0006 0.06 (0.03) .08
QWB-SA 0.07 (0.02) <.0001 0.11(0.02) <.0001 0.04 (0.03) 18
HUI2 0.08 (0.02) <.0001 0.13 (0.04) .0006 0.05 (0.04) 25
HUI3 0.12 (0.03) <.0001 0.20 (0.05) .0002 0.08 (0.06) .14
SF-6D,, 0.05 (0.01) <.0001 0.11(0.02) <.0001 0.06 (0.02) .02
SF-6D;, 0.06 (0.01) <.0001 0.09 (0.02) <.0001 0.04 (0.02) .08
SF-12 MCS 1.71 (0.82) .04 4.87 (1.44) .0003 3.46 (1.59) .03
SF-12 PCS 5.60 (0.94) <.0001 9.68 (1.67) <.0001 4.08 (1.87) .03
SF-36v2 MCS 1.86 (0.86) .03 5.02 (1.43) .0005 3.16 (1.61) .05
SF-36v2 PCS 6.02 (0.92) <.0001 9.19 (1.77) <.0001 3.17 (1.94) .10
HALex 0.13 (0.02) <.0001 0.26 (0.04) <.0001 0.13 (0.04) .0002
Model 3*
EQ-5D 0.02 (0.01) 150 0.04 (0.03) .108 0.02 (0.03) 427
QWB-SA 0.04 (0.01) .0008 0.05 (0.02) .008 0.004 (0.02) .838
HUI2 0.05 (0.02) .003 0.06 (0.03) .040 0.02 (0.04) .660
HUI3 0.07 (0.02) .003 0.10 (0.05) .032 0.03 (0.05) 511
SF-6D,, 0.03 (0.01) .013 0.06 (0.02) .002 0.03 (0.02) 137
SF-6D; 0.03 (0.01) .002 0.05 (0.02) .008 0.01 (0.02) 492
SF-12 MCS 1.04 (0.78) 185 3.86 (1.35) .004 2.82(1.50) .06
SF-12 PCS 3.83(0.81) <.0001 5.60 (1.40) <.0001 1.77 (1.54) 252
SF-36v2 MCS 1.04 (0.82) 205 3.37(1.34) 012 2.33 (1.51) 124
SF-36v2 PCS 4.19 (0.78) <.0001 4.92 (1.46) .0008 0.73 (1.60) .647
HALex 0.10 (0.02) <.0001 0.18 (0.03) <.0001 0.08 (0.03) .009

* Post-hoc independent samples t-test comparing least squares means.
"Adjusted for age, sex, and race.
' Adjusted for age, sex, race, and comorbid conditions.

DISCUSSION

Across all HRQoL measures, persons with diabetes (regardless of severity) demonstrated lower HRQoL scores than
those without diabetes and the largest differences were seen between persons with diabetes taking insulin and persons
without diabetes. This is not surprising given that the addition of insulin to the diabetes treatment regimen is indicative
of more severe disease and, possibly, a larger treatment burden. The overall means for persons with diabetes were
similar to estimates from previous studies of generic measures in persons with diabetes [7, 13, 31]. In both the
unadjusted and adjusted analyses, The EQ-5D produced higher estimates of HRQoL than other preference-based utility
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measures. This is most likely due to the fact that the EQ-5D has fewer items/domains than other measure allowing for
less variability in individual scores.

Table 4. Effect sizes between diabetes severity groups*.

Difference between Diabetes and no |Difference between Diabetes + Insulin and Difference between Diabetes and
Diabetes no Diabetes Diabetes + Insulin
EQ-5D 0.15 0.32 0.17
QWB-SA 0.33 0.36 0.03
HUI2 0.35 0.45 0.11
HUI3 0.31 0.47 0.16
SF-6D,, 0.24 0.50 0.26
SF-6D;,, 0.29 0.40 0.12
SF-12 MCS 0.12 0.46 0.33
SF-12 PCS 0.46 0.68 0.21
SF-36v2 MCS 0.12 0.40 0.27
SF-36v2 PCS 0.52 0.61 0.09
HALex 0.58 1.05 0.48

*Adjusting for age, gender, race, and comorbid disease.

All measures seemed to be able to discriminate between persons with and without diabetes regardless of insulin
status as indicated by their small to moderate effect sizes; a finding consistent with prior literature [2 - 13, 15]. Only the
HALex, however, was able to demonstrate a statistically significant difference between the diabetes with insulin and the
diabetes without insulin once we had controlled for age, sex, race, and other comorbid conditions. This is in contrast to
the findings by Redekop and colleagues who found that EQ-5D scores were lower for patients taking insulin compared
to those on oral medications or diet alone [19] and Kontodimopoulos and colleagues who found the lower scores on the
EQ-5D and SF-6D for individuals with diabetes and additional comorbid conditions [20]. The HALex has demonstrated
more sensitivity to differences in HRQoL for individuals with multiple, self-reported health conditions (a rough proxy
for illness severity) compared to the EQ-5D and the SF-6D [32], which is consistent with our findings that the HALex
was able to discriminate between diabetes severity groups.

This is the first study to concurrently examine the performance of 11 generic health measures in the same sample of
patients with diabetes. Similar attempts to examine the performance of generic health measures in coronary heart
disease have been published [33]. All measures provide roughly similar estimates of HRQoL from preference-based
measures, though the EQ-5D does appear to indicate higher HRQoL compared to other measures. Mean scores for the
SF-12 and SF-36v2 cannot be directly compared to the scores on other measures as the SF-12 and SF-36v2 are scored
on a scale of 0 to 100 rather than O to 1. By calculating effect sizes, we were able to use a standardized format to draw
general conclusions about assessing HRQoL across all measures including the SF-12 and SF-36v2. The physical health
components of the SF-12 and SF-36 were lower than the mental health components for all severity groups; indicating
the importance of physical health in determining QOL for persons with diabetes.

Only the HALex demonstrated statistically significant differences between severity levels of diabetes. The HALex
is the only measure that uses self-rated health as a mechanism for describing health states [21]. It is possible that self-
rated perceptions of health are more sensitive to differences in diabetes severity than other rating systems. There were
small, but noticeable, effect sizes for the SF-6D12, SF-12 MCS, SF-12 PCS, and the SF-36v2 MCS. Prior research has
indicated that there is a difference in HRQoL depending on treatment-assessed severity [16, 19]. Also of interest, the
effect sizes for the mental component scores for the SF-12 and SF-36v2 were higher than the effect size for the PCS
than the MCS for comparisons between persons with and without diabetes and between persons with diabetes taking
insulin and those without diabetes. However, in the comparison between persons with diabetes taking insulin and those
with diabetes but not taking insulin, effect sizes were larger for the MCS than the PCS. It is possible that physical health
is better at discriminating between those who are ill and those who are well; however, mental health may be better at
distinguishing between the severity of those who are already ill. Further research is needed to examine this possibility.

This study has severable notable limitations. First, diabetes status is self-reported and medication regimen was used
as a proxy for disease severity. Self-report of diabetes status has demonstrated acceptable reliability in prior studies [34
- 37]. Acceleration of diabetes treatment from diet alone to oral medication to the use of insulin is generally
representative of the severity of diabetes. Another limitation is that the NHMS data was generated from a random digit
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dial survey; therefore, the respondents are potentially more likely to have higher incomes or be more educated than the
general population.

Despite these limitations, this study provides evidence that there are somewhat systematic differences in HRQoL
estimates from various generic instruments. The EQ-5D appears to produce the highest estimates, while QWB-SA
produces the lowest. This reflects the possibility that each instrument is measuring a different aspect of HRQoL and is
consistent with prior research in non-disease-specific samples [21, 38].

CONCLUSION

The evidence demonstrates that the HALex might be the most useful generic measure of HRQoL for researchers
interested in differences in severity in cross-sectional samples of patients with diabetes. Further research is necessary to
assess the sensitivity of the HALex to changes over time. Though diabetes-specific measures might be preferred for
establishing group differences, the ubiquity of generic measures in diabetes-related research indicates a need for further
assessment of the utility of these measures in a disease-specific population.

CONFLICT OF INTEREST

The authors confirm that this article content has no conflict of interest.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES

[1] Centers for Disease Control and Prevention. National Diabetes Statistics Report: Estimates of Diabetes and Its Burden in the United States.
Atlanta, GA: US Department of Health and Human Services 2014.

[2] Speight J, Reaney MD, Barnard KD. Not all roads lead to Rome-a review of quality of life measurement in adults with diabetes. Diabet Med
2009; 26(4): 315-27.
[http://dx.doi.org/10.1111/j.1464-5491.2009.02682.x] [PMID: 19388959]

[3] Alonso J, Ferrer M, Gandek B, et al. Health-related quality of life associated with chronic conditions in eight countries: results from the
International Quality of Life Assessment (IQOLA) Project. Qual Life Res 2004; 13(2): 283-98.
[http://dx.doi.org/10.1023/B:QURE.0000018472.46236.05] [PMID: 15085901]

[4] Arne M, Janson C, Janson S, et al. Physical activity and quality of life in subjects with chronic disease: chronic obstructive pulmonary disease
compared with theumatoid arthritis and diabetes mellitus. Scand J Prim Health Care 2009; 27(3): 141-7.
[http://dx.doi.org/10.1080/02813430902808643] [PMID: 19306158]

[5] Bagust A, Beale S. Modelling EuroQol health-related utility values for diabetic complications from CODE-2 data. Health Econ 2005; 14(3):
217-30.
[http://dx.doi.org/10.1002/hec.910] [PMID: 15386666]

[6] Chittleborough CR, Baldock KL, Taylor AW, Phillips PJ. Health status assessed by the SF-36 along the diabetes continuum in an Australian
population. Qual Life Res 2006; 15(4): 687-94.
[http://dx.doi.org/10.1007/s11136-005-3570-8] [PMID: 16688501]

[7] Fu AZ, Qiu Y, Radican L, Luo N. Marginal differences in health-related quality of life of diabetic patients with and without macrovascular
comorbid conditions in the United States. Qual Life Res 2011; 20(6): 825-32.
[http://dx.doi.org/10.1007/s11136-010-9819-x] [PMID: 21165701]

[8] Grandy S, Fox KM. EQ-5D visual analog scale and utility index values in individuals with diabetes and at risk for diabetes: Findings from the
Study to Help Improve Early evaluation and management of risk factors Leading to Diabetes (SHIELD). Health Qual Life Outcomes 2008; 6:
18.
[http://dx.doi.org/10.1186/1477-7525-6-18] [PMID: 18304340]

[9] Huang I-C, Hwang C-C, Wu M-Y, Lin W, Leite W, Wu AW. Diabetes-specific or generic measures for health-related quality of life?
Evidence from psychometric validation of the D-39 and SF-36. Value Health 2008; 11(3): 450-61.
[http://dx.doi.org/10.1111/j.1524-4733.2007.00261.x] [PMID: 18489668]

[10] Lee AJ, Morgan CL, Morrissey M, Wittrup-Jensen KU, Kennedy-Martin T, Currie CJ. Evaluation of the association between the EQ-5D
(health-related utility) and body mass index (obesity) in hospital-treated people with Type 1 diabetes, Type 2 diabetes and with no diagnosed
diabetes. Diabet Med 2005; 22(11): 1482-6.

[http://dx.doi.org/10.1111/j.1464-5491.2005.01657.x] [PMID: 16241910]

[11]  Nerenz DR, Repasky DP, Whitehouse FW, Kahkonen DM. Ongoing assessment of health status in patients with diabetes mellitus. Med Care
1992; 30(5)(Suppl.): MS112-24.
[PMID: 1583926]


http://dx.doi.org/10.1111/j.1464-5491.2009.02682.x
http://www.ncbi.nlm.nih.gov/pubmed/19388959
http://dx.doi.org/10.1023/B:QURE.0000018472.46236.05
http://www.ncbi.nlm.nih.gov/pubmed/15085901
http://dx.doi.org/10.1080/02813430902808643
http://www.ncbi.nlm.nih.gov/pubmed/19306158
http://dx.doi.org/10.1002/hec.910
http://www.ncbi.nlm.nih.gov/pubmed/15386666
http://dx.doi.org/10.1007/s11136-005-3570-8
http://www.ncbi.nlm.nih.gov/pubmed/16688501
http://dx.doi.org/10.1007/s11136-010-9819-x
http://www.ncbi.nlm.nih.gov/pubmed/21165701
http://dx.doi.org/10.1186/1477-7525-6-18
http://www.ncbi.nlm.nih.gov/pubmed/18304340
http://dx.doi.org/10.1111/j.1524-4733.2007.00261.x
http://www.ncbi.nlm.nih.gov/pubmed/18489668
http://dx.doi.org/10.1111/j.1464-5491.2005.01657.x
http://www.ncbi.nlm.nih.gov/pubmed/16241910
http://www.ncbi.nlm.nih.gov/pubmed/1583926

HRQoL in Diabetes The Open Public Health Journal, 2016, Volume 9 73

[13]

[15]

[16]

[17]

(18]

[19]

[20]

[25]

[26]

[27]

(28]

[29]

[30]
[31]

[32]

Stewart AL, Greenfield S, Hays RD, et al. Functional status and well-being of patients with chronic conditions. Results from the Medical
Outcomes Study. JAMA 1989; 262(7): 907-13.
[http://dx.doi.org/10.1001/jama.1989.03430070055030] [PMID: 2754790]

Maddigan SL, Feeny DH, Johnson JA. Construct validity of the RAND-12 and Health Utilities Index Mark 2 and 3 in type 2 diabetes. Qual
Life Res 2004; 13(2): 435-48.
[http://dx.doi.org/10.1023/B:QURE.0000018497.06539.8f] [PMID: 15085916]

Luo N, Wang P, Fu AZ, Johnson JA, Coons SJ. Preference-based SF-6D scores derived from the SF-36 and SF-12 have different
discriminative power in a population health survey. Med Care 2012; 50(7): 627-32.
[http://dx.doi.org/10.1097/MLR.0b013e31824d7471] [PMID: 22456112]

Chen G, lezzi A, McKie J, Khan MA, Richardson J. Diabetes and quality of life: Comparing results from utility instruments and Diabetes-39.
Diabetes Res Clin Pract 2015; 109(2): 326-33.
[http://dx.doi.org/10.1016/j.diabres.2015.05.011] [PMID: 26013567]

Jacobson AM, de Groot M, Samson JA. The evaluation of two measures of quality of life in patients with type I and type II diabetes. Diabetes
Care 1994; 17(4): 267-74.
[http://dx.doi.org/10.2337/diacare.17.4.267] [PMID: 8026281]

Johnson JA, Maddigan SL. Performance of the RAND-12 and SF-12 summary scores in type 2 diabetes. Qual Life Res 2004; 13(2): 449-56.
[http://dx.doi.org/10.1023/B:QURE.0000018494.72748.cf] [PMID: 15085917]

Glasgow RE, Ruggiero L, Eakin EG, Dryfoos J, Chobanian L. Quality of life and associated characteristics in a large national sample of
adults with diabetes. Diabetes Care 1997; 20(4): 562-7.
[http://dx.doi.org/10.2337/diacare.20.4.562] [PMID: 9096981]

Redekop WK, Koopmanschap MA, Stolk RP, Rutten GE, Wolffenbuttel BH, Niessen LW. Health-related quality of life and treatment
satisfaction in Dutch patients with type 2 diabetes. Diabetes Care 2002; 25(3): 458-63.
[http://dx.doi.org/10.2337/diacare.25.3.458] [PMID: 11874930]

Kontodimopoulos N, Pappa E, Chadjiapostolou Z, Arvanitaki E, Papadopoulos AA, Niakas D. Comparing the sensitivity of EQ-5D, SF-6D
and 15D utilities to the specific effect of diabetic complications. Eur J Health Econ 2012; 13(1): 111-20.
[http://dx.doi.org/10.1007/s10198-010-0290-y] [PMID: 21132558]

Fryback DG, Dunham NC, Palta M, ef al. US norms for six generic health-related quality-of-life indexes from the National Health
Measurement study. Med Care 2007; 45(12): 1162-70.
[http://dx.doi.org/10.1097/MLR.0b013e31814848f1] [PMID: 18007166]

Ware JE Jr. SF-36 health survey update. Spine 2000; 25(24): 3130-9.
[http://dx.doi.org/10.1097/00007632-200012150-00008] [PMID: 11124729]

Feeny DH, Torrance GW, Furlong WJ. Health Utilities Index. In: Spilker B, Ed. Quality of Life and Pharmacoeconomics in Clinical Trials.
2" ed. Philadelphia, PA: Lippincott-Raven Publishers 1996; pp. 239-52.

Feeny D, Furlong W, Torrance GW, et al. Multiattribute and single-attribute utility functions for the health utilities index mark 3 system. Med
Care 2002; 40(2): 113-28.
[http://dx.doi.org/10.1097/00005650-200202000-00006] [PMID: 11802084]

Rabin R, de Charro F. EQ-5D: a measure of health status from the EuroQol Group. Ann Med 2001; 33(5): 337-43.
[http://dx.doi.org/10.3109/07853890109002087] [PMID: 11491192]

Andresen EM, Rothenberg BM, Kaplan RM. Performance of a self-administered mailed version of the Quality of Well-Being (QWB-SA)
questionnaire among older adults. Med Care 1998; 36(9): 1349-60.
[http://dx.doi.org/10.1097/00005650-199809000-00007] [PMID: 9749658]

Erickson P. Evaluation of a population-based measure of quality of life: the Health and Activity Limitation Index (HALex). Qual Life Res
1998; 7(2): 101-14.
[http://dx.doi.org/10.1023/A:1008897107977] [PMID: 9523491]

Brazier J, Roberts J, Deverill M. The estimation of a preference-based measure of health from the SF-36. J Health Econ 2002; 21(2): 271-92.
[http://dx.doi.org/10.1016/S0167-6296(01)00130-8] [PMID: 11939242]

Herdman M, Gudex C, Lloyd A, et al. Development and preliminary testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life
Res 2011; 20(10): 1727-36.
[http://dx.doi.org/10.1007/s11136-011-9903-x] [PMID: 21479777]

Cohen J. Statistical power analysis for the behavioral sciences. 2™ ed. Hillsdale, NJ: Lawrence Erlbaum Associates 1988.

Glasziou P, Alexander J, Beller E, Clarke P. Which health-related quality of life score? A comparison of alternative utility measures in
patients with Type 2 diabetes in the ADVANCE trial. Health Qual Life Outcomes 2007; 5: 21.
[http://dx.doi.org/10.1186/1477-7525-5-21] [PMID: 17462100]

Stewart ST, Cutler DM, Rosen AB. Comparison of trends in US health-related quality of life over the 2000s using the SF-6D, HALex,
EQ-5D, and EQ-5D visual analog scale versus a broader set of symptoms and impairments. Med Care 2014; 52(12): 1010-6.
[PMID: 25014733]


http://dx.doi.org/10.1001/jama.1989.03430070055030
http://www.ncbi.nlm.nih.gov/pubmed/2754790
http://dx.doi.org/10.1023/B:QURE.0000018497.06539.8f
http://www.ncbi.nlm.nih.gov/pubmed/15085916
http://dx.doi.org/10.1097/MLR.0b013e31824d7471
http://www.ncbi.nlm.nih.gov/pubmed/22456112
http://dx.doi.org/10.1016/j.diabres.2015.05.011
http://www.ncbi.nlm.nih.gov/pubmed/26013567
http://dx.doi.org/10.2337/diacare.17.4.267
http://www.ncbi.nlm.nih.gov/pubmed/8026281
http://dx.doi.org/10.1023/B:QURE.0000018494.72748.cf
http://www.ncbi.nlm.nih.gov/pubmed/15085917
http://dx.doi.org/10.2337/diacare.20.4.562
http://www.ncbi.nlm.nih.gov/pubmed/9096981
http://dx.doi.org/10.2337/diacare.25.3.458
http://www.ncbi.nlm.nih.gov/pubmed/11874930
http://dx.doi.org/10.1007/s10198-010-0290-y
http://www.ncbi.nlm.nih.gov/pubmed/21132558
http://dx.doi.org/10.1097/MLR.0b013e31814848f1
http://www.ncbi.nlm.nih.gov/pubmed/18007166
http://dx.doi.org/10.1097/00007632-200012150-00008
http://www.ncbi.nlm.nih.gov/pubmed/11124729
http://dx.doi.org/10.1097/00005650-200202000-00006
http://www.ncbi.nlm.nih.gov/pubmed/11802084
http://dx.doi.org/10.3109/07853890109002087
http://www.ncbi.nlm.nih.gov/pubmed/11491192
http://dx.doi.org/10.1097/00005650-199809000-00007
http://www.ncbi.nlm.nih.gov/pubmed/9749658
http://dx.doi.org/10.1023/A:1008897107977
http://www.ncbi.nlm.nih.gov/pubmed/9523491
http://dx.doi.org/10.1016/S0167-6296(01)00130-8
http://www.ncbi.nlm.nih.gov/pubmed/11939242
http://dx.doi.org/10.1007/s11136-011-9903-x
http://www.ncbi.nlm.nih.gov/pubmed/21479777
http://dx.doi.org/10.1186/1477-7525-5-21
http://www.ncbi.nlm.nih.gov/pubmed/17462100
http://www.ncbi.nlm.nih.gov/pubmed/25014733

74 The Open Public Health Journal, 2016, Volume 9 Hinyard and Geremakis

[33]

[34]

[35]

[36]

[37]

[38]

Garster NC, Palta M, Sweitzer NK, Kaplan RM, Fryback DG. Measuring health-related quality of life in population-based studies of coronary
heart disease: comparing six generic indexes and a disease-specific proxy score. Qual Life Res 2009; 18(9): 1239-47.
[http://dx.doi.org/10.1007/s11136-009-9533-8] [PMID: 19760103]

Schneider AL, Pankow JS, Heiss G, Selvin E. Validity and reliability of self-reported diabetes in the atherosclerosis risk in communities
study. Am J Epidemiol 2012; 176(8): 738-43.
[http://dx.doi.org/10.1093/aje/kws156] [PMID: 23013620]

Englert H, Miiller-Nordhorn J, Seewald S, ez al. Is patient self-report an adequate tool for monitoring cardiovascular conditions in patients
with hypercholesterolemia? J Public Health (Oxf) 2010; 32(3): 387-94.
[http://dx.doi.org/10.1093/pubmed/fdq013] [PMID: 20208067]

Oksanen T, Kivimaki M, Pentti J, Virtanen M, Klaukka T, Vahtera J. Self-report as an indicator of incident disease. Ann Epidemiol 2010;
20(7): 547-54.
[http://dx.doi.org/10.1016/j.annepidem.2010.03.017] [PMID: 20538198]

Okura Y, Urban LH, Mahoney DW, Jacobsen SJ, Rodeheffer RJ. Agreement between self-report questionnaires and medical record data was
substantial for diabetes, hypertension, myocardial infarction and stroke but not for heart failure. J Clin Epidemiol 2004; 57(10): 1096-103.
[http://dx.doi.org/10.1016/j.jclinepi.2004.04.005] [PMID: 15528061]

Pereira CC, Palta M, Mullahy J, Fryback DG. Race and preference-based health-related quality of life measures in the United States. Qual
Life Res 2011; 20(6): 969-78.
[http://dx.doi.org/10.1007/s11136-010-9813-3] [PMID: 21181447]

© Hinyard and Geremakis; Licensee Bentham Open

This is an open access article licensed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International Public License
(CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/legalcode), which permits unrestricted, non-commercial use, distribution and
reproduction in any medium, provided the work is properly cited.


http://dx.doi.org/10.1007/s11136-009-9533-8
http://www.ncbi.nlm.nih.gov/pubmed/19760103
http://dx.doi.org/10.1093/aje/kws156
http://www.ncbi.nlm.nih.gov/pubmed/23013620
http://dx.doi.org/10.1093/pubmed/fdq013
http://www.ncbi.nlm.nih.gov/pubmed/20208067
http://dx.doi.org/10.1016/j.annepidem.2010.03.017
http://www.ncbi.nlm.nih.gov/pubmed/20538198
http://dx.doi.org/10.1016/j.jclinepi.2004.04.005
http://www.ncbi.nlm.nih.gov/pubmed/15528061
http://dx.doi.org/10.1007/s11136-010-9813-3
http://www.ncbi.nlm.nih.gov/pubmed/21181447
https://creativecommons.org/licenses/by-nc/4.0/legalcode

	Assessing Health Related Quality of Life in Persons with Diabetes: A Comparison of Generic Measures 
	[Background:]
	Background:
	Objective:
	Methods:
	Results:
	Conclusion:

	INTRODUCTION
	MATERIALS AND METHODS
	Generic Measures of HRQoL
	SF-36v2, SF-12, and SF-6D
	HUI2 and HUI3
	EQ-5D
	QWB-SA
	HALex

	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




