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Abstract: This study estimates health utilities (HU) in Sweden for a range of type 2 

diabetes-related complications using EQ-5D and two alternative tariffs (UK and Swedish) 

from 1757 patients with type 2 diabetes from the Swedish National Diabetes Register 

(NDR). Ordinary least squares were used for statistical analysis. Lower HU was found for 

female gender, younger age at diagnosis, higher BMI, and history of complications. 

Microvascular and macrovascular complications had the most negative effect on HU 

among women and men, respectively. The greatest decline in HU was associated with 

kidney disorders (−0.114) using the UK tariff and stroke (−0.059) using the Swedish tariff. 

Multiple stroke and non-acute ischaemic heart disease had higher negative effect than  

a single event. With the UK tariff, each year elapsed since the last 

microvascular/macrovascular complication was associated with 0.013 and 0.007 units 

higher HU, respectively. We found important heterogeneities in effects of complications on 
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HU in terms of gender, multiple event, and time. The Swedish tariff gave smaller estimates 

and so may result in less cost-effective interventions than the UK tariff. These results 

suggest that incorporating subgroup-specific HU in cost-utility analyses might provide 

more insight for informed decision-making. 

Keywords: EQ-5D; health utility; Sweden; type 2 diabetes 

 

1. Introduction 

Diabetes mellitus is a chronic disease with a growing worldwide prevalence. The International 

Diabetes Federation estimated that 366 million people had diabetes in 2011, and it is predicted that this 

figure will undergo a 51% increase by 2030 [1]. Type 2 diabetes accounts for 90–95% of the incidence 

of diabetes [2], and is associated with a higher risk of macro- and microvascular complications [3,4].  

A pooled analysis [5] based on 8.49 million person-years at risk showed that hazard ratios of coronary 

heart disease, ischaemic stroke, and haemorrhagic stroke were 2, 2.27, and 1.56 for diabetics versus 

non-diabetics, respectively. The Framingham Heart Study revealed that the 30-year risk of developing 

cardiovascular disease was significantly higher among men and women with diabetes compared to 

those without diabetes [6]. Moreover, among patients with diabetes, experiencing a first event 

substantially elevates the risk of subsequent events [7]. 

This association between diabetes and complications means that people with diabetes not only have 

shorter life expectancy than people without diabetes [8,9], but also experience poorer health-related 

quality of life (HRQoL) than the general population [10–12]. Moreover, patients with diabetes-related 

complications have lower HRQoL than diabetes patients without complications [13–15]. It is essential 

to consider this impact on HRQoL in health economic models, since subjective health status is an 

important aspect of cost-effectiveness of treatments. From a health economics perspective, a 

preference-based measure of HRQoL is required to estimate health-state utility values and calculate 

quality-adjusted life years (QALYs).  

Clinical, environmental and organizational disparities across countries might limit transferability of 

results of studies on health utility (HU) [14]. In other words, the same clinical or sociodemographic 

variable might have a different impact on HU in different settings. For example, in one geographical 

area, patients might receive sufficient care to manage their diabetes, resulting in a higher HU compared 

with an area where this is not the case. Therefore, eliciting and incorporating country-specific health 

utilities for different health states is necessary to assess the effectiveness and cost-effectiveness of 

interventions and improve the relevance of analyses supporting informed decision-making in  

health care.  

While HU scores for a range of common diabetes-related complications among patients with type 2 

diabetes are available for other countries [14–17], there is limited information on these scores in 

Sweden. Previous Swedish studies have reported results on the impact of a specific complication on 

HU [18,19], or included only type 1 diabetes patients [20]; others have evaluated the association 

between complications and HRQoL rather than HU [21,22], which limits their application in  

economic analyses.  
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The EQ-5D instrument is based on five attributes, and the responses to these attributes are weighted 

based on the preferences elicited from a sample of general population/patients to calculate an index 

score. Until recently, Swedish studies generally applied the UK tariff [23] because no Swedish tariff 

existed. However, a Swedish experience-based tariff for the EQ-5D was recently published [24].  

The primary aim of this study was to estimate health utilities associated with a range of type 2 

diabetes-related complications using survey data on EQ-5D responses and registry data on 

complications among a large sample of people with type 2 diabetes from the Swedish National 

Diabetes Register (NDR). We also aimed to investigate heterogeneities in the effect of complications 

on HU in terms of gender, multiple event, and time since event. Both the UK and Swedish tariffs were 

used, and the results were compared. In the current study, we applied the UK tariff in the main analysis 

and the Swedish tariff as a sensitivity analysis. One of the main reasons for this was that the UK tariff 

is the most common tariff used in the literature, which increases comparability of our study with 

previous studies. Another major reason was that there are other diabetes-related complications (e.g., 

neuropathy) which we did not include in the current study due to lack of data; this implies that the HU 

of these missing complications should be extracted from previous studies, which mainly applied the 

UK tariff.  

2. Method and Materials 

2.1. Setting and Participants 

The NDR was established to follow up and improve the quality of diabetes care in Sweden [25].  

It includes individual-level demographic and clinical data (e.g., risk factors, treatment, diabetes-related 

complications) on adult individuals aged ≥18 years that have agreed to be registered before inclusion. 

Participation in the NDR is not compulsory, and patients are offered the option of being excluded if 

they wish. Data are reported to the NDR from all hospital diabetes outpatient clinics and primary 

health care centres at least once a year.  

In order to improve knowledge about the quality of diabetes care in Sweden, the NDR conducted a 

survey in 2008 to collect data on patients' HRQoL using the Swedish version of EQ-5D (IQ3 project). 

Twenty-six primary health care centres participated in the IQ3 project. All patients who visited one of 

these centres during the recruitment period (1 February to 30 May 2008) were selected to participate, 

as long as they met the inclusion criteria: (1) aged 18–80 years; (2) time since diagnosis longer than  

6 months; and (3) not living under a protected identity. A total of 4,760 patients with type 1 or type 2 

diabetes met these criteria, and thus were mailed the Swedish version of the EQ-5D questionnaire 

between June and August 2008. Of these, 3,089 questionnaires were returned by 2947 patients (there 

were 115 patients with duplicates responses), giving a response rate of 63%. The current study 

included 1757 patients who met the additional inclusion criteria: (1) type 2 diabetes (treatment with 

diet or oral hypoglycaemic agent (OHA) only regardless the age at onset of diabetes, or treatment with 

insulin alone or in combination with OHA and age ≥40 years at onset of diabetes); (2) data available 

on history of diabetes-related complications; and (3) age at diagnosis older than 25 (Figure S1 in the 

Supplementary Material). There were significant differences by age, age at diagnosis and duration of 
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diabetes between included (n = 1757) and excluded (n = 170) patients, but no significant difference in 

term of BMI, gender and EQ-5D scores (Table S1 in the Supplementary Material).  

2.2. Utility Measurement 

EQ-5D is most used multi-attribute instrument worldwide for eliciting health-related preferences.  

It is based on five attributes: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. 

Each attribute has three levels: no problems, some problems, and severe problems [26], resulting in 

243 (35) possible health states. In the current study, both UK [23] and Swedish [24] tariffs were 

applied to calculate EQ-5D index scores, and the results of applying these tariffs were compared.  

2.3. Diabetes-Related Complications 

Diabetes-related complications were defined in terms of International Classification of Disease, 

10th revision (ICD-10) codes: 

(1) Acute myocardial infarction (AMI): I21;  

(2) Heart failure (HF): I50;  

(3) Non-acute ischaemic heart disease (NAIHD): I22, I24.8, and I24.9 including stable and 

unstable angina (I20.0, I20.1, I20.8, and I20.9);  

(4) Stroke: I61, I63, I64, and I67.9,  

(5) Kidney disorders: N00-N08, N10-N16, N28.9, E11.2, E14.2, Z49.1, Z49.2, Z99.2, Z94.0, N17, 

N18, N19;  

(6) Retinopathy: H35.0, H35.2, H35.6, H35.9, H36.0, E11.3;  

(7) Amputation: ankle (S98.0), lower leg (S88), hip (S78.0), and pelvis (S38.3).  

These events were retrieved by data linkage with the Swedish Cause of Death and Hospital 

Discharge Registers. In this study, we considered any episode of hospitalization as an event (e.g., two 

hospitalization with diagnostic code of I50 were considered as two heart failures).  

In all analyses, these complications were included in two forms. Model 1 included pooled events 

with AMI, HF, NAIHD, and stroke classed as macrovascular complications; and kidney disorders, 

retinopathy, and amputation classed as microvascular complications. Model 2 focused on specific 

events, with each event included as a separate event. It should be noted that in the latter model, history 

of amputation was not included due to low number of events. Earlier studies have suggested that age, 

gender, duration of diabetes, body mass index (BMI), and treatment modality are additional predictors 

of HRQoL among patients with type 2 diabetes [14,16,17], and so these aspects were included in  

our analyses. 

2.4. Statistical Analysis 

The continuous variables are presented as mean and standard deviation. The categorical variables 

are expressed as percentages. Ordinary least squares (OLS) regression with robust standard errors was 

applied to model EQ-5D index score. Due to the skewed distribution of the EQ-5D data, several 

different methods have been applied to these data in the literature [27–29], but OLS regression is the 

most common. Moreover, it can be argued that from a health economic perspective where HU is the 
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main interest of analysis, OLS with robust standard errors is a valid approach [29]. The linearity of the 

continuous variables was checked using design variables and residual plots. To check gender 

heterogeneities in effect of complications, we estimated gender-specific models and used the suest 

command in STATA 13 (StataCorp LP, College Station, TX, USA) to compare coefficients between 

men and women. This command simultaneously estimate different models at once and combines the 

estimation results into one parameter vector and a simultaneous (co-)variance matrix of the 

sandwich/robust type; its main application is cross-model hypothesis tests. After this, the test 

command is used to get Wald test for equality of coefficients between models. While, in our study the 

same analysis could have been done using interactions terms, but suest avoid to fit a model with twice 

the number of coefficients (an interaction term with gender for all covariates). However, to keep our 

estimates comparable with previous studies and to avoid instability of regression coefficients due to 

low numbers of some diabetes-related complications, we answered the remaining research questions 

using the total sample. Continuous variables were treated as mean-centred values. The Wilcoxon 

matched-pairs signed-rank test was used to compare the median and distribution of the UK and 

Swedish tariffs, and Spearman’s rank correlation was used to examine the consistency between these 

tariffs in their ranking of observed health states. 

3. Results  

3.1. Descriptive Statistics 

The mean age at diagnosis was 56.5 (±9.4) and the mean duration of diabetes was 9.5 (±7.1) years. 

Table 1 presents sample characteristics divided by gender.  

Table 1. Patients’ demographic and clinical characteristics divided by sex. 

Variable  Men Women 

N 997 760 
Age at diagnosis, years 55.65 ± 9.04 57.66 ± 9.75 
Diabetes duration, years 9.94 ± 7.30 9.02 ± 6.92 
BMI 29.46 ± 4.71 30.16 ± 5.95 
Treatment 

Diet 
OHA 
Insulin ± OHA 

  
12.04 17.76 
36.31 37.37 
51.65 44.87 

History of acute myocardial infarction (%) 13.14 5.92 
History of stroke (%) 7.72 4.87 
History of heart failure (%) 5.42 3.95 
History of non-acute ischaemic heart disease (%) 16.35 8.03 
History of retinopathy (%) 2.31 1.97 
History of kidney problems (%) 2.71 2.63 
History of amputation (%) 0.70 0.53 
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Insulin with or without oral hypoglycaemic agents was the most frequent treatment among both 

women and men. The prevalence of diabetes-related complications was higher among men than among 

women. NAIHD was the most common diabetes-related complication, and amputation was the  

least common. 

The distribution of “some or severe problems” in the EQ-5D attributes is given in Table 2. Among 

the EQ-5D attributes, the highest prevalence of “some or severe problems” was reported in 

pain/discomfort (55.5%) and the lowest in self-care (5.5%). Women reported a higher proportion of 

“some or severe problems” in four out of five attributes of the EQ-5D (p < 0.001). There was no 

gender difference in the proportion rating a negative UK EQ-5D score, signalling a health state worse 

than death (2.0% of men and 1.8% of women; p = 0.81). On the other hand, 41% of men and 25% of 

women reported no problems in any attribute of EQ-5D; that is, UK EQ-5D score = 1 (p < 0.001). 

Table 2. Percentage of respondents with moderate/severe problems in EQ-5D dimensions 

and EQ-5D score. 

EQ-5D Dimension Women Men Total 

Mobility    

Moderate 31.84 26.48 28.80 

Severe 0.26 0.40 0.34 

Self-care     

Moderate 4.21 4.21 4.21 

Severe 0.66 1.81 1.31 

Usual activities    

Moderate 19.61 15.05 17.02 

Severe 1.84 2.41 2.16 

Pain/discomfort    

Moderate 55.79 44.03 49.12 

Severe 7.11 5.82 6.37 

Anxiety/depression    

Moderate 41.97 29.19 34.72 

Severe 3.55 2.71 3.07 

EQ-5D index score (UK tariff) (95%CI) 0.74 (0.72–0.76) 0.79 (0.77–0.80) 0.77 (0.75–0.78) 

EQ-5D index score (Swedish tariff) (95%CI) 0.86 (0.86–0.87) 0.88 (0.88–0.89) 0.88 (0.87–0.88) 

3.2. Regression Analyses 

3.2.1. Pooled Sample Analysis 

When the UK tariff was used in the total sample (Table 3, columns 7 and 8), younger age at 

diagnosis was associated with lower HU scores (marginally significant). BMI had a negative effect on 

HU scores; a BMI increase of 5 units was associated with a decrease of 0.03 in HU. Women had lower 

HU scores than men. Interestingly, Model 1 (pooled events) showed that micro- and macrovascular 

complications had the same negative impact on HU scores. Specific event analysis revealed that 

kidney disorders had the most negative impact on EQ-5D scores in the total sample. 
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Table 3. Factors associated with variation in EQ-5D score: results from the UK tariff. 

Variable 
Women Men Total 

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 

Constant  0.7527 *** 0.7478 *** 0.8357 *** 0.8347 *** 0.8205 *** 0.8167 *** 

Female gender  NA NA NA NA −0.0570 *** −0.0561 *** 

Age at diagnosis  0.0012 0.0012 0.0017 0.0019 * 0.0015 * 0.0015 * 

Diabetes duration −0.0010 −0.0015 −0.0010 −0.0007 −0.0010 −0.0010 

BMI −0.0066 *** −0.0065 *** −0.0054 *** −0.0053 *** −0.0060 *** −0.0060 *** 

History of macrovascular events −0.0488 **  −0.1008 ***  −0.0831 ***  

History of microvascular events −0.1603 ***  −0.0344  −0.0830 **  

AMI history   −0.0032  −0.0345  −0.0220 

Stroke history  −0.0610  −0.1395 ***  −0.1111 *** 

HF history  −0.0506  −0.1049 **  −0.0821 ** 

NAIHD history  −0.0463  −0.0547 **  −0.0516 ** 

Kidney disorders history   −0.2482 ***  −0.0110  −0.1144 ** 

Retinopathy history  0.0026  −0.0304  −0.0119 

Treatment       

Diet (ref)       

OHA 0.0158 0.0210 −0.0210 −0.0209 −0.0014 0.0010 

Insulin ± OHA −0.0046 0.0016 −0.0189 −0.0188 −0.0086 −0.0055 

R-squared 0.06 0.07 0.05 0.06 0.06 0.07 

N 760 760 997 997 1757 1757 

*,**,***: significant at 10%, 5%, and 1%, respectively. 

3.2.2. Multiple Events and Time Since Event 

Table 4 presents the effect of single and multiple events on the UK HU scores in the total sample. 

Model 1 (pooled events) showed no significant differences in HU scores between patients with single 

and multiple events, after controlling for other covariates. However, the event-specific model (Model 2) 

showed that patients with multiple stroke and NAIHD had significantly lower HU than patients with a 

single event. 

3.2.3. Gender-Specific Analysis 

The results of the OLS analysis of UK EQ-5D index scores among women and men are presented in 

Table 3. Model 1 showed that the highest negative effect on HU scores came from history of 

microvascular complications among women and history of macrovascular complications among men. 

Cross-model comparisons of Model 1 showed that the coefficients for micro- and macrovascular 

complications were different among men and women (marginally significant; p = 0.05 for 

microvascular and p = 0.09 for macrovascular complications). Model 2 showed that among women, 

kidney disorders had the highest negative effect on HU and none of the macrovascular complications 

were significantly associated with HU. On the other hand, among men, stroke had the highest negative 

effect on HU and there were no significant associations between microvascular complications and HU 

scores. Across Model 2, the estimates on kidney disorders were significantly different among men and 

women (p = 0.01). Neither model showed any significant differences in HU scores among patients in 

different treatment groups. 
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Table 4. Effect of single and multiple events on EQ-5D score: results from the UK tariff. 

Variable  
Model 1 Model 2 

Coefficients a Equality of coefficients b Coefficients a Equality of coefficients b

Macrovascular events     

No (ref)     

Single  −0.0555 ** 0.47   

Multiple  −0.1008 ***    

Microvascular events     

No (ref)     

Single  −0.0608 0.11   

Multiple  −0.1055 **    

AMI     

No (ref)     

Single    −0.0205 0.96 

Multiple    −0.0230  

Stroke      

No (ref)     

Single    −0.0797 *** 0.06 

Multiple    −0.2617 ***  

NAIHD     

No (ref)     

Single    −0.0021 0.04 

Multiple    −0.0756 ***  

**,***: significant at 5%, and 1%, respectively. a Additionally adjusted for gender, age at diagnosis, BMI, duration of 

diabetes, treatment, history of heart failure, retinopathy, and kidney disorders. b We used the test command in STATA to 

check if the estimated coefficients were significantly different.  

We also examined whether the effect of complications on HU varied with time since event (Table S2 

in Supplementary Material). In Models 1 and 2, where we only included patients with a history of 

complications, we found that each year elapsed since micro- and macrovascular complications was 

associated with an increase in HU scores of 0.013 and 0.007 units, respectively. On the other hand, in 

the total sample (Models 3 and 4), we found that except for HF, HU scores did not change with time 

since event.  

3.3. Application of the Swedish Tariff 

The mean (median) UK and Swedish EQ-5D scores were 0.77 (0.80) and 0.88 (0.91), respectively. 

We observed 75 health states out of 243 possible health states among our study sample. There were 

significant differences between tariffs regarding mean, median, and distribution (p < 0.001). However, 

Spearman’s rank correlation between the UK and Swedish tariffs in ranking observed health states was 

high (p = 0.87; p < 0.001).  

Tables S3 to S5 in the Supplementary Material show the results of regression analysis on the 

Swedish EQ-5D score. While the magnitudes of the estimated coefficients were smaller than the UK 

tariff estimates, the directions of associations were similar. The main differences when applying the 

Swedish tariff were that stroke was a significant predictor among women (Table S1, column 4); there 

was no gender-heterogeneity in the effect of macrovascular complications on HU scores across Model 1; 
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the rank of complications in term of utility decrement was different (e.g., the greatest decline in HU 

score was associated with stroke using the Swedish tariff and kidney disorders using the UK tariff); 

and the estimate on microvascular complications in Model 2 of Table S3 was no longer statistically 

significant.  

4. Discussion 

To assist cost-utility analyses for type 2 diabetes in Sweden, we estimated HU scores for a range of 

diabetes-related complications using data collected from a large cross-sectional sample in the Swedish 

National Diabetes Register (NDR). As expected, history of diabetes-related complications was 

associated with lower HU scores after controlling for other clinical and demographic covariates.  

In addition, we found heterogeneities in the effect of diabetes-related complications on HU scores in 

terms of gender, multiple events, and time since event. Applying the UK and Swedish tariffs resulted 

in discrepant estimates, meaning that different HU decrements would be used in cost-utility analyses 

which potentially might lead to divergent funding decisions. 

The effects of diabetes-related complications on HU scores differed between men and women. 

Generally, there was more negative effect of microvascular complications among women and 

macrovascular complications among men. Previous studies have also reported heterogeneity in 

response to health measures depending on the respondents’ personal characteristics including  

gender [30–32]. This indicates that men and women respond differently to factors related to their 

health; this should be noted by clinicians, policy-makers, and researchers, and should be taken into 

account in economic evaluations of interventions.  

The more profound effect of multiple events compared with a single event for stroke and NAIHD 

implies that separating the first and subsequent events instead of pooling them as history of events 

would improve the accuracy of health economic simulation models. For example, if intervention A is 

more effective than intervention B for preventing the occurrence of multiple stroke events, then if an 

assessment fails to distinguish between number of events as predictors of HU, it will underestimate the 

value in QALY gains of intervention A and the results will be biased in favour of intervention B, all 

else being equal.  

We found that the HU decrement associated with micro- and macrovascular complications 

diminished over time among patients with a history of complications. This finding was expected, as it 

is believed that these events have a large detrimental effect on HRQoL during the time immediately 

following the event [33]. These results should be interpreted with caution, as the sample sizes for these 

analyses were low, especially for microvascular events. However, in the total sample, in line with 

results from the UKPDS 62 study [17], we found that the effect of complications on HU generally did 

not change with time since event. Further analyses in large samples of type 2 diabetes patients with a 

history of complications are required to better explain the effects of these complications on HU  

over time.  

Our results and knowledge from previous studies suggest that BMI has both a direct effect on HU in 

patients with type 2 diabetes and an indirect effect through its effect on developing diabetes-related 

complications. The HU decrement associated with a 5-unit difference in BMI was 60% (UK tariff) and 
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54% (Swedish tariff) of the effect of a NAIHD event. The estimated HU decrement per unit of BMI in 

our study (0.0060) was similar to estimates from previous studies (0.0061 and 0.0065) [16,34].  

The mean UK EQ-5D index for patients with no complications (0.79) was similar to the value 

reported in the UKPDS 62 study (0.79) [17], but lower than the value reported for people with type 2 

diabetes in Norway (0.85) [35]. On the other hand, the mean UK EQ-5D index for patients with 

complications in our study (0.70) was comparable to the value reported in both UKPDS 62 [17] and 

Norwegian studies [35] (0.73). In comparison with the Swedish general population [36], while the 

mean UK EQ-5D index was numerically lower in our study (0.77 vs. 0.84), these values approached 

each other with increasing age. When we used the Swedish tariff, these figures were 0.89 for patients 

with no complications and 0.84 for patients with complications, implying that the Swedish tariff 

resulted in significantly higher HU scores than the UK tariff. 

The range of HU decrement for complications in the total sample varied from 0.012 to 0.114 using 

the UK tariff and from 0.010 to 0.059 using the Swedish tariff. Our estimates using the UK tariff were 

similar to previous studies in Canada (range: 0.046–0.102) [15] and the USA (range: 0.012–0.108) [14]. 

Despite this similarity in range of HU decrement, the estimated HU scores for specific complications 

in our study differed from previous studies. Differences in sample characteristics, clinical setting, 

range of complications included in the study, and methods for statistical analysis might have 

contributed to disparities in HU scores.  

Differences between the estimates from the Swedish and UK tariffs were likely due to the lower 

spread of the Swedish tariff. Discrepancy in rating approach (experienced health in the Swedish tariff 

vs. hypothetical health in the UK tariff) might be one reason for the difference in the observed range of 

HU scores. Previous studies have generally reported that the experienced health approach resulted in 

higher values than the hypothetical health approach [37,38]. Failure to rate the same health state, to 

have different measuring rods, and patient adaptation to a health state are among the main factors 

contributing to these discrepancies [39]. In line with a previous study [40], we found that with the 

hypothetical health approach, self-care and pain/discomfort were the most important attributes and 

usual activities was the least important. Conversely, with the experienced health approach, usual 

activity was the most important attribute and self-care was the least important. While these differences 

did not have a significant effect on the direction of the association between HU scores and 

complications, it is expected that the lower spread of the Swedish tariff will lead to smaller effect 

differences and in turn larger incremental cost-utility ratios in cost-utility analyses, implying less  

cost-effective interventions [41].  

The availability of longitudinal data on diabetes-related complications from register data for a large 

sample of people with type 2 diabetes is a major strength of the current study, compared with previous 

studies which used self-reported data prone to recall bias. In addition, this data gave us the opportunity 

to investigate the effects of multiple events and time since event on patients’ HU, which many 

previous studies did not examine due to lack of relevant data. Furthermore, to our knowledge, this is 

one of the earliest applications of the Swedish tariff to estimate HU decrement in a Swedish sample. 

Providing estimates based on both the UK and the Swedish tariff makes it easier to conduct sensitivity 

analysis in future cost-utility analyses, as recommended by the Dental and Pharmaceutical Benefits 

Agency (TLV) in Sweden.  
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The results of this study should be interpreted in light of some limitations. Firstly, we measured  

HU scores with the EQ-5D, which according to previous studies might not be able to discriminate 

between complications or treatment modality in a diabetes context [42,43]. For example, 

Kontodimopoulos et al. [43] found that EQ-5D could not discriminate between patients with and 

without diabetic retinopathy. This might partly explain the non-significant impact of some 

complications in our study. Secondly, it is believed that severity of diabetes-related complications has 

an important effect on patients’ HU [44]. We were not able to control for this, due to lack of data; this 

might be another reason for the lack of significant effect of certain complications (e.g., MI) on HU in 

our study. Thirdly, we did not control for some other comorbidities, again due to lack of data. Fourthly, 

the EQ-5D data were collected using a mail survey that is prone to selection bias when the response is 

not complete (e.g., healthier patients responded to the questionnaire). However, the 65% response rate 

was a reasonable one to investigate our research questions. Finally, this was a cross-sectional study, 

and so no causal inference should be drawn from the results.  

5. Conclusions 

We have estimated HU scores for a range of demographic and clinical features of patients with type 

2 diabetes. As expected, diabetes-related complications were associated with lower HU scores. We found 

evidence suggesting presence of heterogeneities in association between a number of diabetes-related 

complications and HU scores in terms of gender, multiple event and time since event. We suggest that 

these heterogeneities should be further investigated in studies with larger sample sizes as capturing 

these heterogeneities might improve the precision of cost-utility analyses in health care. In addition, 

using these HU weights may assist informed decisions by policy-makers in Sweden. Applying 

estimates from the Swedish tariff could result in less cost-effective interventions compared with the 

UK tariff, due to its lower spread. Using diabetes-specific measures alongside EQ-5D and evaluating 

HU at multiple points in time are topics for future studies.  

Acknowledgments 

Aliasghar A. Kiadaliri received funds from the Health Ministry of Iran to perform this research as a 

part of his Ph.D. thesis. The Health Economics Programme (HEP) at Lund University receives core 

funding from FAS (dnr. 2006-1660), a Government Grant for Clinical Research (ALF) and the Skane 

Region (Ulf-G. Gerdtham). 

Author Contributions 

Aliasghar A. Kiadaliri participated in the design of the study; Aliasghar A. Kiadaliri, Ulf-G 

Gerdtham and Katarina Steen Carlsson participated in analysis and interpretation and drafting the 

manuscript; Björn Eliasson, Soffia Gudbjörnsdottir and Ann-Marie Svensson participated in 

acquisition the data and drafting the manuscript. All authors read and approved the final manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest.  



Int. J. Environ. Res. Public Health 2014, 11 4950 

 

References  

1. Whiting, D.R.; Guariguata, L.; Weil, C.; Shaw, J. IDF diabetes atlas: Global estimates of the 

prevalence of diabetes for 2011 and 2030. Diabetes Res. Clin. Pract. 2011, 94, 311–321. 

2. Cheng, D. Prevalence, predisposition and prevention of type II diabetes. Nutr. Metab. (Lond.) 

2005, 2, 29, doi:10.1186/1743-7075-2-29. 

3. Booth, G.L.; Kapral, M.K.; Fung, K.; Tu, J.V. Relation between age and cardiovascular disease in 

men and women with diabetes compared with non-diabetic people: A population-based 

retrospective cohort study. Lancet 2006, 368, 29–36. 

4. Coresh, J.; Astor, B.C.; Greene, T.; Eknoyan, G.; Levey, A.S. Prevalence of chronic kidney 

disease and decreased kidney function in the adult us population: Third national health and 

nutrition examination survey. Am. J. Kidney Dis. 2003, 41, 1–12. 

5. Sarwar, N.; Gao, P.; Seshasai, S.R.; Gobin, R.; Kaptoge, S.; Di Angelantonio, E.; Ingelsson, E.; 

Lawlor, D.A.; Selvin, E.; Stampfer, M.; et al. Diabetes mellitus, fasting blood glucose 

concentration, and risk of vascular disease: A collaborative meta-analysis of 102 prospective 

studies. Lancet 2010, 375, 2215–2222. 

6. Fox, C.S.; Pencina, M.J.; Wilson, P.W.; Paynter, N.P.; Vasan, R.S.; D’Agostino, R.B., Sr. 

Lifetime risk of cardiovascular disease among individuals with and without diabetes stratified by 

obesity status in the framingham heart study. Diabetes care 2008, 31, 1582–1584. 

7. Ahmad Kiadaliri, A.; Gerdtham, U.G.; Nilsson, P.; Eliasson, B.; Gudbjornsdottir, S.;  

Carlsson, K.S. Towards renewed health economic simulation of type 2 diabetes: Risk equations 

for first and second cardiovascular events from swedish register data. PloS One 2013, 8, e62650, 

doi:10.1371/journal.pone.0062650. 

8. Mulnier, H.E.; Seaman, H.E.; Raleigh, V.S.; Soedamah-Muthu, S.S.; Colhoun, H.M.;  

Lawrenson, R.A. Mortality in people with type 2 diabetes in the UK. Diabet Med. 2006, 23,  

516–521. 

9. Gu, K.; Cowie, C.C.; Harris, M.I. Mortality in adults with and without diabetes in a national 

cohort of the U.S. population, 1971–1993. Diabetes Care 1998, 21, 1138–1145. 

10. Grandy, S.; Fox, K.M. Change in health status (EQ-5D) over 5 years among individuals with and 

without type 2 diabetes mellitus in the shield longitudinal study. Health Qual. Life Outcomes 2012, 

10, 99, doi:10.1186/1477-7525-10-99. 

11. Al-Shehri, A.H.; Taha, A.Z.; Bahnassy, A.A.; Salah, M. Health-related quality of life in type 2 

diabetic patients. Ann. Saudi. Med. 2008, 28, 352–360. 

12. Kiadaliri, A.A.; Najafi, B.; Mirmalek-Sani, M. Quality of life in people with diabetes:  

A systematic review of studies in Iran. J. Diabetes Metab. Disord. 2013, 12, 54, 

doi:10.1186/2251-6581-12-54. 

13. Oliva, J.; Fernandez-Bolanos, A.; Hidalgo, A. Health-related quality of life in diabetic people with 

different vascular risk. BMC Public Health 2012, 12, 812, doi:10.1186/1471-2458-12-812. 

14. Zhang, P.; Brown, M.B.; Bilik, D.; Ackermann, R.T.; Li, R.; Herman, W.H. Health utility scores 

for people with type 2 diabetes in U.S. Managed care health plans: Results from translating 

research into action for diabetes (triad). Diabetes Care 2012, 35, 2250–2256. 



Int. J. Environ. Res. Public Health 2014, 11 4951 

 

15. O’Reilly, D.J.; Xie, F.; Pullenayegum, E.; Gerstein, H.C.; Greb, J.; Blackhouse, G.K.;  

Tarride, J.E.; Bowen, J.; Goeree, R.A. Estimation of the impact of diabetes-related complications 

on health utilities for patients with type 2 diabetes in Ontario, Canada. Qual. Life Res 2011, 20, 

939–943. 

16. Bagust, A.; Beale, S. Modelling euroqol health-related utility values for diabetic complications 

from code-2 data. Health Econ. 2005, 14, 217–230. 

17. Clarke, P.; Gray, A.; Holman, R., Estimating utility values for health states of type 2 diabetic 

patients using the EQ-5D (UKPDS 62). Med. Decis. Making 2002, 22, 340–349. 

18. Ragnarson Tennvall, G.; Apelqvist, J. Health-related quality of life in patients with diabetes 

mellitus and foot ulcers. J. Diabetes Complications 2000, 14, 235–241. 

19. Ekstrom, W.; Al-Ani, A.N.; Saaf, M.; Cederholm, T.; Ponzer, S.; Hedstrom, M. Health related 

quality of life, reoperation rate and function in patients with diabetes mellitus and hip fracture— 

A 2 year follow-up study. Injury 2013, 44, 769–775. 

20. Hanberger, L.; Ludvigsson, J.; Nordfeldt, S. Health-related quality of life in intensively treated 

young patients with type 1 diabetes. Pediatr. Diabetes 2009, 10, 374–381. 

21. Wandell, P.E.; Tovi, J. The quality of life of elderly diabetic patients. J. Diabetes Complications 

2000, 14, 25–30. 

22. Wandell, P.E.; Brorsson, B.; Aberg, H. Quality of life among diabetic patients in Swedish primary 

health care and in the general population: Comparison between 1992 and 1995. Qual. Life Res. 

1998, 7, 751–760. 

23. Dolan, P.; Gudex, C.; Kind, P.; Williams, A. The time trade-off method: Results from a general 

population study. Health Econ. 1996, 5, 141–154. 

24. Burstrom, K.; Sun, S.; Gerdtham, U.G.; Henriksson, M.; Johannesson, M.; Levin, L.A.;  

Zethraeus, N. Swedish experience-based value sets for EQ-5D health states. Qual. Life Res. 2014, 

23, 431–442. 

25. Gudbjornsdottir, S.; Cederholm, J.; Nilsson, P.M.; Eliasson, B. The national diabetes register in 

sweden: An implementation of the St. Vincent declaration for quality improvement in diabetes 

care. Diabetes care 2003, 26, 1270–1276. 

26. Brooks, R. Euroqol: The current state of play. Health Policy 1996, 37, 53–72. 

27. Li, L.; Fu, A. Some methodological issues with the analysis of preference-based EQ-5D index 

score. Health Serv. Outcomes Res. Method. 2009, 9, 162–176. 

28. Huang, I.C.; Frangakis, C.; Atkinson, M.J.; Willke, R.J.; Leite, W.L.; Vogel, W.B.; Wu, A.W. 

Addressing ceiling effects in health status measures: A comparison of techniques applied to 

measures for people with HIV disease. Health Serv. Res. 2008, 43, 327–339. 

29. Pullenayegum, E.M.; Tarride, J.E.; Xie, F.; Goeree, R.; Gerstein, H.C.; O’Reilly, D. Analysis of 

health utility data when some subjects attain the upper bound of 1: Are tobit and clad models 

appropriate? Value Health 2010, 13, 487–494. 

30. Shmueli, A. Reporting heterogeneity in the measurement of health and health-related quality of 

life. Pharmaco. Economics 2002, 20, 405–412. 

31. Jylha, M.; Guralnik, J.M.; Ferrucci, L.; Jokela, J.; Heikkinen, E. Is self-rated health comparable 

across cultures and genders? J. Gerontol. B Psychol. Sci. Soc. Sci. 1998, 53, S144–S152. 



Int. J. Environ. Res. Public Health 2014, 11 4952 

 

32. Bonsergent, E.; Benie-Bi, J.; Baumann, C.; Agrinier, N.; Tessier, S.; Thilly, N.; Briancon, S. 

Effect of gender on the association between weight status and health-related quality of life in 

adolescents. BMC Public Health 2012, 12, 997, doi:10.1186/1471-2458-12-997. 

33. Ara R, B.J. Health Related Quality of Life by Age, Gender and History of Cardiovascular Disease: 

Results from the Health Survey for England; Health Economics and Decision Science, University 

of Sheffield: Sheffield, UK, 2009. 

34. Hunger, M.; Schunk, M.; Meisinger, C.; Peters, A.; Holle, R. Estimation of the relationship 

between body mass index and EQ-5D health utilities in individuals with type 2 diabetes: Evidence 

from the population-based kora studies. J. Diabetes Complications 2012, 26, 413–418. 

35. Solli, O.; Stavem, K.; Kristiansen, I.S. Health-related quality of life in diabetes: The  

associations of complications with EQ-5D scores. Health Qual. Life Outcomes 2010, 8, 18, 

doi:10.1186/1477-7525-8-18. 

36. Burstrom, K.; Johannesson, M.; Diderichsen, F. Swedish population health-related quality of life 

results using the EQ-5D. Qual. Life Res. 2001, 10, 621–635. 

37. Boyd, N.F.; Sutherland, H.J.; Heasman, K.Z.; Tritchler, D.L.; Cummings, B.J. Whose utilities for 

decision analysis? Med. Decis. Making 1990, 10, 58–67. 

38. De Wit, G.A.; Busschbach, J.J.; De Charro, F.T. Sensitivity and perspective in the valuation of 

health status: Whose values count? Health Econ. 2000, 9, 109–126. 

39. Ubel, P.A.; Loewenstein, G.; Jepson, C. Whose quality of life? A commentary exploring 

discrepancies between health state evaluations of patients and the general public. Qual. Life Res. 

2003, 12, 599–607. 

40. Rand-Hendriksen, K.; Augestad, L.A.; Kristiansen, I.S.; Stavem, K. Comparison of hypothetical 

and experienced EQ-5D valuations: Relative weights of the five dimensions. Qual. Life Res. 2012, 

21, 1005–1012. 

41. Norman, R.; Cronin, P.; Viney, R.; King, M.; Street, D.; Ratcliffe, J. International comparisons in 

valuing EQ-5D health states: A review and analysis. Value Health 2009, 12, 1194–1200. 

42. Sakamaki, H.; Ikeda, S.; Ikegami, N.; Uchigata, Y.; Iwamoto, Y.; Origasa, H.; Otani, T.; Otani, Y. 

Measurement of hrql using EQ-5D in patients with type 2 diabetes mellitus in Japan. Value Health 

2006, 9, 47–53. 

43. Kontodimopoulos, N.; Pappa, E.; Chadjiapostolou, Z.; Arvanitaki, E.; Papadopoulos, A.A.; 

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, 111–120. 

44. Luscombe, F.A. Health-related quality of life measurement in type 2 diabetes. Value Health 2000, 

3 (Suppl. 1), 15–28. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


