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Purpose: Treatment process attributes can affect health state utilities associated with therapy. For intravenous iron, used to treat iron 
deficiency and iron deficiency anemia, research into process attributes is still lacking. This study estimated utilities associated with 
process attributes for intravenous iron infusions.
Methods: An online survey including seven health state vignettes and time trade-off tasks was administered to participants, who were not 
patients living with iron deficiency or iron deficiency anemia, from a Chinese online panel. Vignettes used an identical description of iron 
deficiency and iron deficiency anemia but differed in the annual number of infusions, infusion duration, and infusion-associated risk of 
hypophosphatemic osteomalacia. Disutilities and their rate of change as the number of infusions increased were examined using a power model.
Results: The survey was completed by 1091 participants. The highest utilities were observed for one annual infusion of 15–30 minutes or 30– 
60 minutes, without risk of hypophosphatemic osteomalacia (0.754 and 0.746, respectively). In comparison, more infusions and infusions with 
a risk of hypophosphatemic osteomalacia were associated with lower utilities. Utility continued to decrease, but at a diminishing rate, as the 
annual number of infusions increased, with utility decrements of 0.006 and 0.002, respectively, when going from zero to one and from four to 
five infusions per year. All marginal disutilities were small (values <0.01).
Conclusion: This study suggested that treatment attributes of intravenous iron infusions affect health state utilities. Using intravenous 
iron formulations that allow for fewer and shorter infusions without the risk of hypophosphatemic osteomalacia can reduce the number 
of visits required and increase patients’ quality of life.

Plain Language Summary: A lack of iron in the body can be treated successfully using intravenous infusions of iron, but it is not 
yet known how different intravenous iron formulations affect patients’ quality of life. 

Intravenous iron formulations differ in how often and for how long (per infusion) they need to be administered; for example, while 
one available intravenous iron formulation allows most iron deficits to be corrected in a single visit, others can require several visits. 
Formulations also seem to differ in the risk of complications relating to low phosphate and bone softening. 

This study presented descriptions of treatment options, differing in the number and duration of infusions as well as in risk, to more than 1000 
Chinese respondents. Based on their answers, the differences between intravenous iron administration regimes could be valued and linked to 
quality of life. Intravenous iron treatment with fewer, shorter infusions and without risk of bone softening was found to come with a better quality 
of life. Each additional infusion reduced quality of life, but less so if treatment already involved several infusions. These findings can help 
patients and physicians to make clinical decisions that focus not only on efficacy and safety but also on the quality of life. 
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Introduction
Iron deficiency (ID) is defined as either insufficient total body iron or the inability to sufficiently mobilize existing stores 
and negatively affects many iron-dependent functions in the body, potentially resulting in iron deficiency anemia 
(IDA).1,2 Both ID and IDA are frequently observed in patients with chronic kidney disease or cancer. They are associated 
with reduced physical and mental functioning, which results in lethargy, fatigue, reduced exercise capacity, dizziness, 
dyspnea, headache, and difficulty staying focused.3–5 These symptoms not only impose a clinical burden but also reduce 
patients’ quality of life (QoL) and work productivity.6–8

Treatment of ID and IDA is centered on iron supplementation. Oral iron supplementation is currently the first- 
line therapy in many settings, as it is easy to administer and available at low cost. Parenteral iron therapy is an 
alternative to oral therapy recommended mainly if oral therapy is poorly tolerated or adhered to or if the response to 
oral iron is insufficient, particularly in the case of severe ID and IDA and chronic inflammation, which blocks iron 
absorption and bioavailability.9,10

Total iron deficits vary between patients but can frequently reach 1500 mg.11 Addressing such deficits with 
oral iron supplementation may take a considerable amount of time. High oral iron doses are associated with an 
increased risk of gastrointestinal side effects and low absorbed iron fractions, while lower doses naturally take 
longer to replenish a deficit.12 Treatment with intravenous (IV) iron, in contrast, can deliver higher doses of iron 
more rapidly.

Modern IV iron formulations include ferric derisomaltose (FDI), ferric carboxymaltose (FCM), and iron 
sucrose (IS).13–15 All modern IV iron formulations are generally safe and associated with few complications 
and adverse reactions.16,17 However, significant differences exist between IV iron formulations, including in the 
formulation-specific risk of hypophosphatemia leading to osteomalacia and fractures, which is elevated for FCM 
relative to FDI.9,17,18 Another difference concerns dosing. While FDI can be dosed up to 20 mg of iron per 
kilogram of body weight, maximum single doses of FCM and IS are limited to 1000 mg and 200 mg of iron, 
respectively.19 The potential to administer higher iron doses with FDI implies that, once a treatment plan has been 
developed based on the patient’s iron deficit, fewer infusions – indeed frequently only a single infusion – are 
needed to correct the iron deficit. This is relative to IV treatments with absolute dosing restrictions that are 
typically lower than average iron deficits, which necessitates multiple infusions, on separate days, and therefore 
multiple visits to healthcare providers.19,20 Administration frequency is one of many treatment-associated “process 
attributes”, ie, features of healthcare that reflect a broader concept of health than direct health gains.21–24 Other 
treatment process attributes include administration route, dose timing, or treatment location. In several therapy 
areas, these attributes have been shown to influence patient preferences and utilities associated with treatments; 
simpler, less frequent, and shorter treatments are generally preferred by patients.22,25–27 While usually less 
important to patients than efficacy and safety, process attributes often have a non-negligible effect on quality of 
life (QoL) and treatment adherence, so should be considered in clinical decisions and health economic 
evaluations.22,24,28

Process attributes that distinguish the various IV iron formulations, namely the number and duration of infusions 
required to correct iron deficits and the risk of side effects such as hypophosphatemia leading to osteomalacia, have not 
yet been investigated. The present study aimed to examine how differences in process attributes would be valued in 
China. Health-state utilities derived from valuations for each state were then used to develop a diminishing marginal 
disutility (DMD) model to estimate disutility reductions associated with each additional iron infusion.

Materials and Methods
Study Design
This vignette study was designed to elicit preferences regarding the frequency and duration of IV iron infusions as well as 
the associated risk and to estimate health state utilities associated with specific combinations of infusion frequency and 
duration.
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To ensure that vignettes were accurate and reflected patient experience, the disease description and health state 
vignettes were developed from the literature, summaries of product characteristics, and patient leaflets.13–15,29–31 

Development took place in collaboration with a hematologist and two health economists based in China. The 
seven vignettes all referred to the same disease description, treatment location, and treatment success. Vignettes 
differed only in the number of infusions required in a yearly treatment course, duration per infusion, and risk of 
hypophosphatemic osteomalacia as a long-term side effect. Any difference in health state valuation could therefore 
be attributed to differences in the process attributes and the risk of hypophosphatemic osteomalacia.

The health states were presented in an online survey to Chinese participants between December 2020 and 
January 2021. Health state utilities were elicited in a time trade-off (TTO) survey, for annual treatment over a lifetime 
horizon.

The study was conducted in line with the Market Research Society’s Code of Conduct and the ESOMAR/Global 
Research Business Network guidance on online research.32,33 Ethical review board approval in China was not required as 
valuation tasks are not considered to be medical interventions and, as the study was not a clinical trial, it neither included 
patients nor made use of human or biological samples, or personally identifiable information, in line with the “Measures 
for Ethical Review of Biomedical Research Involving Humans” policy issued by the National Health and Family 
Planning Commission.34,35 All participants had previously agreed to take part in research of the type presented here 
and had given explicit consent to participate in the present study at the start of the survey. Participants were free to 
terminate the survey at any point if they wished to do so, remained anonymous throughout the study, and could neither be 
identified nor linked to answers.

Development of Disease Description and Health State Vignettes
The survey began with a general disease description in textual form that presented the symptoms associated with ID and 
IDA, followed by the description of treatment benefits and modalities, including the infusion procedure and possible 
needle insertion pain and infusion site reactions (see Table S1). The disease description also outlined the need to travel to 
the hospital for every infusion and the time needed for preparation, waiting, and post-infusion monitoring.

This disease description was followed by health state vignettes. All vignettes referred to the disease description, stated that 
treatment for the disease was required every year, and that treatment was able to control the disease. Beyond these identical 
elements, health states were varied along three dimensions: the number of infusions required, the duration of an infusion 
(presented as a minimum-maximum range in minutes), and the risk of hypophosphatemic osteomalacia, described in vignettes 
as a “serious long-term side effect (softening of/fractured bones)” (see Table S2).

Health state (HS) 1 described treatment as one infusion lasting 30–60 minutes, with no risk of hypopho-
sphatemic osteomalacia (Table 1). HS 2–4 differed from HS 1 in specifying two, five, and seven infusions, 
respectively, with each infusion lasting 30–60 minutes, again without risk of hypophosphatemic osteomalacia. HS 
5 specified one infusion but of only 15–30 minutes, while HS 6 specified two infusions of 15–30 minutes, both 
without risk of hypophosphatemic osteomalacia. HS 7 differed from HS 6 in specifying that there was a risk of 
experiencing hypophosphatemic osteomalacia as a long-term serious side effect. As the FCM summary product 
characteristics reported that the frequency of hypophosphatemic osteomalacia as an adverse drug reaction is 
unknown, and no studies quantifying the risk of hypophosphatemic osteomalacia following IV iron treatment were 
identified, the osteomalacia risk was presented in vignettes as one in a thousand patients (considered a relatable 
but still small risk).

Health states 1–5 were pilot-tested in an online survey with 176 participants. Results suggested that participants were 
able to differentiate and trade between health states, with no indication that revisions were needed.

In the main survey, after a control question to familiarize participants with the TTO format, vignettes were presented 
in random order. While HS 1, 3, and 7 were shown to all participants, HS 2 and 4 were shown to only half of the 
participants and HS 5 and 6 were shown to the other half. This was to ensure that respondents had to consider at most 
five health states, to avoid respondent fatigue.
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Participants
Participants were recruited from a Chinese online panel provided by a market research analysis company (Kantar, 
London, UK). Potential participants were required to be at least 18 years old and were quota-sampled to be representative 
of the 2020 age and sex distributions in China. Participants were not required to have ID or IDA.

Eligible panel members received a one-time link that preserved their anonymity, ie, answers could not be linked to 
individuals. Participants completing the survey were remunerated for their time with an online shopping token with 
a value equivalent to EUR 2–4.

Translation
The disease description and vignettes were developed in English. After finalization, they were translated into Standard 
Chinese by a certified translation agency. The translation was verified by an independent translator.

Statistical Analysis
Utility values were calculated for each health state, with standard errors and 95% confidence intervals (CIs) obtained 
from non-parametric bootstrapping based on 10,000 iterations. Disutilities (also referred to as “utility decrements” 
and “decreases in utility”) between states were calculated as the difference between utility values. The calculation of 
disutilities was performed after removing outliers (2.5% at the bottom and top of the utility distribution, respec-
tively) to increase the reliability of the results.36 Utilities and disutilities were also reported and analyzed by sex. 
The differences between sex for each health state and each comparison were assessed for statistical significance 
using Welch’s t-test.37 The significance level was specified post hoc as α=0.05. These analyses were performed 
using SAS® version 9.4 (SAS Institute Inc., Cary, NC, USA).

In a survey, the number of vignettes that can be presented must be limited to avoid overburdening respondents. 
For the present survey, this meant that only one, two, five, and seven annual administrations could be investigated, 
for infusions with a duration of 30–60 minutes and no risk of hypophosphatemic osteomalacia (HS1–4). For cost- 
utility analyses, however, additional flexibility to capture a variable number of infusions might be desirable.38 

This flexibility was achieved by implementing a DMD model, based on work by Lauridsen et al for 

Table 1 Overview of Health States and Differences in Process Attributes

Health 
State ID

Number of 
Infusions

Duration 
(Minutes) of 

an Infusion

Risk of Serious 
Long-Term Side Effects 
Associated with an 
Infusion

1 1 30–60 No risk

2 2 30–60 No risk

3 5 30–60 No risk

4 7 30–60 No risk

5 1 15–30 No risk

6 2 15–30 No risk

7 2 15–30 1 out of 1000 patients 

experiences serious long- 

term side effects (softening 
of/fractured bones).

Notes: In each row, attribute differences relative to health state 1 are highlighted in grey.
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hypoglycemia.39 Using this model rested on the assumption that, as for hypoglycemic events, the “first is the 
worst” for IV iron infusions – each subsequent infusion will reduce utility but by a smaller amount than the 
preceding infusion.

The model was implemented based on the three estimated disutility values obtained for the first four health states (HS 
2 vs 1, HS 3 vs 1, HS 4 vs 1). A power function of the form Ud¼ α�xβ was estimated in a linear regression model with 
the log-transformed number of infusions and log-transformed disutilities as predictor and outcome, respectively.40 

Uncertainty was captured by power functions applied to the lower and upper CI limits of the estimated disutility values. 
The DMD model was implemented using R version 4.1.1.41,42

Results
Participant Characteristics
The link to the survey was shared with 1354 online panel members, of whom 1270 (93.8%) started the survey. Of the 
initial participants, 110 (8.7%) failed the TTO control question or did not trade between health states within the premise 
of the TTO design, 63 (5.0%) did not complete all TTO tasks, and 6 (0.47%) did not provide information on age and 
gender. This left 1091 respondents (80.6% of contacted panel members and 85.9% of those who started the survey) for 
analysis. Women accounted for 52% of respondents (Table 2). The mean age was 37.8 years, with nearly two-thirds of 
participants aged <40 years.

Health State Utilities
HS 5, with one 15–30 minutes infusion per year and no hypophosphatemic osteomalacia risk, had the highest mean 
utility, at 0.754 (95% CI: 0.730 to 0.776), followed by HS 1, with one 30–60 minutes infusion per year and no 
hypophosphatemic osteomalacia risk (Figure 1). In contrast, HS 4, with seven annual infusions of 30–60 minutes and 
no hypophosphatemic osteomalacia risk, corresponding to treatment with iron sucrose, had the lowest mean utility 
(0.701, 95% CI: 0.681 to 0.723). Health state 7, which specified a risk of hypophosphatemic osteomalacia, was 
associated with a utility of 0.715 (95% CI: 0.699 to 0.731).

Table 2 Demographic Characteristics of 
Participants

Characteristic Value

Sample size, n 1091

Sex

Women, % 52

Age

Mean age, years 37.8

Aged <30 years, % 24.2

Aged 30–39 years, % 38.7

Aged 40–49 years, % 19.2

Aged 50–59 years, % 13.4

Aged 60–69 years, % 4.5

Aged ≥70 years, % 0.1
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Comparing pairs of health states showed a preference for fewer and shorter treatments and lower risk in most 
comparisons (Figure 2). Relative to one infusion of 30–60 minutes with no hypophosphatemic osteomalacia risk, 
seven such infusions were associated with a utility decrement of 0.039 (95% CI: 0.030 to 0.048), while five such 
infusions were associated with a utility decrement of 0.022 (95% CI: 0.016 to 0.029) and two infusions with a utility 
decrement of 0.017 (95% CI: 0.010 to 0.025). Similarly, comparing seven versus two such infusions directly yielded 
a utility decrement of 0.020 (95% CI: 0.011 to 0.029). The same pattern was again observed when comparing two 
infusions of 15–30 minutes, with no hypophosphatemic osteomalacia risk, with one such infusion, which yielded 
a small utility decrement of 0.008 (95% CI: −0.002 to 0.018). A reduction in duration from 30–60 minutes to 15–30 
minutes for one infusion each, with no risk of hypophosphatemic osteomalacia, was also associated with a small 
reduction in the utility of 0.008 (95% CI: 0 to 0.017).

In all comparisons, the health state with a risk of hypophosphatemic osteomalacia was associated with reduced utility 
relative to states without a risk of hypophosphatemic osteomalacia. This reduction in utility was observed if states 
differed only in the risk of hypophosphatemic osteomalacia, but also if the risk-associated treatment required the same 
number but shorter infusions and if the risk-associated treatment required fewer and shorter infusions.

HS1

HS2

HS3

HS4

HS5

HS6

HS7

Infusions:
1

Infusions:
2

Infusions:
5

Infusions:
7

Infusions:
1

Infusions:
2

Infusions:
2

Duration:
30−60 min

Duration:
30−60 min

Duration:
30−60 min

Duration:
30−60 min

Duration:
15−30 min

Duration:
15−30 min

Duration:
15−30 min

Risk:
No

Risk:
No

Risk:
No

Risk:
No

Risk:
No

Risk:
No

Risk:
Yes

0.746

0.712

0.718

0.701

0.754

0.736

0.715

0.00 0.25 0.50 0.75 1.00
Utility

Figure 1 Utility Scores for Health States (HS). 
Notes: Utility scores are bounded by 0 (representing death) and 1 (representing full health). The figure shows mean values (squares) and 95% confidence intervals (error bars).
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Subgroup Analyses
Men reported health state valuations that were consistently 0.02–0.03 higher than those reported by women (Figure 3A). 
These differences were not statistically significant for a significance level of 0.05, except for health state 6 (p = 0.05). The 
disutilities between health states reported by women were consistently smaller than those reported by men, but for no 
comparison was the difference by sex statistically significant at a significance level of 0.05 (Figure 3B).

Diminishing Marginal Disutility Model
The power model developed for disutilities associated with infusions with a duration of 30–60 minutes and no risk of 
hypophosphatemic osteomalacia had the functional form Ud=0.161×x0.39. This function allowed deriving disutilities for 
administration frequencies not directly covered in the TTO survey (Figure 4; for detailed values, see Table S3). For 
example, three IV iron infusions per year, each with a duration of 30–60 minutes and without risk of hypophosphatemic 

HS2 vs HS1

HS3 vs HS1

HS4 vs HS1

HS4 vs HS2

HS5 vs HS1

HS6 vs HS5

HS7 vs HS1

HS7 vs HS2

HS7 vs HS3

HS7 vs HS6

Infusions:
2 vs 1

Infusions:
5 vs 1

Infusions:
7 vs 1

Infusions:
7 vs 2

Infusions: 1

Infusions:
2 vs 1

Infusions:
2 vs 1

Infusions: 2

Infusions:
2 vs 5

Infusions: 2

Duration: 30−60 min

Duration: 30−60 min

Duration: 30−60 min

Duration: 30−60 min

Duration:
15−30 vs 30−60 min

Duration: 15−30 min

Duration:
15−30 vs 30−60 min

Duration:
15−30 vs 30−60 min

Duration:
15−30 vs 30−60 min

Duration: 15−30 min

Risk: No

Risk: No

Risk: No

Risk: No

Risk: No

Risk: No

Risk:
Yes vs No

Risk:
Yes vs No

Risk:
Yes vs No

Risk:
Yes vs No

0.017

0.022

0.039

0.02

0.008

0.008

0.025

0.004

0.004

0.016

−0.02 0.00 0.02 0.04
Disutility

Figure 2 Disutilities in Direct Comparisons of Health States. 
Notes: Disutilities were calculated as differences between health state utilities calculated based on the sample with the 5% most extreme outliers removed (2.5% each at the 
bottom and top of the distribution). Disutilities are bounded by 0 (representing no decrement in utility) and −1 (representing the full loss of previous perfect health). The 
figure shows mean values (squares) and 95% confidence intervals (error bars).
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osteomalacia, would be associated with an annual utility decrement of 0.025 (95% CI: 0.017 to 0.033) relative to no such 
infusion in a year. Fifteen such infusions would be associated with an annual disutility of 0.047 (95% CI: 0.041 to 0.053) 
relative to no such infusion in a year.
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−0.050 −0.025 0.000 0.025 0.050
Disutility (mean [95% confidence interval])

B

Figure 3 Utilities and Disutilities for Women and Men. 
Notes: (A) shows health state evaluations for each of the seven health states, by sex. (B) shows disutilities between the health states specified on the vertical axis, again by 
sex. P-values for the sex difference in valuations were derived from Welch’s t-test, and the significance level was set at α=0.05.
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Marginal disutilities derived from the power model indicated that, as the number of additional infusions increased, 
utility continuously decreased but at a diminishing rate (Figure 5; for detailed values, see Table S3). While receiving one 
annual 30–60 minutes infusion, without risk of hypophosphatemic osteomalacia, relative to receiving no such infusion 
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Figure 4 Annual Disutility by Annual Number of Infusions. 
Notes: Disutilities relative to no infusion (which was associated with no decrement in utility) were calculated from a power model (shown as a step function) for infusions 
with a duration of 30–60 minutes and no risk of hypophosphatemic osteomalacia, based on comparisons of health states 1–4 (shown as squares, with their 95% confidence 
intervals shown as error bars). 
Abbreviation: CI, Confidence Interval.
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Figure 5 Marginal Disutility by Number of Additional Infusions. 
Notes: Marginal disutilities for each additional infusion were derived from the power model for infusions of 30–60 minutes duration and no risk of hypophosphatemic 
osteomalacia. 
Abbreviation: CI, Confidence Interval.
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reduced utility by 0.006 (95% CI: 0.005 to 0.007), going from four to five infusions reduced utility by 0.0024 (95% CI: 
0.0023 to 0.0025) and going from fourteen to fifteen infusions by 0.0012 (95% CI: 0.0011 to 0.0015). It should be noted 
that the magnitude of marginal disutilities was small.

Discussion
This is the first study to assess how attributes and risks of IV iron infusions affect health state utilities associated with IV 
iron treatment. Results from a vignette-based TTO survey in Chinese study participants showed that treatment options 
with improved process attributes – fewer and shorter infusions, and no risk of hypophosphatemic osteomalacia – were 
associated with higher utility values than treatment options with more and longer infusions and those with a higher risk of 
hypophosphatemic osteomalacia. The disutility associated with each additional annual infusion diminished as the total 
number of annual infusions increased, indicating that the negative impact of additional infusions was highest at the lower 
end of the infusion frequency distribution.

The highest utility was observed for an annual treatment of one infusion of 15–30 minutes, followed by an annual 
treatment of one infusion of 30–60 minutes, both without risk of hypophosphatemic osteomalacia (Figure 1). These were 
the only regimens with just one annual infusion without hypophosphatemic osteomalacia risk, so arguably had the most 
favorable process attributes of the states presented to study participants. No statistically significant differences in health 
state valuations and disutilities were observed between women and men, except for health state 6, which women had 
valued worse than men. It remains unclear from the available data if this finding reflects a true difference in how women 
and men evaluate this state or if this finding of statistical significance is a false positive. Further research, including using 
patient data, will help illuminate this issue further. Women valued health states consistently lower than men, however, 
which is in line with published data on women self-reporting their health and functioning as lower than men across 
countries and measurement instruments.43,44

The finding that these states were associated with the smallest utility reductions was consistent with previous studies 
in different therapeutic areas. A review of the published hemophilia literature and US Food and Drug Administration 
drug development meeting documents for bleeding disorders showed that infusion frequency was the most important 
treatment attribute, ahead even of efficacy, in patients with hemophilia.45 Findings were also consistent with the literature 
investigating treatment frequency and risk in diabetes. Examples include a standard gamble interview study of patients 
with type 2 diabetes mellitus (T2DM), in whom daily relative to weekly injections were associated with a disutility of 
0.023 and for whom frequency was the most important process attribute.46 A discrete choice experiment in patients with 
T2DM showed that mode and frequency of administration as well as the risk of side effects were the most important 
treatment attributes, ahead of clinical outcomes such as changes in weight and HbA1c.47 Matza et al reported that nearly 
half of patients with T2DM prefer injectable to oral treatment if the former can be administered weekly instead of daily 
with oral treatment.27 In oncology, Mansfield et al demonstrated that patients may prefer an IV schedule to oral treatment 
if the latter requires several pills a day or a complicated dosing schedule.48

While it should be acknowledged that results of treatment attribute studies are difficult to compare directly across 
treatments in different therapeutic areas, both the present and earlier studies showed that treatment process attributes, 
including treatment/administration frequency and associated risk, influence patient preferences for treatments and 
patients’ QoL.22,26,27 Process attributes may also affect treatment adherence.22,49 Intravenous treatments, for example, 
are associated with better adherence than oral treatments in anemia, inflammatory bowel disease, and osteoporosis.50–52 

Non-adherence has been linked to forgetfulness, eg, if multiple tablets had to be taken daily or multiple appointments to 
be kept, and to more frequent side effects of therapy.9,53–55 These findings suggest that less frequent IV iron treatment, 
with fewer side effects, may translate to improved adherence and clinical outcomes. In addition, the increase in drug 
costs often associated with improving adherence may be offset partly by reduced costs associated with infusions and 
visits.56,57

The analysis of disutilities associated with 30–60 minutes infusions without hypophosphatemic osteomalacia risk 
indicated that disutilities increased at a diminishing rate with the number of infusions. This finding suggested that the first 
infusions of IV iron are the “worst” while additional infusions have a smaller albeit still detrimental effect on health state 
utilities. Diminishing marginal disutilities may result from adaptation to IV infusions, possibly including getting used to 
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the logistics of traveling to/from the treatment location and waiting time during appointments, although the extent to 
which such adaptations factor into treatment attribute evaluation will require additional studies in patient samples. Viable 
alternative explanations include those by Lauridsen et al, namely unwillingness to trade-off remaining lifetime for fewer 
infusions beyond a certain point or consideration of health state descriptions while disregarding infusion frequencies.39

The vignette-based approach facilitated the isolation of process attributes of IV iron treatment and the estimation of 
utility differences arising from differences in process attributes. However, this approach has several limitations. 
Preferences, and consequently utilities, are ultimately expressed for vignettes and their content, not for actual health 
states as experienced by patients, in particular as vignettes were developed from the literature and with physician but not 
patient input.58 Nor is it possible to present the entire patient experience in vignettes, possibly resulting in the omission of 
important disease and treatment aspects and in underestimation of how differently patients may experience a condition. 
In the present study, detailed descriptions of ID and IDA, including their symptoms, and of the IV iron treatment process 
provided some context to respondents regarding disease and treatment attributes. The extent to which respondents’ 
understanding was aligned with patient experience ultimately remains uncertain, however.

Using TTO to value health states may also be considered a limitation. The method has been criticized as inconsistent 
with random utility and measurement theory, including confounding by respondents’ life expectancies and the cognitive 
challenges associated with trading between hypothetical health states.59,60 While these limitations were acknowledged 
before embarking on the present study, two key factors led to the decision to use TTO: the lack of sensitivity associated 
with generic preference-based measurements (designed to assess broader aspects of functioning and health domains 
rather than treatment attributes), and the need for a pragmatic assessment tool that could be presented online to many 
respondents. Despite the limitations of TTO and the continuing lack of methodological standardization, TTO is widely 
used, including in valuation protocols for the EQ-5D-5L.61,62

An additional limitation was the use of an online survey. Relative to face-to-face interviews, online surveys may yield 
data of lower quality as participants tend to be more likely to satisfice, ie, use cognitive shortcuts, which can result in 
distorted or nonsensical responses.63 Unusual responses or responses violating trading principles cannot be followed up, 
nor can missing responses be elicited if, as in the present study, participants remain anonymous. An initial test of the 
survey was conducted to assess if vignettes and TTO tasks were easy to understand, and there was no indication to the 
contrary. While satisficing or misunderstandings cannot be excluded, the online implementation allowed for recruiting 
more than 1000 participants – larger than most comparable studies conducted face-to-face, which usually included 
between 100 and 200 participants.27,46,49,64–66 It should be noted, however, that, as part of efforts to reduce respondent 
fatigue, not all patients responded to all questions in the online survey. As a result, some health states in the analysis were 
based on responses from different subsets of the overall population. Consequently, there were some limits to the 
comparability of absolute valuations and of health state and disutility estimates.

Another limitation, also resulting from the use of an online survey, was that the final sample population did not fully 
reflect the Chinese population. While the initial sampling of panel members contacted for participation accounted for the 
age and sex structure of the Chinese population, women and younger people were overrepresented in the final sample 
relative to the Seventh National Population Census.67 Reasons for age and sex differences in survey completion may 
have included differences in the attractiveness of the remuneration token, affinity to and time spent on the internet, or 
interest in the study topic, which may have been more relevant to younger women in whom anemia prevalence is higher. 
In light of this limitation, future treatment attribute studies in China should preferentially be conducted in a broad sample 
of patients and would ideally also include elderly patients.

The model used to derive disutilities was limited by being based on only three distinct values. The resulting 
uncertainty was quantified by also applying power functions to confidence intervals, but future users of these disutilities 
should be conscious of this uncertainty. The use of a diminishing marginal utility value also allowed deriving estimates 
for health states that could not be presented to avoid overburdening participants.

Despite these limitations, the utility values for IV iron infusions should prove useful for inclusion in cost-utility 
analyses.68 As in other studies, the differences in utilities attributable to treatment process attributes were small.27,46,48,49 

Still, process attributes represent a treatment dimension in addition to efficacy and safety that is relevant to patients and 
should be considered in health economic analyses.21,24,27
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Process attributes such as dosing and, subsequently, the number of visits required for treatment, could be considered 
more widely by clinicians and patients as a distinguishing feature of IV iron formulations. Such distinguishing features 
are currently mostly related to safety. They include the incidence of hypersensitivity reactions, which are more frequent, 
albeit still rare, with FCM and IS relative to FDI, as well as hypophosphatemia risk, which is significantly higher with 
FCM than other iron formulations.17,18,69,70 Using treatment process attributes as an additional distinguishing feature 
might allow for further optimization of treatment and should be of interest to healthcare payers as it reduces the need for, 
and thereby the costs associated with, repeated office or hospitals visits.20,71,72

In addition, results from the present study point to the likely benefit of considering treatment attribute preferences for 
IV iron treatment experiences. Manufacturers should strive to reduce the necessary number of infusions and infusion 
times while improving risk profiles as much as possible, which can be speculated to lead to better patient-reported 
outcomes with IV iron treatment. Similarly, healthcare professionals would ideally increase the use of available and 
future treatment options that are both clinically effective and meet preferred treatment attributes, again in an effort to 
reduce the treatment burden on patients.

Conclusions
To our knowledge, this study reports the first set of health state utilities associated with IV iron infusions in China. These 
utilities, obtained from a large sample of Chinese respondents in an online survey using a TTO framework, showed that 
more frequent IV infusions and even a very low risk of osteomalacia were associated with significant disutilities and that 
marginal disutilities decreased as the number of infusions increased. The study may inform future health economic 
evaluations, treatment choices, and reimbursement decisions for IV iron by patients, clinicians, and healthcare payers, 
particularly in the Chinese setting.

Data and Code Availability
Aggregate data derived from the time trade-off survey and the diminishing marginal disutility model are presented in this 
manuscript and the Supplementary Information. Participant-level data will not be made publicly available and will not be shared.

The R code for the marginal utility model can be obtained from the corresponding author upon reasonable request.
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