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Strengths and limitations of this study

►► Half of the Dutch hospitals participated, which 
is a representative sample of the Dutch hospital 
population.

►► Both low and high physician preference products 
were analysed.

►► Three economic variables were used to explain net 
price differences.

►► This Hospital Purchase Benchmark study is an 
intracountry comparison of actual price data of 
medical products and none cross-country price 
comparisons were made.

►► The dataset only focuses on medical products and, 
in fact, a limited number of these products.

Abstract
Objectives  To assess whether there is a difference 
between the net prices of medical products used by 
Dutch hospitals and, if there is, how this difference can be 
explained.
Design  Cross-sectional self-administered electronic 
survey.
Setting  We surveyed the prices paid for 17 commonly 
used medical products, such as pacemakers, gloves and 
stents in 38 Dutch hospitals (including general, specialised 
and academic hospitals) in 2017. Hospitals voluntarily 
and anonymously provided these data and received a 
personalised free benchmark tool in return. This tool provides 
information about the variance in prices of the medical 
products they buy.
Participants  38 out of 79 hospitals entered and 
completed the study.
Primary and secondary outcome measures  Actual price 
paid excluding Value Added Tax (VAT) per item, the order size 
per year, total spending for an assortment group and total 
spending for all products purchased from a specific supplier 
were measured.
Results  We found large price variations for the medical 
products surveyed (average coefficient of variation of 
71%). In general, these differences were hard to explain 
(average R2 of 26%). Only purchasing volume (for 8 out 
of 17 products) was significantly associated with the net 
price paid by a hospital. Total spending for an assortment 
group (in euros with a specific supplier) and total spending 
(for all products in euros with a specific supplier) were not 
related to the net price paid.
Conclusions  We conclude that only purchasing volume 
is associated with lower prices paid. Total spending for 
an assortment group and total spending for all products 
purchased from a specific supplier are not. These results 
are in stark contrast to expectations based on economic 
theory. Other sources of differences in bargaining power 
might explain these findings. Further research might 
involve comparing prices across countries.

Introduction
Rising healthcare costs around the world are 
becoming increasingly problematic for the 
affordability and access to healthcare. This 
paper focuses on healthcare costs in high-
income Western countries. In these countries, 
it is striking that medical suppliers have a net 

profit margin of 20%–25%, whereas hospitals 
typically have a net profit margin of 5%–10%1 
Why are medical suppliers able to make such 
high profits? One explanation could be that 
hospitals lack up-to-date and accurate infor-
mation about the actual prices paid by other 
hospitals for the same products. With this 
information, they could develop a more effec-
tive procurement and purchase strategy. The 
absence of such information could explain 
why hospitals pay different prices for the same 
medical product from the same supplier, as 
is the case for coronary stents.2 3 The medical 
products market features a system based on 
discounts compared with listed prices. Non-
disclosure agreements (NDAs) are regularly 
applied to prevent information being shared 
between hospitals. By preventing information 
sharing, the information asymmetry between 
suppliers and hospitals is reinforced. Medical 
suppliers thus have more market power than 
hospitals.1 This situation is characterised 
by a lack of transparency where ‘suppliers 
negotiate different contracts with different 
buyers, potentially with widely varying prices, 
and a buyer typically has limited information 
regarding other buyer’s contracts’ (Grennan, 
p2)4 This deliberate information asymmetry 
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between suppliers and buyers leads to an opaque price market. 
In this research, we focus on the information asymmetry 
between hospitals and medical suppliers. We hypothesise 
that information asymmetry reduces hospitals’ bargaining 
ability, defined as ‘the ability to reach a more favourable 
point within the range determined by costs, willingness to 
pay and competition’,2 resulting in price variation between 
hospitals. Moreover, we hypothesise that the price variation 
will be higher for products that are preferred by physicians. 
The hospital’s purchasing department regularly purchases 
medical products that are used by physicians. However, the 
medical products market is characterised by business-to-
physician and not business-to-business arrangements. Physi-
cian preference items (PPIs) are purchased by hospitals, 
but ‘physicians (surgeons) (…) determine which device to 
use for a particular patient and procedure’ (Montgomery 
and Schneller, p308).5 Examples of PPIs are implants 
and cardiac stents.5 This one-to-one relationship between 
suppliers and physicians could undermine the bargaining 
position of hospitals and might explain price differences.6 7

Several studies have focused on the formal list prices of 
single medical products (such as stents, see, eg, Grennan 
and Swanson4) and on price variance in medicine in 
general,8 9 of which one zooms in on the limited set of net 
prices of cancer drugs.10 Vogler et al11 researched the prices 
of cancer drugs in high-income countries and found a varia-
tion between 28% and 388% between the highest and lowest 
priced country. To our knowledge, there are no country-
specific studies that estimate and structurally compare the 
variance in actual prices paid for medical products. In this 
study, we surveyed the actual prices of 17 commonly used 
medical products in about half of all Dutch hospitals. In 
order to analyse price variations for medical products 
and thereby study the information asymmetry between 
medical suppliers and hospitals (buyers),4 we created a 
self-administered survey. In the end, the aim is to reduce 
the information asymmetry and to find a way to increase 
price transparency. The results of the survey were compiled 
and visualised in the Hospital Purchase Benchmark. The 
Hospital Purchase Benchmark is meant to be a catalyst for 
reducing the information asymmetry and initiating change 
towards more affordable and accessible healthcare. We 
used data from this Hospital Purchase Benchmark to assess 
the variance in the net purchase prices of 17 medical prod-
ucts for Dutch hospitals. We assessed whether this price vari-
ation is related to the degree of physician preference and to 
what extent the prices paid are associated with the volume 
of the products purchased, total spending for an assortment 
group and total spending for all products purchased from 
a specific supplier. We focused on these elements as proxies 
for bargaining power, and therefore price differences, in 
‘normal’ markets in which prices are transparent.12

Methods
Selection of medical products
To create the benchmark tool, we selected a broad 
product portfolio of 17 products. These products are 

distinct, high-profile, well-known commodities with a high 
turnover originating from different types of suppliers. 
We selected products based on low and high ‘physician 
preference’. Implants were categorised as items highly 
preferred by physicians according to the literature.5 The 
complete categorisation of products was also checked 
with key medical staff (eg, a strategic purchaser and the 
hospital Chief Executive Officer (CEO)). Table 1 provides 
an overview of the products chosen, their generic and 
specific characteristics and their global trade item 
numbers, which enable the comparability of products.

Purchasing context and selection of hospitals
The Netherlands has 79 hospitals, of which 8 are 
academic hospitals. All of these hospitals are small, espe-
cially in an international perspective and compared 
with the size of the main suppliers of medical products. 
Nevertheless, Dutch hospitals purchase medical prod-
ucts on a decentralised level. This means each hospital is 
able to negotiate with medical suppliers independently. 
There is slight difference between two types of hospitals 
with regard to the way of tendering. Academic hospitals 
within the Netherlands have to use European tenders to 
select medical suppliers. General and specialised hospi-
tals can follow the process of European tendering but 
have more leeway to deviate from this process. Given this 
difference, we control for possible differences between 
academic and other hospitals in our analyses. The Dutch 
purchasing context is characterised by a strong focus on 
three parameters: cost reduction, risk management and 
service quality.

We selected hospitals based on a convenience sampling 
approach,13 including general, specialised and academic 
hospitals in the Netherlands. Gaining confidence and 
trust from the selected hospitals was a time-consuming 
process. The hesitation to participate was due to the 
hospitals’ perceived vulnerable position in relation to 
global medical suppliers. One of the authors personally 
contacted members of the top management of all Dutch 
hospitals to participate in the survey study and used NDAs 
where desired. The top managers subsequently asked the 
purchasers of their hospital to provide the requested data 
for the survey. Half of the Dutch hospitals, 38 out of a 
total of 79,14 voluntarily provided net purchase data for 
the selected 17 products between January 2017 and May 
2018. Only the research team knew which hospitals were 
included in the sample. We anonymised the data and 
then used these data for further analysis. Approval of our 
local ethics committee was not required as this research 
neither involved patients nor the members of the general 
public.

Patient and public involvement
In this study, the database we used was constructed from 
collected purchasing data through a cross-sectional self-
administered electronic survey among Dutch hospitals. 
No patients were directly involved in the design, planning 
and conception of this study.
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Survey design
For each product we determined the actual price paid 
excluding VAT per item, the order size per year, total 
spending for an assortment group and total spending for 
all products purchased from a specific supplier. We used 
a survey (in table format) in Microsoft Excel to collect net 
price data from 2017.

Hospital Purchase Benchmark
The Hospital Purchase Benchmark is a consumer-based, 
not-for-profit initiative designed by and for hospitals. 
We offered hospitals that participated in the study the 
Hospital Purchase Benchmark as a free tool which they 
could use to access the relevant purchase benchmark data 
related to medical products. Hospitals could use this tool 
to identify their relative position compared with other 
Dutch hospitals that use similar or equivalent medical 
products. We trusted in the expertise of the hospitals in 
selecting the best equivalent product in cases where they 
did not use the exact same products being surveyed, for 
example, an equivalent implant from another medical 
supplier. The benchmark provides graphs about price 
versus purchasing volume, total spending for an assort-
ment group and total spending for all products purchased 
from a specific supplier. We gave hospitals access to the 
Hospital Purchase Benchmark in exchange for informa-
tion about their purchase orders for the 17 predefined 
items. In other words, hospitals ‘paid’ with their data and 
received access to the Hospital Benchmark in return. 
The participating hospitals only received access to bench-
mark data available for the category for which they had 
provided purchasing data. Participants were allowed to 
iteratively provide more data. They were able to compare 
their actual prices paid (at the time when the data were 
collected) with other local and national hospitals to gain 
insight into their purchasing performance for medical 
products from different suppliers. Organisational names 
were anonymised within the benchmark tool and other 
participants were unable to relate data points to specific 
hospitals.

In some cases, hospitals that provided price data did 
not report data for purchasing volume (2 cases), the total 
spending for an assortment group (4 cases) or the total 
spending for all products purchased from a particular 
supplier (13 cases). In these cases, we used publicly avail-
able information from annual reports to determine the 
total revenue of each hospital. Based on the known data 
for the respective hospital and annual report data, we 
calculated predicted values and used these in our subse-
quent analyses.

Data analysis and results
All calculations and analyses were performed with Micro-
soft Excel for Windows (V.14.0.7194.5), IBM SPSS Statis-
tics (V.25) and Stata (V.13.1). Table 2 shows the surveyed 
net prices of the 17 products that we categorised based 
on physician preference. On the basis of this information, 

various measures of price variation discussed in the liter-
ature could have been calculated.15 However, many of 
these measures are only useful to characterise variations 
in price over time16 and are, therefore, not applicable 
to our study. Moreover, since the price variation was 
compared across products categories that vary substan-
tially in their absolute price, a measure of variation that 
is proportional to the mean was required.17 Three main 
measures are commonly used in such a situation: (1) Gini 
coefficients, (2) Theil’s information theoretic measure 
and (3) coefficients of variation.15 The third measure, the 
coefficient of variation, is the most widely used in price 
variation studies.18 We, therefore, chose this measure of 
price variation. For robustness, we also calculated the Gini 
coefficients and Theil’s information theoretic measure. 
We found that they correlate extremely strongly with the 
coefficient of variation (r>0.98). As such, the choice for 
a specific price variation measure did not influence our 
results.

First, the data presented in table 2 show that net prices 
for identical medical products vary significantly across 
the hospitals surveyed. The average coefficient of varia-
tion was 71%, with a maximum of 357% for sterile barrier 
systems packing material and a minimum of 19% for rein-
forced surgical gowns. Interestingly, the price variations 
are not systematically associated with the degree of physi-
cian preference for the product. If anything, there is a 
larger price variation for low physician preference prod-
ucts than for high physician preference products (the 
average coefficient of variation is 84% 49%). However, 
this difference is statistically insignificant due to large 
variations in price variation within each category. The 
boxplot in figure  1 illustrates this finding by displaying 
the price variance (normalised based on the mean and 
displayed with the median=0 and the SD=1) for each 
product ordered according to physician preference.

Based on the data presented in table 2, we estimated 
several regression models. Specifically, we estimated the 
effects on the price paid for each specific product of the 
(1) number of products purchased by the hospital, (2) 
total spending on the product category by the hospital, 
(3) total spending at this supplier by the hospital and 
(4) whether the hospital is an academic hospital or not. 
Given that our dependent variable is a scale variable, we 
used Ordinary Least Squares (OLS) regressions. Since 
the exact distribution of our dependent variable differs 
between products (ie, it is normally distributed for some 
products but skewed for others), we used robust stan-
dard errors in all of our models. Moreover, to ensure 
the robustness of our results, we also re-estimated all our 
models using log-transformed variables. The results of 
these analyses are identical in terms of signs and signif-
icances of coefficients as the ones reported in the paper 
and can be obtained from the authors on request.

The results presented in table 3 show purchasing a higher 
number of products resulted in a lower price per product 
for 15 of the 17 products. For 8 of these 15 products, the 
effect is statistically significant at the 90% level or higher. 
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Figure 1  Boxplot of net price ranges of medical products 
(excl. VAT) ranked on the extent of physician preference 
and normalized (based on median set to zero and standard 
deviation set to one), as of January 2017, for 38 Dutch 
hospitals.

These results are largely consistent with expectations, as 
purchasing larger volumes are generally associated with a 
stronger bargaining position. However, for total spending 
on the product category and for the total amount spent with 
the supplier, the results are not what we expected. Here, the 
effects we find are often positive and, in some cases, even 
statistically significantly positive. So, our conclusion is that 
higher levels of spending on a specific product assortment 
and a higher amount spent with a specific supplier do not 
lead to lower prices. Finally, we find no consistent effect of 
being an academic hospital on the price paid for medical 
products. The effect of this variable is positive in some cases 
and negative in others with an average effect of 0.

All in all, the models explain a relatively small amount 
of the differences in prices paid by hospitals. The average 
R2 is only 0.26, indicating that 74% of the price differ-
ences are not accounted for by our models. Combined 
with the fact that only the number of products bought 
has the expected negative effect on prices, we conclude 
that the market for medical products does not function as 
a regular market where there is a low variation in prices 
and price variations can be explained by differences in 
bargaining power. Interestingly, the large price variation 
in medical products also does not seem to be systemati-
cally associated with the degree of physician preference.

Discussion
The net price variance of 17 medical products in Dutch 
hospitals is substantial and, in some cases, enormous. 
Various economists12 argue that purchasing volume, total 
spending for an assortment group and total spending for 
all products from a specific supplier should be negatively 
correlated to the price paid, as these factors are proxies 
for bargaining power. However, we conclude that of these 
factors only the purchasing volume is negatively associated 
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with prices paid and the remaining unexplained price 
variation is substantial (ie, 74% on average).

Price mechanisms in the medical products market are 
often counterintuitive and contrary to expectations based 
on economic theory. The results imply that the pricing of 
medical products is opaque, and it remains unclear how 
price and discount mechanisms in this market work, even 
in a small country such as the Netherlands. An important 
reason for this seems to be that hospitals are simply not 
aware of what other hospitals are paying for medical 
products. Despite the huge price variations, we found 
that the vast majority of the hospitals believe they are 
paying the lowest price. This widespread belief is certainly 
not supported by our findings. Moreover, the role of the 
physician preference politics remains vague.

A limitation of our study is that we do not know what 
explains the remaining 74% of the price variation observed. 
However, we can rule out the influence of certain factors 
due to the set-up of our study. For example, we can say that 
open source and international comparisons of prices of 
medical products are rare to due secrecy concerning those 
prices.6 As a result, such comparisons are based on list 
prices and not actual prices paid and are therefore rather 
uninformative. They are therefore unlikely to be helpful 
to hospitals in their negotiations with medical suppliers.8 
Moreover, competition between medical suppliers could 
influence the prices paid for a specific product but this 
competition should exert a general downward pressure on 
the price of a product and should not lead to price varia-
tion between hospitals within a product category. The same 
holds for patenting and the life cycle of medical products. 
Even though it is speculative, we believe that the opaque 
market conditions for medical products results in a situa-
tion in which procurement skills and the social capital of 
purchasers play a large role.

Managerial implications
The actual prices paid for medical products are often 
secret, due to NDAs between medical suppliers and hospi-
tals. Uniquely, the Hospital Purchase Benchmark tool 
used in this study is based on actual prices. This provides 
the purchasing departments of hospitals with crucial price 
information to facilitate strategic decisions. The benchmark 
creates a more level playing field between hospitals and 
medical suppliers. Thanks to the use of actual price infor-
mation, it increases price transparency. This information 
strengthens the bargaining position of hospitals, because 
they can determine their relative price position compared 
with other hospitals within the same country, allowing the 
market to function more effectively. The necessity and 
continuity of the Hospital Purchase Benchmark is thus of 
crucial importance, since the enormous net price variance 
and the lack of applicability of standard economic rules 
make the medical products market opaque. The Hospital 
Purchase Benchmark is currently the only mechanism 
that gives participating Dutch hospitals extensive insight 
into their bargaining position as well as the possibility to 
strengthen this position, thereby creating an opportunity to 



8 den Ambtman A, et al. BMJ Open 2020;10:e035174. doi:10.1136/bmjopen-2019-035174

Open access�

improve the market for medical products. Since healthcare 
costs are continuously increasing, it is important to note 
that the use of benchmarking tools such as the Hospital 
Purchase Benchmark can counteract the upwards spiral of 
increasing costs and eventually start to reduce them. Some-
what counterintuitively, we observed larger price variations 
for low physician preference products than for high physi-
cian preference products. We therefore recommend that 
strategic purchasers pay particular attention to commodity 
goods.

Limitations and future research
Despite the fact that our study makes an important 
contribution by providing several new insights, it natu-
rally also has its limitations. First, it only focuses on 
the Dutch context. Exploring—and comparing—the 
price variance mechanisms in an international setting is 
necessary, because the international market is subject to 
diverse legislation, which makes it even more opaque. 
We propose cross-country price comparisons including 
actual prices paid and the continued use of the Hospital 
Purchase Benchmark to open up price transparency.

Second, the issue of transparency at the market level 
also translates to the intraorganisational level. The actual 
purchase of products within the hospital is usually done by 
the purchasing department and not by actors on the shop 
floor, such as physicians. This makes it interesting to further 
investigate the influence of physician preferences on price 
and discount mechanisms at the intraorganisational level.

Third, acquiring the net price data of half of the Dutch 
hospitals by means of a cross-sectional survey was chal-
lenging and using a longitudinal design was impossible. 
Many hospitals were initially reluctant to participate in the 
research because they were hesitant to share data due to 
NDAs signed with medical suppliers and the risk of a lawsuit. 
They also felt that participation in this research might harm 
their discount agreements with medical suppliers. This situ-
ation probably stems from the difference in power between 
hospitals and medical suppliers, which is an avenue for 
future research. Medical suppliers can make shrewd use of 
the diversity and confidentiality created by NDAs. Due to the 
NDAs, they are able to prevent information being shared 
between hospitals, which make it difficult for purchasers to 
negotiate fair prices. Future research could focus on thor-
oughly understanding the power balance between hospitals 
and medical suppliers.

Finally, our dataset only focuses on medical products 
and, in fact, a limited number of these products. Future 
research could add broader product portfolios or even 
product assortment groups such as implants, suture 
material or medicines. We therefore suggest extending 
and deepening the Hospital Purchase Benchmark by 
including information from different product assort-
ments, hospitals participating in purchasing organisations 
and collaborative purchasing partnerships and markets, 
such as those for medicines. Further development of 
the Hospital Purchase Benchmark is needed to allow 

hospitals worldwide to compare negotiated net prices on 
a wide range of medical products and medicines. This 
research is the start of an initiative by and for hospitals to 
use a benchmark as a crucial tool for partially resolving 
the current information asymmetry between medical 
suppliers and hospitals. It will hopefully strengthen the 
position of nationally oriented hospitals compared with 
medical suppliers that operate globally.

Notwithstanding these limitations and needs for future 
research, hospital purchase benchmarks are of growing 
importance to open up price transparency without NDAs, 
which translates directly in bringing about change to secure 
more affordable and accessible healthcare in the future.
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