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Abstract 

Background  This study aimed to synthesize and quantitatively examine Health State Utility Values (HSUVs) for Type 2 
Diabetes Mellitus (T2DM) and its complications, providing a robust meta-regression framework for selecting appropri-
ate HSUV estimates.

Method  We conducted a systematic review to extract HSUVs for T2DM and its complications, encompassing various 
influencing factors. Relevant literature was sourced from a review spanning 2000-2020, supplemented by literature 
from PubMed, Embase, and the Web of Science (up to March 2024). Multivariate meta-regression was performed 
to evaluate the impact of measurement tools, tariffs, health status, and clinical and demographic variables on HSUVs.

Results  Our search yielded 118 studies, contributing 1044 HSUVs. The HSUVs for T2DM with complications varied, 
from 0.65 for cerebrovascular disease to 0.77 for neuropathy. The EQ-5D-3L emerged as the most frequently employed 
valuation method. HSUV differences across instruments were observed; 15-D had the highest (0.89), while HUI-3 had 
the lowest (0.70) values. Regression analysis elucidated the significant effects of instrument and tariff choice on HSUVs. 
Complication-related utility decrement, especially in diabetic foot, was quantified. Age<70 was linked to increased 
HSUVs, while longer illness duration, hypertension, overweight and obesity correlated with reduced HSUVs.

Conclusion  Accurate HSUVs are vital for the optimization of T2DM management strategies. This study provided 
a comprehensive data pool for HSUVs selection, and quantified the influence of various factors on HSUVs, informing 
analysts and policymakers in understanding the utility variations associated with T2DM and its complications.
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Introduction
Health state utility values (HSUVs) quantify the degree of 
preference for a particular health state [1]. In the model-
based economic evaluations, the acquisition of precise 
HSUVs for various health states is crucial. HSUVs are 
utilised to integrated survival time and quality of life into 
Quality Adjusted Life Years (QALYs), which are integral 
to the evidence base in pharmacoeconomic analyses [2]. 
These values can be gauged through direct or indirect 
methods, with the resulting figures needing to be aligned 
with a standard value tariff derived from the general pop-
ulation to determine the equivalent HSUVs. The choice 
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Based on this notion, Wang et al. [11] conducted a sys-
tematic review and meta-regression to examine the asso-
ciation between health state utility values (HSUVs) and 
factors such as age, health status, treatments received, 
and timing of utility measurements. Age was used as an 
independent variable to assess its impact on HSUV in 
older women diagnosed with breast cancer. The study 
found that the mean HSUV declines as health status 
worsens, with age playing a significant role in determin-
ing health utility values in this population. Specifically, 
the study reported a decrease in breast cancer-specific 
utility of -0.001 per one-year increase in age (95% CI: 
-0.004, 0.002). This work highlights the effectiveness of 
meta-regression in exploring the relationships between 
patient demographics, treatment variables, and HSUV, 
and it serves as a methodological model for our cur-
rent study. The purpose of this systematic review was 
to consolidate and quantitatively analyse through meta-
regression the HSUVs associated with T2DM and its 
complications. The aim was to ascertain statistical asso-
ciations and devise a statistical model [11, 12] that will 
enable analysts to select health utility value estimates that 
are most pertinent to their specific policy or clinical deci-
sion-making contexts.

Method
The systematic review aimed to identify previously pub-
lished studies reporting HSUVs for T2DM and its com-
plications according to the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA 
2020) [13]. The protocol was PROSPERO-registered 
(CRD42023432948).

Inclusion and exclusion criteria
Eligibility for inclusion required articles to (1) report 
health state utility values (HSUVs) of T2DM; (2) use 
either direct or indirect methods for HSUVs assess-
ment of the participants; (3) be published in the Eng-
lish language. Articles were excluded for the following 
reasons: (1) Inclusion of participants who were preg-
nant or diagnosed with gestational diabetes. (2) Lack 
of separate reporting for T1DM and T2DM. (3) Docu-
ment participants’ health status without corresponding 
utility value estimations. (4) Studies that do not involve 
original human research, including reviews, reports, con-
ference proceedings, and guidelines. (5) Non-English 
publications.

Literature search
The search for studies adhering to our inclusion criteria 
was conducted  in two distinct phases. Initially, studies 
published from January 2000 to April 2020 were identi-
fied from the systematic review by Redenz et al. (2023) [8]  

of measurement instruments and value sets can signifi-
cantly influence HSUVs. Moreover, patient demograph-
ics, the treatments, and the distinct health outcomes 
associated with different complications are key factors 
that influence HSUVs. Research indicates that 36% of 
the HSUVs cited in existing literature have to be adjusted 
due to a lack of clarity; variables such as age, sex, and side 
effects can markedly affect the magnitudes of HSUVs [3]. 
Thus, the careful selection of HSUVs is pivotal in dimin-
ishing uncertainty within economic modelling.

The prevalence of type 2 diabetes (T2DM) is extensive 
[4], serving as a principal catalyst for global mortality 
rates [5]. As T2DM progresses, it often gives rise to mul-
tiple complications that can significantly degrade quality 
of life and may even result in mortality [6, 7]. This wide-
spread condition consequently incurs substantial health 
resource utilisation. The tension between this immense 
financial strain and constrained healthcare resources 
necessitates that health systems perform health technol-
ogy appraisals, particularly economic evaluations, for 
therapeutic agents, including the evaluation of new med-
ications that are continuously introduced. Such evalu-
ations are vital for the judicious distribution of societal 
resources and for extending benefits to a broader patient 
demographic. This underscores the necessity for the judi-
cious selection of HSUVs for T2DM patients across dif-
ferent health states.

The research concerning the HSUVs of diabetes is 
densely populated with studies. Among these, the sys-
tematic review by Redenz et  al. [8] assessed HSUVs of 
T2DM and its complications, summarising how com-
plications, evaluative methodologies, and national back-
grounds could influence outcomes. Mok et al. [9] built a 
suite of reference sets specifically for T2DM complica-
tions in East and Southeast Asia, attributing independ-
ent variables in study results to nationality, assessment 
instruments, and value sets. Jing et  al. [10] found that 
several factors including physical activity, glucose moni-
toring frequency, co-morbidities or co-existing condi-
tions such as hypertension, duration of diabetes, dietary 
patterns involving red meat, and mental health factors 
like depression, contributed to the variability in HSUVs 
for individuals with T2DM. While these investigations 
have recognised that patient characteristics, complica-
tions, nationality, reference sets, and assessment instru-
ments bear upon the average health utility value, they 
have not quantified the statistical association between 
these diverse factors and HSUVs, nor have they offered 
concrete guidance for selecting HSUVs for T2DM in vari-
ous decision-making contexts. Our research will build on 
these studies to further clarify the association between 
these factors and HSUVs of T2DM and provide guidance 
on choosing the proper HSUVs for the future.
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and its related journal articles. This review comprehen-
sively identified T2DM and its complications’ HSUVs 
measured using preference-based instruments (such 
as Standard-Gamble (SG), Time Trade-Off (TTO), the 
Health Utilities Index mark 3 (HUI-3),  the Three-Level 
EuroQol Five-Dimensional Questionnaire (EQ-5D-3L) 
and the Five-Level EuroQol Five-Dimensional Question-
naire (EQ-5D-5L)) through three steps: (1) structured 
search in electronic databases including MEDLINE and 
Cochrane Library; (2) a  free-term search in the School 
of Health and Related Research Health Utilities Data-
base (ScHARRHUD); (3) a  complementary search from 
the references of previously published systematic review 
and journal articles. This study shared similar inclusion 
and exclusion criteria as well as search strategies to those 
used in the review by Redenz et al. (2023) [8]. To ensure 
comprehensive coverage of the literature, we searched 
mainstream medical databases. Given the alignment in 
focus, the review by Redenz et al. (2023) [8] served as a 
valuable source for identifying studies reporting T2DM 
HSUV from 2000 to 2020. From this initial collection of 
references, we identified and retrieved studies that uti-
lized direct or indirect instruments to measure HSUV for 
full-text review.

In the second stage, we conducted a comprehensive 
search through PubMed, Embase, and Web of Science 
database using a structured strategy to aggregate all rel-
evant literature on HSUVs for T2DM and its complica-
tions from inception to March 2024. (Supplementary 
Materials Appendix 1 and Appendix 2).

Study selection
Two independent reviewers (YRX & HTS) initially evalu-
ated the titles and abstracts from the electronic data-
base search based on pre-determined inclusion criteria. 
The level of agreement between reviewers was quanti-
fied using intra-class correlation coefficients (ICC) [14]. 
According to the ICC scale, values are interpreted as fol-
lows: below 0.50 indicates poor reliability, 0.50 to 0.75 
suggests moderate reliability, 0.75 to 0.90 reflects good 
reliability, and above 0.90 represents excellent reliability 
[15]. The reviewers (YRX & HTS) assessed the full texts 

of studies that met the eligibility requirements. Any disa-
greements encountered during this phase were resolved   
by consulting a third reviewer (YW) to confirm the final 
selection of studies, ensuring stringent adherence to the 
inclusion and exclusion criteria throughout the review 
process.

Data extraction
All authors have agreed to develop a data extraction table 
beforehand. The data of interest should include the pri-
mary outcome and secondary outcomes. The primary 
outcome included the HSUVs of patients with T2DM and 
their complications [7, 16–18]. The secondary outcomes 
included (i) General characteristics of the patients, includ-
ing gender, age, race, weight, blood pressure, and the 
duration since T2DM diagnosis etc. (ii) Characteristics of 
the study, e.g. the title, author(s), year of the study, coun-
try, country/region of respondents, research objectives, 
study design, sample size, sampling method, inclusion/
exclusion criteria, selection and recruitment of respond-
ents, and any other potential study issues. (iii) Health util-
ity assessment methods, including diagnostic criteria for 
T2DM, instruments used for measuring HSUVs, value 
sets utilized, evaluation standards, statistical approaches.

Quality assessment
Given the absence of established reporting and evalua-
tion criteria for assessing the quality of studies reporting 
HSUVs, it might be inappropriate to select an assessment 
list solely based on the design of the primary study [12, 
19]. Quality assessment of HSUV studies may usefully 
focus on the selection and recruitment of respondents, 
inclusion and exclusion criteria, and the description of 
the background characteristics of the sample population 
from which value is derived [20]. To address this, we have 
extracted four questions (Table 1) from the 17-question 
evaluation tool developed by Nerich et  al. [12, 21, 22] 
(Full appraisal tool in Appendix 3), which are tailored for 
assessing study quality. Zoratti et  al.‘s systematic review 
of HSUV appraisal tools recognises these four items as 
being particularly suited for the critical evaluation of 
HSUV literature in health utility research [23].

Table 1  Four questions for quality appraisal

Appraisal questions extracted from the study by Nerich et al. (2017) [22]

NO Questions

E1 Is an explanation provided for the choice of technique(s) used to elicit HSUVs?

E2 Is a comprehensive description provided of technique(s) used to elicit the obtained HSUVs?

E3 Is an explanation provided for the choice of the population used to elicit HSUVs (i.e., patient, healthcare professional [and 
type], expert, general population)?

E4 Is a comprehensive description provided for the population used to elicit HSUVs (i.e., characteristics, size, and nationality)?
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Data synthesis
We describe the characteristics of the included subjects 
using descriptive statistics and present the key statis-
tics of the HSUVs, including the mean (with standard 
deviation: SD or standard error: SE), median (with inter-
quartile range: IQR), and the range of variation (or 95% 
confidence interval: 95% CI). The study results are pre-
sented in narrative and graphical form, with detailed 
categorization of the T2DM population according to 
different health conditions and instruments. For stud-
ies where SD were not directly given, the missing SD 
were estimated using the mean, sample size, SE, or 95% 
CI, as recommended by the Cochrane Library [24]. We 
attempted to integrate the acquired data using meta-
analysis, but the variability of countries, measurement 
modalities, patient characteristics and characteristics 
of the disease itself made the integrated results highly 
heterogeneous and not directly usable; thus, the HSUVs 
were synthesized through a meta-regression following 
the methodology of Wang et al. (2022) [11] to determine 
the association between HSUVs and various independent 
variables. The large number of values identified for each 
state of T2DM allowed us to synthesize the data using 
meta-regression. We applied a linear regression model, 
with the average HSUV from each study serving as the 
dependent variable. The method was simple, pooled, 
ordinary least squares. Several variables that could 
potentially influence HSUVs were used as independent 
variables, and the rationale for selecting these variables is 
detailed below.

Factors such as complications, instruments, tariffs, 
nationality, and general patient characteristics, includ-
ing hypertension and diabetes duration, could affect the 
measurement and valuation of HSUVs suggested from 
the reviews by MOK et al. [9], Jing et al. [10], and Redenz 
et al. [8]. Additionally, hyperglycaemia [25], the increase 
in body mass index (BMI) [26], and age [27] were con-
sidered significant risk factors for the development 
of T2DM. The analysis incorporated several variables 
that might influence HSUVs: disease health state, util-
ity measurement instrument, valuation tariff, mean age, 
duration of diabetes, blood pressure, and BMI. Variables 
such as disease health state (e.g., T2DM or T2DM with 
cardiovascular disease), utility measurement instruments 
(e.g., EQ-5D-3L or EQ-5D-5L), and valuation tariffs (e.g., 
UK or US) were defined as categorical variables. Due to 
variations in how literature reports on mean age, dia-
betes duration, blood pressure, and BMI as continuous 
variables or intervals, the scarcity of literature on these 
variables was also defined as categorical variables. To 
avoid collinearity among categorical independent vari-
ables, other study characteristics such as the country of 
the study, the study design (clinical trials or observational 

study), and the study population were excluded from the 
meta-regression as independent variables. Treatment 
was also excluded if the treatments were not reported 
precisely.

Given the varying sample sizes and error magnitudes 
associated with each variable, the contributions of indi-
vidual observations to changes in the regression model 
differed. To address this, we assigned more significant 
weight to values from studies with smaller SDs of the 
mean estimate than those with more significant SD. Con-
sequently, we evaluated three regression model specifi-
cations. The first model specification used the estimated 
sample size of each HSUV as a weighting coefficient, rec-
ognizing that not all studies provided. The second speci-
fication employed the reciprocal of the estimated sample 
SD for each HSUV as the weighting coefficient, consider-
ing that studies with more minor SDs provided more reli-
able utility values. The third specification did not include 
any weighting coefficients. We used cluster-robust SEs 
to account for within-study correlations, given that 
some studies contributed multiple HSUVs to the meta-
regression, which were likely to be correlated [28]. The 
coefficient of determination (R²) was used to assess the 
goodness of fit [29]. The meta-regression analysis used 
Stata 18.0 (Stata Corp, College Station, TX) [30].

Results
Selection of studies
Seventy-six eligible articles were identified from the sys-
tematic review by Redenz et  al. [8] and its related jour-
nal articles, and 6392 articles from the database search 
(Fig.  1). 118 studies met the inclusion criteria and were 
included in the systematic review. The inclusion process 
is illustrated in Fig. 1, and the reasons for exclusion are 
shown in Supplementary Appendix  4. The ICC value 
indicated good to excellent reliability between reviewers 
(The ICC between the two reviewers was 0.90).

Study characteristics
1044 HSUVs were collected from 118 manuscripts 
involving over 44 countries and regions (Table  2). Of 
1044 HSUVs, 977 HSUVs reported mean values, of which 
732 HSUVs reported mean values with SD and 245 only 
reported mean HSUVs without SD. 67 HSUVs reported 
median values with interquartile intervals. Of the 977 
HSUVs that reported mean values, 25 health states were 
defined, including 11 complications: T2DM with car-
diovascular diseases (n = 68, n means the number of the 
HSUVs), T2DM with cerebrovascular disease (n = 29), 
T2DM with diabetic foot (n = 9), T2DM with hypoglyce-
mia (n = 22), T2DM with macrovascular disease (n = 5), 
T2DM with microvascular and macrovascular disease 
(n = 6), and T2DM with microvascular disease (n = 10), 
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T2DM with nephropathy (n = 23), T2DM with neuropa-
thy (n = 15), T2DM with peripheral vascular disease 
(n = 16), T2DM with retinopathy (n = 38). The pooled 
HSUVs for T2DM and each complication stratified by 
instrument are presented in Fig.  2. Of the 732 HSUVs 
reporting mean values with SD, 441 reported the HSUVs 
of T2DM with or without complications. The pooled 
HSUVs are presented in Fig. 3.

Of 977 HSUVs, nine different valuation instruments 
were used, with the EQ-5D-3L being the most widely 
used (n = 751), followed by the EQ-5D-5L (n = 122). 
Other instruments such as short-form 6-dimension (SF-
6D) (n = 13), 15-dimension (15-D) (n = 1), SG(n = 2), 
the  HUI mark 2 (HUI-2) (n = 9), HUI-3 (n = 50), feeling 
thermometer (FT) (n = 9), TTO (n = 20), etc. were applied 
less frequently. 31 different tariffs were applied, includ-
ing EQ-5D-3L UK tariff (n = 263), EQ-5D-3L US tariff 
(n = 139), and EQ-5D-3L China tariff (n = 125) being the 
most widely used.

Among the 977 HSUVs, the T2DM without any 
complications (n = 14, mean:0.87; median:0.88; range: 
0.78–0.95) had the highest mean HSUV. In contrast, the 
mean HSUV for patients with T2DM, with or without 
complications, was lower (n = 573, mean:0.80; median: 
0.82; range: 0.39–0.95). For the subset of T2DM with 
complications,  the mean HSUV were reported in the 

manuscripts  (n = 22, mean: 0.65; median: 0.66; range: 
0.52–0.88) [44, 65, 86, 118, 130, 139], which was lower 
than the estimate of the HSUV from all publications for 
T2DM patients with complications (n = 263, mean: 0.72; 
median: 0.72; range: 0.40–0.93). Of these 573 HSUVs, 
compared with HSUVs by EQ-5D-5L (n = 95, mean: 0.83; 
median: 0.83; range: 0.61–0.94) and EQ-5D-3L (n = 418, 
mean: 0.80; median: 0.82; range: 0.39–0.95), those meas-
ured by 15-D (n = 1, mean: 0.89; median: 0.91; SD: 0.09) 
had the highest value, and HUI-3(n = 17, mean: 0.70; 
median: 0.68; range: 0.59–0.86) had the lowest.

By complication, the highest HSUVs were T2DM with 
neuropathy (n = 15, mean: 0.77; median: 0.79; range: 
0.62–0.85), while the lowest HSUVs were T2DM with 
cerebrovascular disease (n = 29, mean: 0.65; median: 
0.67 range: 0.42–0.82). Of 732 HSUVs reported mean 
values with SD, the mean HSUVs of T2DM with com-
plications, T2DM with cerebrovascular disease and 
T2DM with microvascular disease had a decrement of 
0.01. In contrast, the mean HSUVs of T2DM with car-
diovascular diseases had a decrement of 0.02.

Quality assessment
All studies fully or partially addressed the four ques-
tions from the quality appraisal tool, with seventy-five 

Fig. 1  PRISMA flow diagram for selection of studies
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Table 2  Characteristics of identified studies

Author Country Tariff Study period Sample size Instrument

Adibe, M. On, et al. (2013) 
[31]

Nigeria NA not reported 220 HUI-3

Al-Azayzih, A,et al.(2023) 
[32]

Saudi Arabia U.K. 2022.10.1-2022.12.31 491 EQ-5D-3L

Alshayban, D, et al.(2020) 
[33]

Saudi Arabia U.K. 2017.11-2018.4 378 EQ-5D-5L

Ananthesh, L,et al.(2024) 
[34]

India Indian 2022.10-2023.3 329 EQ-5D-5L

Anirudh, M, et al. (2021) 
[35]

India not reported not reported 186 EQ-5D-3L

Arifin, B, et al.(2019) [36] Indonesia Indonesian 2015.11-2017.10 907 EQ-5D-5L

Boye, K. S, et al.(2007) [37] Spain Spain 2005.7-2005.9 294 EQ-5D-3L

Boye, K. S, et al.(2011) [38] U.K. U.K. 2008 151 SG/EQ-5D-3L

Boye, K. S, et al.(2020) [39] International(French/Ger-
men/Italy)

Germany 20,017 − 2021 4242 EQ-5D-5L

Boye, K. S, et al.(2023) [40] International U.K. not reported 5878 EQ-5D-5L

Briggs, A. H, et al.(2017) [41] International, not stated U.K. not reported 16,488 EQ-5D-3L

Browna, G.C, et al. (2000) 
[42]

U.S. NA 1999.1-1999.6 220 TTO

Burström, K,et al.(2001) [43] Sweden U.K. 1998 117 EQ-5D-3L

Butt, M,et al.(2018) [44] Malaysia Malaysian not reported 56 EQ-5D-3L

Chang, K,et al.(2010) [45] China U.K. 2006.10-2007.6 498 EQ-5D-3L

Chen, C. C, et al.(2021) [46] China China 2018.2-2018.5 506 EQ-5D-5L

Chen, S,et al.(2019) [47] China China 2015.11-2017.11 423 EQ-5D-3L

Choi, Y. J, et al.(2011) [48] South Korea Korean 2007.7-2009.12 1240 EQ-5D-3L

Clarke, P,et al.(2002) [49] U.K. U.K. 1996 3192 EQ-5D-3L

Clarke, P. M, et al.(2009) [50] International (Australia, 
New Zealand, and Finland)

U.K./U.S. not reported 7348 EQ-5D-3L

Currie, C. J, et al.(2005) [51] U.K. U.K. 2007 157 EQ-5D-3L

Currie, C. J, et al.(2006) [52] U.K. U.K. not reported 889 EQ-5D-3L

Currie, C. J, et al.(2007) [53] U.K. U.K. not reported 889 EQ-5D-3L

Cvetanovic, G,et al.(2017) 
[54]

Serbia German not reported 269 EQ-5D-3L

Dominguez-Munoz, F. J, 
et al.(2020) [55]

Spain Na not reported 90 15D

Dudzińska, M,et al.(2013) 
[56]

Poland Poland not reported 197 EQ-5D-3L

Dudzińska, M,et al.(2015) 
[57]

Poland Poland not reported 52 EQ-5D-3L

Ekwunife, O. I, et al.(2016) 
[58]

Nigeria Zimbabwe 2014.5-2014.8 226 EQ-5D-3L

Elissen, A. M. J, et al.(2017) 
[59]

Netherland Netherland 2010.11-2013.9 840 EQ-5D-3L

Glasziou, P,et al.(2007) [60] Austarlia U.K./U.S. not reported 975 EQ-5D-3L

Gorter, K,et al.(2008) [61] Netherland Netherland not reported 2042 EQ-5D-3L

Grandy, S,et al.(2008) [62] U.S. U.S. 2004.4-2004-12 3849 EQ-5D-3L

Grandy, S,et al.(2012) [63] U.S. U.S. 2004–2009 1741 EQ-5D-3L

Grandy, S,et al.(2014) [64] International (Bulgaria, 
Czech Republic, Hungary, 
Poland and Sweden)

not reported 2009.2-2011.2 180 EQ-5D-3L

Gu, S. Y, et al.(2020) [65] China China 2017.1-2017.5 802 EQ-5D-3L

Hao, S,et al.(2020) [66] China NA 2016.3 80 TTO

Harris, S,et al.(2014) [67] Canada NA not reported 331 TTO
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Table 2  (continued)

Author Country Tariff Study period Sample size Instrument

Hayes, A,et al.(2016) [68] International (20 high- 
and middle-income 
countries in Australasia, 
Asia, Europe, and North 
America)

U.K./Poland/China/U.S. not reported 11,081 EQ-5D-3L

Hoda, F,et al.(2023) [69] India not reported 2019.12-2020.5 97 EQ-5D-5L

Ishii, H,et al.(2020) [70] Japan Japan 2018.2-2020.1 235 EQ-5D-5L

Jalkanen, K,et al.(2019) [71] Finland U.K. 2015 449 EQ-5D-3L/EQ-5D-5 L

Javanbakht, M,et al.(2012) 
[72]

Iran U.K. not reported 3472 EQ-5D-3L

Jhita, T,et al.(2014) [73] India U.K. 2004–2007 1978 EQ-5D-3L

Kamradt, M,et al.(2017) [74] Germany Europe not reported 404 EQ-5D-3L

Kiadaliri, A. A, et al.(2014) 
[75]

Sweden Sweden/U.K. 2008 1757 EQ-5D-3L

Kiadaliri, A. A, et al.(2015) 
[76]

Sweden Sweden/U.K./U.S./Den-
mark/Germany

2008 1757 EQ-5D-3L

Koekkoek, P. S, et al.(2015) 
[77]

Netherland Netherland 2012.8-2014.9 225 EQ-5D-3L

Konerding, U, et al.(2017) 
[78]

International (England, 
Finland, Germany, Greece, 
Netherlands, Spain)

U.K./Germany/Netherland/
Spain

2011.10-2012.3 1290 EQ-5D-3L

Kuo, S,et al.(2021) [79] China China 2009–2013 2104 EQ-5D-3L

Landy, J,et al.(2002) [80] U.S. NA 1999.12-2000.8 267 TTO

Lane, S,et al.(2014) [81] Canada Na not reported 96 TTO

Laxy, M,et al.(2021) [82] Germany Germany 2016 1072 EQ-5D-5L

Lee, A. J, et al.(2005) [83] U.K. U.K. 2002.1-2004.7 1862 EQ-5D-3L

Lee, W. J, et al.(2012) [84] South Korea Korean 2007.10-2008.1 1072 EQ-5D-3L

Lim, L. L, et al.(2023) [85] International(Mainland 
China, Hong Kong, India, 
Indonesia, Korea, Malaysia, 
the Philippines, Singapore, 
Taiwan, Thailand and Viet-
nam)

UK/China/
Singapore/ Korea/ /Thai-
land/Malaysia

2007.11-2019.12 47,895 EQ-5D-3L

Lui, J. N. M, et al.(2023) [86] China China 2007–2018 19,322 EQ-5D-3L

Maddigan, S. L, et al.(2004) 
[87]

Canada Na not reported 372 HUI-3

Maddigan, S. L, et al.(2006) 
[88]

Canada Na 2000–2001 5134 HUI-3

Malanda, U. L, et al.(2011) 
[89]

U.K. U.K. not reported 40 EQ-5D-3L

Marrett, E,et al.(2009) [90] U.S. U.S. 2007 442 EQ-5D-3L

Matza, L,S, et al.(2024) [91] Japan Japan 2022 138 EQ-5D-5L/TTO

Matza, L. S, et al.(2007) [92] U.K. U.K. 2005.6-2005.8 130 EQ-5D-3 L

Matza, L. S, et al.(2017) [93] U.K. U.K. not reported 209 EQ-5D-3L/EQ-5D-5 L/TTO

Matza, Louis S, et al.(2007) 
[94]

U.K. U.K. 2005.6-2005.8 129 SG/EQ-5D-3L

Mehta, Z,et al.(1999) [95] U.K. U.K. 1992–1997 3104 EQ-5D-3L

Mihevc, M,et al.(2024) [96] Sloveniga Sloveniga 2022.3-9 358 EQ-5D-5L

Modarresnia, L,et al.(2018) 
[97]

Iran not reported 2016 200 EQ-5D-3L

Naïditch, N,et al.(2023) [98] France French 2022.1-2022.2 1520 EQ-5D-5L
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Table 2  (continued)

Author Country Tariff Study period Sample size Instrument

Nauck, M. A, et al.(2019) 
[99]

International (Canada, 
Denmark, Germany, 
Ireland, Italy, Netherlands, 
Spain, Sweden, the United 
Kingdom and the United 
States)

U.K. not reported 3014 EQ-5D-3L

Nazir, S. R, et al.(2017) [100] Pakistan U.K. 2014.10-2015.1 392 EQ-5D-3L

Neumann, A,et al.(2014) 
[101]

Sweden U.K. 2003.1-2012.2 2740 SF-6D

Neuwahl, S. J, et al.(2021) 
[102]

International Na not reported 15,252 HUI-3

O’Shea, M. P, et al.(2015) 
[103]

Ireland U.K. not reported 154 EQ-5D-3L

Pagkalos, E,et al.(2018) 
[104]

Greece U.K. 2015 383 EQ-5D-3L

Pan, C. W, et al.(2014) [105] China China 2014.3-2014.6 289 EQ-5D-3L/EQ-5D-5 L

Pettersson, B,et al.(2010) 
[106]

Sweden U.K. 2009.1-2009.8 412 EQ-5D-3L

Pham, T. B, et al.(2020) [107] Vietnam Vietnam 2019.7 214 EQ-5D-5L

Pinchevsky, Y,et al.(2018) 
[108]

South Africa U.K. 2016.6-2016.10 290 EQ-5D-5L

Pratipanawatr, T,et al.(2019) 
[109]

Thailand U.K. 2013.2-2015.3 202 EQ-5D-3L

Quah, Joanne H. M, et al.
(2011) [110]

Singapore U.K. 2009.1.6-2009.1.12 699 EQ-5D-3L

Raisch, D. W, et al.(2012) 
[111]

Canada and U.S. Canada 2000–2009 2053 SF-6D/HUI-2/HUI-3/FT

Randeree, H,et al.(2013) 
[112]

International U.K. 2009.1-2010.6 1237 EQ-5D-3L

Reaney, M,et al.(2013) [113] International (Belgium, 
Denmark, France, Germany, 
Greece, and Sweden)

U.K. 2008.1-2009.10 2388 EQ-5D-3L

Redekop, W. K, et al.(2002) 
[114]

Netherland U.K. not reported 1136 EQ-5D-3L

Riandini, T,et al.(2018) [115] Singapore Japan 2014.7-2017.4 160 EQ-5D-5L

Ridderstråle, M,et al.(2016) 
[116]

International(Denmark/
Sweden/U.K.)

Na 2014 4060 TTO

Rowen, D,et al.(2019) [117] U.K. U.K. not reported 789 EQ-5D-5L

Sakamaki, H,et al.(2006) 
[118]

Japan Japan 1997–2002 220 EQ-5D-3L

Sakthong, P,et al.(2008) 
[119]

Thailand U.K./U.S./Japan 2007.2-2007.6 303 EQ-5D-3L

Salampessy, B.H, et al.
(2015) [120]

Netherland Netherland 2013 206 EQ-5D-3L

Shao, H,et al.(2019) [121] International(U.S./Canada) Na not reported 8713 HUI-3

Sheu, Wayne H. H, et al.
(2012) [122]

International (China, South 
Korea, Malaysia, Taiwan, 
and Thailand)

U.K. 2007.3-2007.8 2257 EQ-5D-3L

Shi, L,et al.(2014) [123] U.S. U.S. 2008.12.1-2009.11.30 578 EQ-5D-3L

Shim, Y. T, et al.(2012) [124] Singapore U.K. 2009.9-2009.12 282 EQ-5D-3L

Sit, R. W, et al.(2022) [125] China not reported 2021.4-2021.6 329 EQ-5D-3L

Smits, K. P. J, et al.(2018) 
[126]

Netherland Netherland 2012 1035 EQ-5D-3L

Solli, Oddvar, et al.(2010) 
[127]

Norway U.K. 2006 356 EQ-5D-3L
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studies (63.6%) providing detailed reports on these 
aspects. Specifically, 81.3%, 83%, 90.6%, and 98.3% of 
the studies provided thorough reporting on the four 
quality assessment issues. The vast majority (83%) ade-
quately described the measurement instruments used, 
and almost all (98.3%) provided detailed information 
on the characteristics of the study population. Based on 
this quality assessment, these 118 studies were classi-
fied as high-quality (Table 3).

Regression analysis
Table  4 reports the results of the meta-regression 
analyses. The model weighted by sample size had bet-
ter fit goodness (R2 is 0.6238, which is greater than the 
unweighted 0.4316 and SD weighted 0.4537).

In sample size weighted specification, differences 
in the choice of instruments significantly affected the 
HSUVs; SF-6D (0.083, 95%CI: 0.064, 0.101) was esti-
mated to have the highest positive coefficient, while 
FT (-0.139, 95%CI: -0.195, -0.084) had the lowest nega-
tive coefficient. Meanwhile, the variables for tariff had 

a statistically significant (p < 0.05) association with 
the mean HSUV. Based on EQ-5D-3L  UK tariff, the 
EQ-5D-3L  US tariff (0.015, 95%CI: -0.008, 0.038), EQ-
5D-3L Chinese tariff  (0.08, 95%CI: 0.052, 0.107) and 
EQ-5D-3L Japanese tariff  (0.061, 95%CI: -0.003,0.125) 
had positive effect on the mean HSUV, while EQ-5D-5L 
UK tariff  (-0.068, 95%CI: -0.166, 0.03) had negative 
effect. Among these, the state of T2DM with diabetic 
foot (-0.17, 95%CI: -0.192, -0.147) resulted in the larg-
est negative coefficient, while the state of T2DM with-
out complications (0.023, 95%CI: 0.001, 0.046) resulted 
in the biggest positive coefficient.

The regression results for the mean age showed that 
the increments of HSUVs (0.029, 95%CI: -0.055, 0.112 for 
ages 50–60; 0.025, 95%CI: -0.058, 0.108 for ages 60–70) 
aligned with age increasing for the cohort of age less than 
70 years, but this result was not statistically significant. 
While the HSUVs decremented for the duration of ill-
ness exceeding ten years (-0.006, 95%CI: -0.002, 0.008), 
hypertension (-0.025, 95%CI: -0.108, 0.058), overweight 
(-0.088, 95%CI: -0.135, -0.041) and obesity (-0.071, 

Table 2  (continued)

Author Country Tariff Study period Sample size Instrument

Stevens, G. D, et al.(2015) 
[128]

U.S. U.S. not reported 540 EQ-5D-3L

Sullivan, P. W, et al.(2016) 
[129]

U.S. U.S./U.K./France/Spain 2000–2011 20,705 EQ-5D-3L

Sundaram, M,et al.(2009) 
[130]

U.S. U.S. not reported 385 EQ-5D-3L

Tan, M. H. P, et al.(2023) 
[131]

Malaysia Malaysian 2021.9-2022.3 513 EQ-5D-5L

Tang, Z,et al.(2020) [132] China China 2019 277 EQ-5D-5L

Thiel, D. M, et al.(2017) 
[133]

Canada Canada 2011.12-2013.12 1948 EQ-5D-5L

Torre, C,et al.(2019) [134] Portugal Portuguese 2014.11-2015.11 1303 EQ-5D-3L

Tung, T.H, et al.(2005) [135] China Na 2003 372 TTO

Veldwijk, J,et al.(2014) [136] Netherland Netherland not reported 781 EQ-5D-3L

Vexiau, P,et al.(2008) [137] France U.K. 2005.10-2005.12 400 EQ-5D-3L

Wan, E. Y, et al.(2016) [138] China China 2010.10-1012.11 1378 SF-6D

Wang, P,et al.(2016) [139] Singapore Singapore 2012 121 EQ-5D-3L/EQ-5D-5 L

Wang, Y,et al.(2015) [140] Singapore U.K. 2012.7-2012.12 729 EQ-5D-5L

Wasem, J,et al.(2013) [141] Germany European 2009.6-2010.3 2760 EQ-5D-3L

Wexler, D. J, et al.(2006) 
[142]

U.S. U.S. 2001.12-2003.7 909 HUI-3

Yang, W,et al.(2014) [143] International U.K. 2009.1-2010.6 8578 EQ-5D-3L

Yu, M,et al.(2017) [144] U.K. U.K. not reported 300 EQ-5D-5L

Zare, F,et al.(2020) [145] Iran Iran 2019.11-2020.2 717 EQ-5D-5L

Zhang, P,et al.(2012) [146] U.S. U.S. 2000.7-2001.10 7327 EQ-5D-3L

Zhang, P,et al.(2016) [147] U.S. U.K. not reported 5145 SF-6D/HUI-2/HUI-3/FT

Zhang, Y. C, et al.(2020) 
[148]

China China not reported 7081 EQ-5D-3L

NA Not avaliable
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Fig. 2  Utility values for health states stratified by instrument
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Fig. 3  Health state utility values of T2DM by instrument
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Table 3  Quality assessment

Reference E1 E2 E3 E4

1 Adibe, M. On, et al. (2013) [31] complete complete complete complete

2 Al-Azayzih, A,et al.(2023) [32] complete complete complete complete

3 Alshayban, D, et al.(2020) [33] complete complete complete complete

4 Ananthesh, L,et al.(2024) [34] complete complete complete complete

5 Anirudh, M, et al. (2021) [35] partial partial complete complete

6 Arifin, B, et al.(2019) [36] complete complete complete complete

7 Boye, K. S, et al.(2007) [37] complete complete complete complete

8 Boye, K. S, et al.(2020) [39] complete complete complete complete

9 Boye, K. S, et al.(2023) [40] complete complete complete complete

10 Briggs, A. H, et al.(2017) [41] partial complete partial complete

11 Burström, K,et al.(2001) [43] complete complete partial complete

12 Butt, M,et al.(2018) [44] complete complete partial complete

13 Chang, K,et al.(2010) [45] complete complete complete complete

14 Chen, C. C, et al.(2021) [46] complete complete complete complete

15 Chen, S,et al.(2019) [47] partial complete complete complete

16 Choi, Y. J, et al.(2011) [48] complete complete complete complete

17 Clarke, P,et al.(2002) [49] complete complete partial complete

18 Clarke, P. M, et al.(2009) [50] complete complete complete complete

19 Currie, C. J, et al.(2005) [51] complete partial complete complete

20 Currie, C. J, et al.(2006) [52] complete complete complete complete

21 Cvetanovic, G,et al.(2017) [54] complete complete complete complete

22 Dominguez-Munoz, F. J, et al.(2020) [55] complete complete complete complete

23 Dudzińska, M,et al.(2013) [56] complete partial complete complete

24 Dudzińska, M,et al.(2015) [57] complete complete complete complete

25 Ekwunife, O. I, et al.(2016) [58] complete complete complete complete

26 Elissen, A. M. J, et al.(2017) [59] complete complete complete complete

27 Brown, G.C, et al.(2000) [42] complete partial complete complete

28 Glasziou, P,et al.(2007) [60] complete complete partial complete

29 Gorter, K,et al.(2008) [61] complete complete complete complete

30 Grandy, S,et al.(2008) [62] complete complete complete complete

31 Grandy, S,et al.(2012) [63] complete partial complete complete

32 Grandy, S,et al.(2014) [64] complete complete complete complete

33 Gu, S. Y, et al.(2020) [65] complete complete complete complete

34 Harris, S,et al.(2014) [67] complete complete complete complete

35 Hayes, A,et al.(2016) [68] complete complete complete complete

36 Hoda, F,et al.(2023) [69] partial complete complete complete

37 Ishii, H,et al.(2020) [70] complete complete complete complete

38 Jalkanen, K,et al.(2019) [71] complete complete complete complete

39 Javanbakht, M,et al.(2012) [72] complete complete complete complete

40 Jhita, T,et al.(2014) [73] complete complete complete complete

41 Kamradt, M,et al.(2017) [74] complete partial complete complete

42 Kiadaliri, A. A, et al.(2014) [75] complete complete complete complete

43 Kiadaliri, A. A, et al.(2015) [76] complete complete complete partial

44 Koekkoek, P. S, et al.(2015) [77] partial complete complete complete

45 Kuo, S,et al.(2021) [79] complete complete complete complete

46 Landy, J,et al.(2002) [80] complete complete complete partial

47 Lane, S,et al.(2014) [81] complete complete complete complete

48 Laxy, M,et al.(2021) [82] complete complete partial complete

49 Lee, A. J, et al.(2005) [83] complete complete complete complete
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Table 3  (continued)

Reference E1 E2 E3 E4

50 Lee, W. J, et al.(2012) [84] complete complete complete complete

51 Lim, L. L, et al.(2023) [85] complete complete complete complete

52 Lui, J. N. M, et al.(2023) [86] complete complete complete complete

53 Maddigan, S. L, et al.(2004) [87] complete complete complete complete

54 Maddigan, S. L, et al.(2006) complete complete complete complete

55 Malanda, U. L, et al.(2011) partial partial partial complete

56 Marrett, E,et al.(2009) [47] partial partial complete complete

57 Matza, L,S, et al.(2024) [91] complete complete complete complete

58 Matza, L. S, et al.(2007) [92] complete complete complete complete

59 Matza, L. S, et al.(2017) [93] complete complete complete complete

60 Matza, Louis S, et al.(2007) [94] complete complete complete complete

61 Mehta, Z,et al.(1999) [95] complete complete complete complete

62 Mihevc, M,et al.(2024) [96] complete complete complete complete

63 Modarresnia, L,et al.(2018) [97] partial complete complete complete

64 Naïditch, N,et al.(2023) [98] partial complete complete complete

65 Nauck, M. A, et al.(2019) [99] complete partial complete complete

66 Nazir, S. R, et al.(2017) [100] complete complete complete complete

67 Neumann, A,et al.(2014) [101] complete complete complete complete

68 Neuwahl, S. J, et al.(2021) [102] complete complete complete complete

69 O’Shea, M. P, et al.(2015) [103] complete partial complete complete

70 Pagkalos, E,et al.(2018) [104] partial complete complete complete

71 Pan, C. W, et al.(2014) [105] complete complete complete complete

72 Pettersson, B,et al.(2010) [106] partial complete complete complete

73 Pham, T. B, et al.(2020) [107] complete complete complete complete

74 Pinchevsky, Y,et al.(2018) [108] partial complete complete complete

75 Pratipanawatr, T,et al.(2019) [109] complete complete complete complete

76 Quah, Joanne H. M, et al.(2011) [110] complete complete complete complete

77 Raisch, D. W, et al.(2012) [111] complete partial complete complete

78 Randeree, H,et al.(2013) [112] partial complete complete complete

79 Reaney, M,et al.(2013) [113] partial complete complete complete

80 Redekop, W. K, et al.(2002) [114] partial complete partial complete

81 Riandini, T,et al.(2018) [115] complete complete complete complete

82 Ridderstråle, M,et al.(2016) [116] complete complete complete complete

83 Rowen, D,et al.(2019) [117] partial partial complete complete

84 Sakamaki, H,et al.(2006) [118] complete complete complete complete

85 Sakthong, P,et al.(2008) [119] complete complete complete complete

86 Shao, H,et al.(2019) [120] complete complete complete complete

87 Sheu, Wayne H. H, et al.(2012) [122] complete partial complete complete

88 Shi, L,et al.(2014) [123] complete complete partial complete

89 Shim, Y. T, et al.(2012) [124] complete complete complete complete

90 Sit, R. W, et al.(2022) [125] partial partial complete complete

91 Smits, K. P. J, et al.(2018) [126] complete partial complete complete

92 Solli, Oddvar, et al.(2010) [127] complete complete complete complete

93 Stevens, G. D, et al.(2015) [128] complete complete complete complete

94 Sullivan, P. W, et al.(2016) [129] complete complete partial complete

95 Sundaram, M,et al.(2009) [130] complete complete complete complete

96 Tan, M. H. P, et al.(2023) [131] complete complete complete complete

97 Tang, Z,et al.(2020) [132] complete complete complete complete

98 Thiel, D. M, et al.(2017) [133] complete complete complete complete
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95%CI: -0.103, -0.039), although the result for duration 
and hypertension had no statistical significance (p > 0.05).

Discussion
This study provided a valuable set of utility values for 
patients with T2DM to support future economic evalua-
tions and decision-making. We synthesised 118 studies to 
summarise the HSUVs for patients with T2DM and its 11 
complications, and the effects of different measurement 
instruments on HSUVs. In addition, meta-regression 
quantified the disutility associated with disease-related 
complications in patients with T2DM and estimated 
modifiers of HSUVs by controlling for country, selected 
measurement instrument, age, disease duration, blood 
pressure and body mass index. Overall, these estimates 
improved the robustness of the evidence for future qual-
ity-of-life studies and health economic assessments of 
patients with T2DM.

The economic evaluation of diabetes-related interven-
tions relies heavily on HSUVs as an outcome measure of 
the impact of different factors on patients’ quality of life 
[150, 151]. It has become a consensus among health pro-
viders that having complications leads to a reduction in 
the health utility value of patients with T2DM [49, 121], 
and it is therefore important to incorporate this reduc-
tion in HSUVs in economic evaluations to improve the 
robustness of QALY estimates. The influence of other key 

associates such as country, instrument, tariff and general 
patient characteristics such as blood pressure, duration 
of illness, on HSUVs has already been assessed in existing 
studies (MOK et al. [9], Jing et al. [10], and Redenz et al. 
[8]). Our study also included these factors as control vari-
ables to quantify the associations between these variables 
and HSUVs. In addition, possible influences such as age 
and BMI were also included as variables to strengthen 
the model goodness-of-fit. Our meta-regression results 
provided new insights for future studies of T2DM-related 
management decisions by healthcare analysts.

Greenland et al. [152] noted that relying solely on sta-
tistical significance is inadequate for drawing inferences 
or making decisions about associations or effects. Mean-
while, when it comes to utilizing health economic evi-
dence to inform healthcare decision-making, decisions 
are based on the incremental expected costs and health 
benefits of care, irrespective of statistical significance 
[153]. Thus, although there were no statistically signifi-
cant associations between certain variables and HSUVs, 
our analysis quantified the incremental or decremental 
utility values can still be used for healthcare decision-
making. First, the association between HSUVs measur-
ing instruments and quality of life remains controversial. 
Our study suggested that different instruments would 
bring about different degrees of incremental or decre-
mental HSUVs, which was consistent with the findings of 
Redenz et al. [8] and supported by the study of Glasziou 

Table 3  (continued)

Reference E1 E2 E3 E4

99 Torre, C,et al.(2019) [134] complete complete complete complete

100 Veldwijk, J,et al.(2014) [136] partial partial complete complete

101 Vexiau, P,et al.(2008) [137] partial partial complete complete

102 Wan, E. Y, et al.(2016) [138] complete complete complete complete

103 Wang, P,et al.(2016) [139] complete complete complete complete

104 Wang, Y,et al.(2015) [140] complete complete complete complete

105 Wasem, J,et al.(2013) [141] complete complete complete complete

106 Wexler, D. J, et al.(2006) [142] complete complete complete complete

107 Yang, W,et al.(2014) [143] complete partial complete complete

108 Yu, M,et al.(2017) [144] partial complete complete complete

109 Zare, F,et al.(2020) [145] complete complete complete complete

110 Zhang, P,et al.(2012) [146] complete complete complete complete

111 Zhang, P,et al.(2016) [147] complete complete complete complete

112 Zhang, Y. C, et al.(2020) [148] complete complete complete complete

113 Currie, C. J, et al.(2007) [53] partial partial complete complete

114 Hao, S,et al.(2020) [66] complete complete partial complete

115 Salampessy, B.H, et al.(2015) [120] partial partial complete complete

116 Boye, K. S, et al.(2011) [38] complete complete complete complete

117 Konerding, U, et al.(2017) [78] complete complete complete complete

118 Tung, T.H, et al.(2005) [149] complete complete complete complete
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Table 4  Regression models for HSUVs

Variables Estimated coefficient ± 95%CI

No weighted Sample size weighted SD weighted

Coefficient(95%CI) p value Coefficient(95%CI) p value Coefficient(95%CI) p value

Instrument reference: EQ-5D-3L(n = 624)

  EQ-5D-5L(n = 113) 0.088(-0.076, 0.252) 0.291 0.08(-0.019, 0.179) 0.111 0.097(0.025, 0.168) 0.009

  FT(feeling thermometer)(n = 8) -0.097(-0.164, -0.029) 0.005 -0.139(-0.195, -0.084) < 0.001 -0.113(-0.133, -0.093) < 0.001

  SF-6D(n = 12) 0.108(0.017, 0.198) 0.020 0.083(0.064, 0.101) < 0.001 0.1(0.059, 0.141) < 0.001

  TTO(n = 18) -0.011(-0.069, 0.047) 0.712 0.008(-0.053, 0.069) 0.793 0.04(-0.003, 0.084) 0.071

  HUI(n = 50) -0.15(-0.197, -0.103) < 0.001 -0.134(-0.196, -0.071) < 0.001 -0.15(-0.2, -0.101) < 0.001

  Other(n = 3) -0.021(-0.136, 0.094) 0.718 -0.056(-0.149, 0.038) 0.238 -0.005(-0.084, 0.074) 0.904

Tariff reference: UK(3 L)(n = 229)

  UK(EQ-5D-5L)(n = 33) -0.031(-0.197, 0.135) 0.712 -0.068(-0.166, 0.03) 0.174 -0.065(-0.129, 0) 0.049

  UK(SF-6D)(n = 3) -0.103(-0.228, 0.022) 0.106 -0.107(-0.128, -0.085) < 0.001 -0.115(-0.156, -0.074) < 0.001

  US(EQ-5D-3L)(n = 105) 0.031(0.012, 0.049) 0.001 0.015(-0.008, 0.038) 0.193 0.029(-0.015, 0.072) 0.191

  Canada(SF-6D)(n = 6) -0.199(-0.309, -0.09) < 0.001 -0.201(-0.22, -0.182) < 0.001 -0.204(-0.248, -0.161) < 0.001

  Canada(EQ-5D-3L)(n = 1) -0.059(-0.281, 0.164) 0.605 -0.081(-0.177, 0.015) 0.097 -0.071(-0.127, -0.015) 0.014

  China(EQ-5D-3L)(n = 105) 0.047(0.028, 0.067) < 0.001 0.08(0.052, 0.107) < 0.001 0.036(-0.033, 0.105) 0.304

  China(EQ-5D-5L)(n = 11) 0.024(-0.146, 0.194) 0.783 0.023(-0.075, 0.121) 0.646 0.009(-0.049, 0.067) 0.748

  Denmark(EQ-5D-3L)(n = 19) 0.036(-0.001, 0.072) 0.057 0.02(-0.01, 0.049) 0.185 0.023(-0.017, 0.063) 0.252

  Europe(EQ-5D-3L)(n = 4) -0.015(-0.093, 0.062) 0.701 -0.058(-0.086, -0.03) < 0.001 -0.026(-0.08, 0.028) 0.338

  France(EQ-5D-3L)(n = 1) -0.071(-0.223, 0.08) 0.357 -0.083(-0.115, -0.051) < 0.001 -0.099(-0.146, -0.052) < 0.001

  France(EQ-5D-5L)(n = 1) -0.189(-0.411, 0.034) 0.096 -0.211(-0.307, -0.115) < 0.001 -0.201(-0.257, -0.145) < 0.001

  German(EQ-5D-3L)(n = 31) 0.092(0.062, 0.121) < 0.001 0.074(0.049, 0.1) < 0.001 0.088(0.055, 0.122) < 0.001

  German(EQ-5D-5L)(n = 4) -0.028(-0.206, 0.151) 0.761 -0.048(-0.138, 0.042) 0.293 -0.053(-0.122, 0.016) 0.129

  Indonesian(EQ-5D-5L)(n = 12) -0.095(-0.265, 0.075) 0.272 -0.086(-0.179, 0.007) 0.070 -0.122(-0.18, -0.064) < 0.001

  Iran(EQ-5D-5L)(n = 1) -0.092(-0.316, 0.133) 0.424 -0.112(-0.218, -0.006) 0.039 -0.121(-0.201, -0.04) 0.004

  Japan(EQ-5D-3L)(n = 20) 0.104(0.068, 0.14) < 0.001 0.061(-0.003, 0.125) 0.063 0.088(0.041, 0.134) < 0.001

  Japan(EQ-5D-5L)(n = 8) 0.052(-0.121, 0.225) 0.558 0.044(-0.073, 0.16) 0.458 0.025(-0.063, 0.113) 0.576

  Korea(EQ-5D-3L)(n = 8) 0.173(0.117, 0.229) < 0.001 0.126(0.089, 0.163) < 0.001 0.114(0.07, 0.158) < 0.001

  Malaysian(EQ-5D-3L)(n = 19) 0.112(0.075, 0.148) < 0.001 0.103(0.07, 0.135) < 0.001 0.089(0.046, 0.132) < 0.001

  Malaysian(EQ-5D-5L)(n = 16) -0.006(-0.174, 0.162) 0.946 -0.012(-0.106, 0.082) 0.804 -0.038(-0.096, 0.019) 0.191

  Netherland(EQ-5D-3L)(n = 15) 0.047(-0.007, 0.1) 0.086 0.038(-0.028, 0.105) 0.255 0.043(-0.007, 0.092) 0.088

  Poland(EQ-5D-3L)(n = 8) 0.064(0.007, 0.12) 0.028 0.048(0.029, 0.068) < 0.001 0.045(0.009, 0.081) 0.014

  Portuguese(EQ-5D-3L)(n = 8) -0.07(-0.125, -0.015) 0.013 -0.09(-0.122, -0.058) < 0.001 -0.096(-0.144, -0.049) < 0.001

  Singapore(EQ-5D-3L)(n = 4) 0.029(-0.052, 0.111) 0.481 0.019(-0.013, 0.051) 0.252 0.019(-0.022, 0.06) 0.354

  Singapore(EQ-5D-5L)(n = 4) -0.06(-0.243, 0.123) 0.520 -0.059(-0.154, 0.035) 0.214 -0.076(-0.139, -0.014) 0.017

  Span(EQ-5D-3L)(n = 9) 0.025(-0.028, 0.078) 0.357 -0.02(-0.049, 0.009) 0.174 0.028(-0.019, 0.074) 0.238

  Sweden(EQ-5D-3L)(n = 22) 0.12(0.086, 0.154) < 0.001 0.093(0.064, 0.121) < 0.001 0.084(0.04, 0.128) < 0.001

  Zimbabwe(EQ-5D-3L)(n = 1) 0.009(-0.143, 0.16) 0.910 -0.003(-0.035, 0.029) 0.847 -0.019(-0.066, 0.028) 0.416

Health state reference: T2DM (n = 573)

  T2DM without complications(n = 14) 0.054(0.01, 0.098) 0.017 0.023(0.001, 0.046) 0.044 0.044(0.02, 0.068) 0.001

  T2DM with Cardiovascular 
Disease(n = 68)

-0.081(-0.102, -0.059) < 0.001 -0.068(-0.113, -0.023) 0.003 -0.097(-0.168, -0.027) 0.007

  T2DM with Cerebrovascular 
disease(n = 29)

-0.144(-0.175, -0.114) < 0.001 -0.16(-0.214, -0.107) < 0.001 -0.153(-0.215, -0.091) < 0.001

  T2DM with Diabetic foot(n = 9) -0.126(-0.179, -0.074) < 0.001 -0.17(-0.192, -0.147) < 0.001 -0.11(-0.208, -0.011) 0.030

  T2DM with Hypoglycemia(n = 22) -0.02(-0.054, 0.014) 0.247 0.009(-0.077, 0.096) 0.829 -0.019(-0.094, 0.057) 0.622

  T2DM with Macrovascular 
disease(n = 5)

-0.055(-0.138, 0.028) 0.195 -0.024(-0.081, 0.032) 0.396 -0.078(-0.154, -0.002) 0.043

  T2DM with Microvascular 
and Macrovascul(n = 6)

-0.028(-0.091, 0.035) 0.390 -0.007(-0.032, 0.018) 0.582 -0.04(-0.11, 0.03) 0.257
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et al. [154]. Lung et al. [155] noted that the utility scores 
obtained from the TTO method were greater than those 
obtained from the EQ-5D, which were greater than those 
obtained from the HUI2, HUI3, and SF-6D. However, 
our study yielded different trends and variations in the 
magnitude of coefficient in values. Meanwhile, it has also 
been shown that the utility decrements were compara-
ble between the instruments, EQ-5D and SF-6D [9]. The 
validity of future research on HSUVs may require addi-
tional attention to be cast on the incremental and decre-
mental utility values  derived from specific instruments. 
Second, tariff differences also affected the measurement 
of HSUVs, the US (EQ-5D-3L), and China (EQ-5D-3L) 
tariff brought increments to mean HSUVs compared to 
the UK (EQ-5D-3L). The effect of the tariffs on HSUVs 
was interpreted as differences due to different socio-
demographic factors in the study by Sullivan et al. [129]. 
Despite the observed variation in tariff application across 
regions such as the European countries, the United King-
dom, and the United States—which share similar ethnic 
compositions—it is advisable to employ tariffs that are 
representative of their respective jurisdictions to ensure 
high relevance and accuracy.

T2DM patients with complications usually have lower 
HSUVs than T2DM patients (with or without compli-
cations). The idea that complications have a negative 
impact on the quality of life of T2DM patients has been 
confirmed in several studies [8–10, 156–158]. Compared 
with other published studies, the utility reduction due 
to complications ranged from − 0.007 to -0.177 in Mok 
et al. [9] and from − 0.007 to -0.17 in our study. The low-
est utility value was for end-stage renal impairment in 
the study by Lung et al. [155] with a utility value of 0.48 
(0.25–0.71); however, in our study, the complication with 
the lowest HSUVs was for  diabetic foot (-0.17, 95%CI: 
-0.192, -0.147). This difference may be attributed to dif-
ferences in the countries, tariffs, assessment instruments, 
and the essential characteristics of the population. Our 
study provided the correlation between 9 instruments 
and 31 tariffs, in contrast to previous studies of Shao 
et al. [121], which only included a single instrument and 
tariff and Mok et al. [9], which included a limited number 
of countries and regions. In addition, advances in thera-
peutic strategies, medical treatments, and the progres-
sion of complications may also account for this difference 
between the size of the negative coefficients.

95% CI: 95% confidence interval, T2DM Type2 Diabetes Mellitus, SD Standard deviation, HUI HUI-2 and HUI-3, Other: 15D and SG

Table 4  (continued)

Variables Estimated coefficient ± 95%CI

No weighted Sample size weighted SD weighted

Coefficient(95%CI) p value Coefficient(95%CI) p value Coefficient(95%CI) p value

  T2DM with Microvascular 
disease(n = 10)

-0.063(-0.116, -0.009) 0.021 -0.061(-0.09, -0.032) < 0.001 -0.06(-0.114, -0.007) 0.027

  T2DM with Nephropathy(n = 23) -0.084(-0.117, -0.05) < 0.001 -0.063(-0.12, -0.007) 0.029 -0.08(-0.118, -0.042) < 0.001

  T2DM with Neuropathy(n = 15) -0.052(-0.093, -0.01) 0.014 -0.056(-0.078, -0.034) < 0.001 -0.071(-0.112, -0.03) 0.001

  T2DM with Peripheral vascular 
disease(n = 16)

-0.114(-0.153, -0.074) < 0.001 -0.088(-0.118, -0.059) < 0.001 -0.16(-0.277, -0.043) 0.008

  T2DM with Retinopathy(n = 38) -0.053(-0.08, -0.025) < 0.001 -0.068(-0.095, -0.042) < 0.001 -0.066(-0.102, -0.031) < 0.001

Mean age reference: <50(n = 16)

  [50,60)(n = 86) 0.055(0.009, 0.1) 0.018 0.029(-0.055, 0.112) 0.496 0.031(-0.05, 0.112) 0.449

  [60,70)(n = 147) 0.054(0.011, 0.097) 0.015 0.025(-0.058, 0.108) 0.547 0.033(-0.052, 0.118) 0.437

  ≥ 70(n = 8) 0.005(-0.066, 0.076) 0.884 -0.046(-0.165, 0.074) 0.449 -0.027(-0.132, 0.078) 0.605

Duration of illness reference: <10(n = 132)

  ≥ 10(n = 106) -0.008(-0.031, 0.014) 0.456 -0.006(-0.02, 0.008) 0.413 -0.013(-0.04, 0.013) 0.325

Blood pressure reference: <140(n = 24)

  140–160(n = 5) -0.013(-0.104, 0.078) 0.781 -0.025(-0.108, 0.058) 0.556 -0.025(-0.099, 0.049) 0.505

Body mass index reference: <25(n = 13)

  ≥ 25(n = 56) -0.041(-0.093, 0.011) 0.122 -0.088(-0.135, -0.041) < 0.001 -0.017(-0.059, 0.025) 0.429

  ≥ 30(n = 89) -0.034(-0.085, 0.017) 0.191 -0.071(-0.103, -0.039) < 0.001 -0.019(-0.066, 0.028) 0.422

  Constant 0.76(0.686, 0.834) < 0.001 0.854(0.763, 0.946) < 0.001 0.787(0.682, 0.892) < 0.001

  Observations 802 724 619

  R-squared 0.4316 0.6238 0.4537
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In the model weighted by sample size, the decremen-
tal trend of HSUVs in disease duration, blood pressure, 
overweight and obesity on HSUVs was consistent with 
previous studies [10, 149, 158]. Meanwhile, the results 
of the positive correlation between age <70 and HSUVs 
were consistent with the findings of Imayama et al. [157], 
which may be explained by the increased satisfaction 
with the quality of life associated with increasing age. 
Although age ≥ 70 leads to negative coefficients, there 
are two reasons to explain this phenomenon: firstly, 
older age ≥ 70 typically corresponds with lower HSUVs 
due to weaker physical functioning, higher complication 
rate and acute mortality rate [4]; secondly, the number 
of utility values included in the regression was  only 8, 
so the results are not highly credible. The controversial 
effect of age on the HSUVs needs to be verified by further 
research [33].

Utility estimates naturally vary depending on factors 
such as study design, utility measuring instruments, 
health status classification, demographic characteristics 
and tariffs valuation [119, 127, 129, 159]. Ideal data for 
decision-making must take these factors into account 
[160]. One of the strengths of our study is that we have 
expanded extensively on these factors to include more 
comprehensive variables, we cover a wide range of 
HSUVs triggered by direct or indirect measurement 
instruments, covered 31 tariffs and across 11 complica-
tion states, and, for the first time, synthesised them using 
meta-regression to provide a range of reference values. 
Decision makers can select the most appropriate HSUVs 
based on their specific variables to robustly support 
future economic evaluations.

One limitation of this review is the search process. 
We searched only three databases, PubMed, Embase, 
and Web of Science, while identifying published manu-
scripts from peer-reviewed scholarly journals but poten-
tially ignoring grey literature, unpublished work, and 
other data sources. Bramer et al. reported a 92.8% search 
rate for Medline and Embase, highlighting the robust-
ness of these databases in identifying relevant studies 
[161]. Therefore, any potential omissions are unlikely 
to have significantly affected the overall findings of our 
study. The measurement of T2DM health utility values 
in countries around the world is carried out using a vari-
ety of standardised and validated instruments, and the 
diversity of the value sets is determined by differences 
in demographic characteristics in different countries, 
which inevitably leads to the high number of variables 
we included in the meta-regressions, resulting in small 
sample sizes for some variables. This is the second limita-
tion of our study, and this under-observation prevents us 
from modelling even the full diversity of methods used 

to generate utility values, which may affect the model’s 
reliability. Another area of uncertainty lies in the inability 
to determine the impact of gender distribution in the ill 
population on quality of life and utility values. In addi-
tion, studies often did not adequately account for the 
timescales involved, either from the stage of the condi-
tion or the start of treatment. Similarly, 18.7% and 17% of 
the studies did not adequately explain the methods used 
to derive the utility values. However, our analysis found 
that differences in measurement methodologies signifi-
cantly impacted HSUVs. To maximize the inclusion of 
available data, we opted not to exclude these studies, 
provided they addressed at least some of the four qual-
ity assessment questions. As more studies of HSUVs for 
people with T2DM are published, these effects could be 
further explored to improve the validity of meta-regres-
sion model estimates and the quality of the evidence to 
inform healthcare decisions.

Conclusion
Our study quantified the extent to which 11 complica-
tions, adjusted for valuation instruments and tariffs, 
affected patients’ quality of life, reinforcing the HSUVs 
evidence base and informing future decision-making 
processes about patients with T2DM. Analysts can use 
the data sources provided in this review to identify spe-
cific HSUV estimates most appropriate to their deci-
sion-making. Estimated condition-specific incremental 
decrements in health utility would provide more robust 
evidence for researchers to improve the quality of eco-
nomic assessments in diabetes.
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