
 1 

A cost minimization analysis of olive oil vs. hyperoxygenated fatty acid treatment 

for the prevention of pressure ulcers in primary healthcare: A randomized 

controlled trial 

 

Inmaculada Lupiañez-Pérez, RN, MSc, PhD1,2; Juan Carlos Morilla-Herrera, RN, MSc, 

PhD1,2; Shakira Kaknani-Uttumchandani, RN, MIH, PhD2; Yolanda Lupiañez-Pérez, 

RN, MSc, PhD3; Magdalena Cuevas-Fernandez-Gallego, RN,MSc, PhD1,2; Francisco 

Martin-Santos, RN, MSc1,2; Jorge Caro-Bautista, RN, MSc, PhD1; Jose Miguel Morales-

Asencio, RN, BSc, PhD2 

 

1. Malaga-Guadalhorce Primary Healthcare District, Andalusian Health Service, 

2. Faculty of Health Sciences. University of Malaga, and 

3. Virgen de la Victoria University Hospital, Andalusian Health Service, Malaga 

 

ABSTRACT 

Pressure ulcers represent a major current health problem and cause an important 

economic impact on the healthcare system. Most studies on the prevention of pressure 

ulcers have been carried out in hospital contexts, with respect to the use of 

hyperoxygenated fatty acids (HOFA), and to date no studies have specifically examined 

the use of olive oil-based treatments. Aim: To evaluate the cost of using extra virgin olive 

oil, rather than HOFA, in the prevention of pressure ulcers among persons with impaired 

mobility and receiving home care. Study Design: Cost minimization analysis of the 

results obtained from a noninferiority, triple-blind, parallel, multicenter, randomized 

clinical trial. Population attending primary healthcare centers in Andalusia (Spain). Study 

sample: 831 immobilized patients at risk of suffering pressure ulcers. These persons were 

included in the study and randomly assigned as follows: 437 to the olive oil group and 

394 to the HOFA group. At the end of the follow-up period, the results obtained by the 

olive oil group were not inferior to those of the HOFA group, and did not exceed the 10% 

delta limit. The total treatment cost for 16 weeks was € 19,758 with HOFAs and € 9,566 

with olive oil. Overall, the olive oil treatment was € 10,192 less costly. It has been 

concluded the noninferiority of olive oil makes this product an effective alternative for 

the prevention of pressure ulcers in patients who are immobilized and in a domestic 

environment. This treatment enables considerable savings in direct costs. 

Trial registration: Clinicaltrials.gov Identifier: NCT01595347. Date: 2011-2013 
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Pressure ulcers have a major impact on the family, society, and the economy. First, 

because they commonly occur in healthcare and social attention. Their prevalence in 

hospitals in Spain (8.24%)1 is very similar to corresponding values for neighboring 

countries such as Italy (8.3%), France (8.9%), Germany (10.2%), and Portugal (12.5%)2,3 

and also to those of more distant countries, such as Jordan (12%)4. The highest prevalence 

values reported correspond to Ireland (18.5%), Wales (26.7%)5,Belgium (21.1%), United 

Kingdom (21.9%), Denmark (22.7%), and Sweden (23.0%)6 With respect to the 

occurrence of pressure ulcers in homes for the elderly, perhaps the most important study 

carried out is that by Park-Lee7, who analyzed the situation of nursing homes in the United 

States and recorded a prevalence of 11%. In Spain, nursing homes have reported a crude 

prevalence of 6.39% with an average prevalence of 7.35% 66.4% (median 5.55)1. In 

primary healthcare, and specifically in patients receiving home care, a crude prevalence 

rate of 5.89% has been reported1.  

 

This problem, in addition to the clinical implications and the personal suffering it causes, 

is a challenge from the point of view of the costs provoked. Studies have analyzed the 

economic costs associated with ulcers, both from a global perspective (that of the 

financial repercussions) and concerning the impact on the individual8. 

 

Compared to other health problems, which at first glance might appear to be of much 

greater significance to the health system and society in general, pressure ulcers are in fact 

of major importance. Thus, annual spending on antiretroviral treatment is around € 422 

million, while the annual cost of the most economic option related to the treatment of 

pressure ulcers (moist wound healing) is € 461 million, while that of the most costly 

approach (traditional healing) is € 602 million9. These figures give an idea of the 

importance of pressure ulcers in health service planning and decisions, taking into 

account, moreover, that population aging and increasingly common situations of chronic 

dependence will only increase the probability of this problem occurring.10 Preventive 

strategies are of special importance8,11, both for patients and for service providers and 

decision makers, as such strategies have been shown to reduce incremental costs, 

reducing the prevalence of ulcers and also the numbers of avoidable deaths, in different 

care settings12,13 and under different treatment approaches14,15. 
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One type of preventive intervention of pressure ulcers that is widely used in nursing is 

the application of hyperoxygenated fatty acids (HOFA), although the quality of research 

evidence is limited because most studies have been conducted vs. a placebo and have 

suffered considerable imprecision in the results reported, as well as being subject to 

additional costs16,17.1 Important results were obtained by Torra i Bou, who reported an 

incidence of pressure ulcers of 7.32% in the HOFA group vs. 17.37% in the placebo 

group18. Our research group conducted a clinical trial focused on the use of olive oil as a 

preventive strategy against pressure ulcers, taking into account the high concentration of 

antioxidants in this substance and its great resistance to oxidation. The resistance of the 

skin is enhanced by the oleic acids in the oil, which are of key importance in 

reconstructing the cellular membranes, renewing the epidermal cells and restoring 

capillary circulation, thus increasing microcirculation19,21.By means of a multicenter 

randomized triple-blind controlled noninferiority trial, we evaluated the noninferiority of 

virgin extra olive oil vs. HOFA. The results obtained show that none of the body areas 

evaluated presented risk differences for pressure ulcer incidence that exceeded the 

preestablished 10% delta value22. However, despite these promising clinical results, to 

date no information has been published concerning the cost implications of such an 

intervention. The aim of the present study is to evaluate the economic impact of the 

treatment strategy described. 

 

METHODS 

Trial design 

This analysis is based on the interventions carried out in a non-inferiority triple-blind 

parallel multicenter randomized clinical trial, performed in a primary health setting with 

home care patients. The study protocol, the sample characteristics and the clinical 

outcomes are reported elsewhere22.The study consisted of two different interventions: 

usual care, with the application of HOFA to the control group, and usual care with the 

application of an olive oil composition to the target group. The most important outcome 

was the appearance of Stage 2 or higher-pressure ulcers at 16 weeks of follow up. A cost 

minimization analysis comparing olive oil and HOFA was carried out. This form of 

economic analysis was considered to be the most appropriate for assessing treatment 

options that are equivalent in terms of efficacy and safety23. 
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Recruitment and selection 

The study population was composed of patients included in the immobilized patients 

program and receiving the home nursing service provided by health centers in Andalusia 

(Spain). Our sample characteristics were similar to those observed in previous HOFA 

efficacy trials24-26. 

Patients were excluded if their permanent address was external to the catchment area of 

the corresponding health center, if they were assigned to another area, if they refused to 

take part in the study during the follow-up period, if hospitalization was required during 

the sampling period, if they were critically ill or if the screening revealed the current 

presence of a pressure ulcer. The following inclusion criteria were applied: patients aged 

over 18 years, who had the support of a family member or paid caregiver for treatment 

application, who were at risk of impaired skin integrity according to the Braden Scale 

≤16, who were examined by a nurse and who presented a nutritional status of ≤10 

according to the Mini Nutritional Assessment. Patients included in the study were 

randomly allocated to a 1: 1 control/target group scheme by a computer system blinded 

to the professionals and the research team. When a patient met the inclusion criteria, 

his/her nurse was informed of the group to which they were allocated by means of a 

telephone call from a centralized randomization unit. 

 

Outcome measures 

The general outcome measure applied was the incidence of Stage 2 pressure ulcers during 

the 16-week follow-up period, according to the International NPUAP/EPUAP pressure 

ulcer classification system (partial thickness skin loss).27 A baseline assessment was 

conducted on all patients at the beginning of the trial and repeated each week until the 

conclusion of the follow-up period, or until the appearance of a pressure ulcer. 

Sociodemographic and specific patient variables were collected. 

 

Direct costs 

In this clinical trial, both products (olive oil and HOFA) were masked with the same 

presentation. For the cost minimization analysis, we calculated the price of a unit dose of 

each product, based on the price per application (spray). 

The amount of product consumed by each spray was 0.133 ml, and so the cost of spraying 

with olive oil was € 0.02384 and with HOFA it was € 0.05719. According to the 

intervention protocol for this clinical trial, every patient received 10 sprays per day in 
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total, distributed in two daily applications in five zones (2 heels12 trochanters11 sacrum), 

in each branch of the study. Thus, the daily cost per patient was € 0.2384 with olive oil 

and € 0.5719 with HOFA. Subsequently, the weekly treatment cost was calculated by 

computing the weekly compliance for each patient, adjusted by the price per dose of the 

product. 

 

In its commercial presentation of 100 ml, HOFA costs e43 and, according to the 

manufacturer, this is sufficient for 750 applications. The commercial presentation of the 

olive oil preparation contains 100 ml and costs € 18. According to the manufacturer, this 

is sufficient for 1,000 applications. 

 

The study was carried out from 2012 to 2015. 

 

No structural fixed costs were assigned to either of the products because in all cases this 

healthcare was provided in the patient’s home. Neither was it possible to assess the cost 

of family care, because this factor is difficult to determine and subject to considerable 

variability. The presence or otherwise of a salaried caregiver was also excluded from our 

cost calculation, because this consideration would generate bias in the estimation with 

respect to patients who did not use such a person. Finally, we were unable to assess 

intangible costs arising from aspects such as the level of pain suffered during the process. 

 

Ethics statement 

This study was approved by the ethics committee of the Malaga Regional Hospital. 

Informed consent 

Written informed consent was obtained from all participants involved in the study. 

 

Procedure 

Both groups were instructed regarding preventive care28. The patients in the control group 

received two applications per day in five zones (10 applications in total) of the HOFA-

based product, in the sacral area and on the hips and heels. The HOFA product used 

offered the CE mark, Class IIb, a higher classification than that of competing products. 

The olive oil procedure involved applying a magistral formula, in liquid spray form, 

containing 97% extra-virgin olive oil and 3% Hypericum perforatum and peppermint. 

This group, too, received two applications per day in five zones (10 applications in total). 
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Any presence of pressure ulcer was recorded in the weekly follow-up report, stating also 

whether skin integrity was maintained. Any adverse effects occurring during the follow-

up period were reported using a purpose-designed document. 

 

Statistical analysis 

Descriptive statistics were obtained, with measures of central tendency and dispersion 

and the verification of normal distributions. In addition, the difference of the means was 

calculated for each week of treatment and for the overall period, using nonparametric 

Wilcoxon tests. 

 

Analyses were performed per protocol, in accordance with the standard indications for 

noninferiority studies, and included all patients who completed the follow-up period and 

received the treatment assigned, to maximize the difference between treatments and to 

strengthen the conditions for rejection of the null hypothesis. However, an analysis by 

intention to treat was also performed, to compare the two analyses and to assess, in the 

absence of coincidence, the subgroups of patients who did not fulfil the study protocol, 

to identify possible causes of treatment dropout, before rejecting or accepting the null 

hypothesis. In this analysis, missing data were estimated by multiple imputation, a 

process in which five imputations were made for each variable (the incidence of any 

pressure ulcer in the sacrum, hips or heels)29,30. 

 

The following monotonic method was applied if the data presented a monotonic pattern 

of missing values. A univariate model (with a single dependent variable) was fitted to 

each variable of the monotonic order, using all previous variables (incidence of pressure 

ulcers) as predictors, and then imputing the missing values of the variables being fitted. 

Otherwise, the fully conditional specification was used. The imputation model of each 

variable included a constant term and the main effects of the predictor variables. 

 

Finally, a sensitivity analysis was conducted to determine possible differences between 

patients who complied with the protocol and those who did not, to estimate potential bias 

in this respect. This analysis was performed on the following variables: patient sex and 

age, sex of the family caregiver, degree of mobility, history of pressure ulcers, cognitive 

impairment, incontinence, diabetes, other chronic diseases, technical aids, ankle 
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protectors, and other pressure relief devices, and the prior use of another product for the 

prevention/relief of pressure ulcers. A longitudinal analysis was performed using the Cox 

proportional regression model, for the 16-week follow-up period, to estimate the hazard 

ratio for pressure ulcers with respect to sex, age, nutritional status, pressure ulcer history, 

cognitive status, type of product, degree of mobility, and risk of pressure ulcer (measured 

on the Braden scale). 

 

Statistical analyses were performed using SPSS 22 software. 

 

RESULTS 

Eight hundred thirty-one persons were included in the study, and randomly assigned as 

follows: 437 to the olive oil group and 394 to the HOFA group, with no differences in 

baseline characteristics between the groups. In the between-groups analysis, conducted at 

the end of the follow-up period, per protocol, none of the body areas evaluated presented 

risk differences for pressure ulcer incidence that exceeded the pre-established 10% delta 

value. The intention-to-treat analysis showed that the lower limit of the confidence 

interval established for noninferiority was not exceeded in any of the areas assessed22. 

 

Thus, the absolute risk reduction in pressure ulcers with imputed data at week 16 in the 

sacrum was 20.2 (95%CI: 22.3 to 1.8; p50.282), on the right heel 6.2 (95%CI: 20.1 to 

12.5; p50.264), on the left heel 5.9 (95%CI: 20.4 to 12.2; p50.250), on the right trochanter 

6.8 (95%CI: 0.5 to 13.1; p50.515), and on the left trochanter 3.2 (95%CI: 21.3 to 7.7; 

p50.257). 

 

The total treatment cost for 16 weeks was € 19,758 with HOFA and € 9,566 with olive 

oil. The overall cost difference between the two treatments was € 10,192 in favor of olive 

oil. Throughout the follow-up period, the total treatment cost for the HOFA group doubled 

that of the olive oil group (see Figure 1). Thus, in week 1, the treatment cost in the olive 

oil group was € 729, vs. € 1574 euros for the HOFA group. In week 8, halfway through 

the followup period, the costs were € 606 and € 1282, respectively. Finally, in week 16, 

the costs were € 523 and € 1039, respectively. The weekly cost per patient throughout the 

study is shown in Figure 1 (€ 1.60 for olive oil, and € 4.00 for HOFA). 

The total cost comparison, over 4-week periods and overall, confirms the difference 

illustrated in Figure 1. During the first 4-week period, the treatment costs were € 2,757 
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for olive oil and € 5,811 for HOFA; in the second, they were € 2,463 and € 5,242, 

respectively; in the third, they were € 2,244 and € 4,527, respectively; and in the fourth, 

they were € 2,102 and € 4,179, respectively. The cost of the entire follow-up period with 

olive oil treatment was € 9,566 compared to € 19,758 in the HOFA group. 

 

DISCUSSION 

The results obtained confirm the non-inferiority of the olive oil treatment. There were no 

differences exceeding the lower limit of the confidence interval. Thus, the olive oil 

preparation is no less effective than HOFA for preventing pressure ulcers in immobilized 

patients in a home setting. 

 

This clinical trial highlights the feasibility of preventing pressure ulcers at considerable 

economic savings amounting to € 10,192 during the study period, by means of the olive 

oil alternative treatment. 

 

The costs of treating pressure ulcers represent a significant outlay for the healthcare 

system and for society in general, and for this reason cost-effective prevention is the main 

focus of this study. Significant reductions in direct and indirect costs could be achieved 

by reducing the incidence of pressure ulcers; this would lower drug costs, alleviate the 

workload of healthcare professionals, shorten hospital stays, and even decrease rates of 

morbidity among carers related to overload and stress. A lower product cost would enable 

greater accessibility to it, thus providing the health system with cost savings and 

constituting an alternative treatment to HOFA. 

 

The cost of treating a pressure ulcer increases substantially in direct proportion to the 

severity of the ulcer, ranging from € 24 euros for Grade I to € 6,802 euros for Grade IV 

for patients treated in hospitals31.The total annual cost of treating pressure ulcers in Spain 

is about € 461 million, which represents 5% of total health spending; of this amount, 

dressings and other materials account for 15%, nursing time another 19%, and the extra 

hospital time required by these lesions, another 45%. 

 

There is broad consensus that prevention is the most efficient means of addressing the 

problem, in view of the substantial cost of treatment32-35, hence the importance of 

continuing research into prevention. 
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In view of the major economic savings reflected in this study, we believe that the results 

we report, for the different scenarios, are of great importance. For example, in the 

domestic setting, patients can be offered a treatment alternative providing a financial 

saving of over 50% compared to the conventional approach. In a context of major 

socioeconomic inequalities, as is the case of healthcare in the home, and moreover, 

exacerbated by the current financial crisis, access to high-cost measures that are not 

funded by the public health system can be an almost insuperable problem for persons with 

low incomes36.In future studies in this area, it would be useful to examine the question of 

accessibility and the use of different treatment options, taking into account the existence 

of different social profiles. 

 

As regards the management of healthcare services, our results show that there is an 

interesting alternative which could significantly reduce pharmaceutical expenditure. If, 

as expected, this achieved a lower incidence of pressure ulcers, it would very likely have 

a direct impact in reducing the consumption of human resources for the treatment of 

active pressure ulcers and of materials for treating this condition, with the consequent 

reduction in costs. However, further studies are needed to specifically assess this potential 

impact on the costs of human resources. 

 

A decrease in the prevalence of pressure ulcers would shorten the total number of hospital 

stays and thus reduce costs11,13, although the full extent of these benefits remains to be 

established. Finally, although the relationship is indirect, it is also necessary to evaluate 

the potential impact of this change on reducing the morbidity of overload among 

caregivers. 

 

However, another factor that must be taken into consideration is that of potential 

organizational barriers to the development of prevention policies within the public 

healthcare system. Hospitals and health district administrators may be reluctant to pay 

more for the prevention of an event such as pressure ulcers, which may or may not appear. 

Nevertheless, our study shows that prevention with the olive oil treatment is even cheaper 

than the HOFA alternative and that the apparent increase in initial costs would not be 

accompanied by a budget increase, because the benefits of the prevention strategy would 
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offset the additional investment made. These claims need to be experimentally proven in 

the context of healthcare in Spain, to determine the precise savings that could be achieved. 

 

To the best of our knowledge, to date no specific studies have been conducted into the 

cost of preventing pressure ulcers in the domestic context, but various cost-effectiveness 

analyses have been performed in hospitals and nursing homes, and all of them report very 

significant data on the profitability of preventive measures, although with several 

limitations. These findings can serve as valuable indications for future research. One such 

study is that by Shannon37, who evaluated pressure ulcer prevention strategies in nursing 

homes and rehabilitation centers and measured a 67% incidence attributable to preventive 

measures. Similarly, Mathiesen12 demonstrated that pressure ulcer prevention programs 

in Danish hospitals can be profitable. Finally, Padula13 concluded that the prevention of 

nosocomial pressure ulcers was more cost effective than standard care. 

 

Specific research is required, especially in the home environment, into cost effectiveness 

and cost utility, comparing this new intervention with other possible preventive 

interventions, together with specific studies into the cost of prevention vs. the cost of 

treatment of pressure ulcers, addressing the following issues: the impact of a declining 

incidence of pressure ulcers on treatment costs, comparing methods aimed at prevention 

with those oriented toward treatment; and determining the threshold at which the cost of 

preventing pressure ulcers is greater than its cost effectiveness. 

 

Limitations 

 

In the cost analysis performed, indirect costs such as the inputs of formal and informal 

caregivers were not included in the model because this variable is difficult to obtain and 

is subject to high variability. Moreover, when a salaried caregiver was present, this 

circumstance was not included in the cost calculations, because it would generate a bias 

with respect to patients who did not have this benefit. Finally, the intangible costs related 

to the suffering of the patient could not be calculated.  

 

We acknowledge that family caregivers could have paid greater attention to pressure 

ulcers as a result of their participation in this study. Nevertheless, this phenomenon could 

have occurred in both or either of the groups, and the triple blinded randomized controlled 
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study design prevented any potential bias in favor of either group. The product was 

masked for caregivers and nurses, and the conditions for its administration were of routine 

practice, within the usual care that the family caregivers provided. Moreover, it is unlikely 

that the study would raise caregivers’ attention, as monitoring of the skin in risk areas is 

a common practice in this type of home healthcare, managed and guided by community 

nurses. 
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