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Aims:

Diabetic foot ulcer (DFU) has a poor prognosis and high amputation rate. We previously used the French National Health Data System (Syst`eme National des Donn´ees de Sant´e: SNDS) to analyze the impact of deprivation and healthcare access on DFU prognosis. The purpose of this ancillary study was to explore the relationship between the global care pathway (care consumption) the year before and after DFU and the risk of amputation.

Methods:

We conducted a study based on a cohort from the SNDS. The data came from a region of France and subjects living with a complication of DFU. We looked at care consumption one year before and one year after wound onset. Risk of amputation was calculated one year after DFU onset.

Results:

Data were extracted for 6,642 patients. Subjects with DFU had a better prognosis regarding amputation risk when they are taking cardiovascular, antibiotic, neurological, drugs. A consultation with an ophthalmologist was also linked to a better prognosis: HR = 0.71 IC95 (0.499-0.995) (p = 0.04).

Conclusion:

People with the best diabetes follow-up, even with several comorbidities, appear to have a better prognosis for their DFU. This highlights the importance of global healthcare and the care pathway in this chronic disease.

Introduction

Diabetes mellitus is complicated by diabetic foot ulcer (DFU) in one in five to one in three people living with diabetes during their lifetimes [START_REF] Armstrong | Diabetic Foot Ulcers and Their Recurrence[END_REF]. In addition to this high incidence, DFU has a poor prognosis, with a 43.8% amputation rate and a 51.7% mortality rate 6 years after hospitalization for the ulcer [START_REF] Ghanassia | Long-Term Outcome and Disability of Diabetic Patients Hospitalized for Diabetic Foot Ulcers[END_REF]. Moreover, the cost of DFU is estimated to be more than 17 billion dollars in the USA [START_REF] Boulton | The global burden of diabetic foot disease[END_REF]. Yet, few studies have considered the quality of the healthcare pathway before DFU as a predictive factor of healing.

We previously used the French National Health Data System (Système National des Données de Santé: SNDS) to analyze the impact of social deprivation and healthcare access on DFU prognosis [START_REF] Bonnet | Effects of social deprivation and healthcare access on major amputation following a diabetic foot ulcer in a French administrative area: Analysis using the French claim data[END_REF]. The SNDS database records health data for over 99% of the French population and all insurance reimbursements in the French universal social healthcare system [START_REF] Tuppin | Value of a national administrative database to guide public decisions: From the syst`eme national d'information interr´egimes de l'Assurance Maladie (SNIIRAM) to the syst`eme national des donn´ees de sant´e (SNDS) in France[END_REF]. We highlighted that four out of five DFU patients had not been hospitalized and therefore were not part of the large hospital cohorts already studied.

Although comorbidities, such as chronic kidney disease [START_REF] Bonnet | Narrative Review of the relationship between chronic kidney disease and diabetic foot ulcer[END_REF], cardiovascular disease [START_REF] Meloni | A multidisciplinary team reduces in-hospital clinical complications and mortality in patients with diabetic foot ulcers[END_REF], diabetic retinopathy [START_REF] Ramsey | Keeping an eye on the diabetic foot: The connection between diabetic eye disease and wound healing in the lower extremity[END_REF] have been described as factors of DFU poor prognosis with an increased in amputation risk, it is unknown whether management of these comorbidities could impact on the DFU prognosis. Moreover, assess glycemic status with HbA1c monitoring is also recommended [START_REF] Elsayed | Glycemic Targets: Standards of Care in Diabetes-2023[END_REF] although the impact of glycemic control on the risk of amputation is described but debated [START_REF] Wang | Diabetic foot ulcers: Classification, risk factors and management[END_REF][START_REF] Fernando | Intensive versus conventional glycaemic control for treating diabetic foot ulcers[END_REF].

Regarding healthcare professionals, we previously highlighted the link between the presence of a nurse in the living area of the patient and the reduced risk of amputation [START_REF] Bonnet | Effects of social deprivation and healthcare access on major amputation following a diabetic foot ulcer in a French administrative area: Analysis using the French claim data[END_REF]. The international working group for diabetic foot proposed a strategy for management of DFU. [START_REF] Schaper | Practical Guidelines on the prevention and management of diabetic foot disease (IWGDF 2019 update)[END_REF]. Podiatrists play a critical role in the management.

All these contacts with the healthcare system (consultation, drug consumption, biology) are referred to as "global healthcare pathway". The association between this global healthcare pathway before or after the wound and DFU prognosis is under-studied.

Therefore, the purpose of the present study was to explore the relationship between healthcare consumption (drug consumption, nurse or physician visits) the year before and the year after DFU onset and DFU prognosis in terms of amputation risk.

Methods

Study design

We conducted a study based on a retrospective cohort. The data came from a region in the south of France, eastern Occitanie (formerly Languedoc-Roussillon), which is an administrative area with a population of 2.727 million people. All the medical data that were extracted from the SNDS were anonymized. Patients were included from January 2016 to December 2017.

Population

The population was defined as subjects living with any type of diabetes with a complication of DFU. This study used an algorithm for the inclusion of people with DFU through the SNDS [START_REF] Bonnet | Effects of social deprivation and healthcare access on major amputation following a diabetic foot ulcer in a French administrative area: Analysis using the French claim data[END_REF].

Outcome

Variables

Statistical analysis

Sample size was not calculated, as the entire database of the region was analyzed. In addition, a descriptive analysis is provided. Standardized incidences were obtained using direct standardization, with the entire included population as the reference population.

Kaplan-Meier curves are displayed according to the health consumption data, and univariate hazard ratios were computed using Cox models after assessment of the linearity hypothesis and the proportional hazard hypothesis. Statistical analysis was performed using SAS 9.4.

Ethic

This study was part of the usual public health assessment of the Regional Medical Department of the Caisse Nationale d'Assurance Maladie (CNAM), the national health insurance institution in charge of the SNDS. Therefore, there was no need to obtain authorization from a Research Review Board.

Results

Population

Data were extracted on 6,642 patients. The mean age was 71.8 (SD 13.7) years, and 54.5% were male. The number of amputations was 2.03 per 100 patient-years (Table 1). Men had a higher risk of amputation (Fig. 1). The analysis showed that 97% of the population had pharmacologic treatment for diabetes, and 42% were reimbursed for insulin. Subjects with an insulin reimbursement had a worse prognosis for amputation risk: HR = 2.18 IC95 (0.50-0.99) (p = 0.047). The average duration for bandage reimbursements was 105 days (SD: 167) but the median duration was only about 59 days, which is concordant with the wide distribution of healing times (Table 1).

Impact of comorbidities on amputation risk

68% of subjects had at least two reimbursements of HbA1c dosing in the year before DFU without impact on the DFU prognosis. Regarding comorbidities treatment, a better prognosis for amputation was observed for patients taking cardiovascular drugs, antibiotics or neurological drugs. (Fig. 1).

Impact of healthcare professionals on amputation risk

Ninety-eight percent of the subjects had contact with their GP and 21% with an endocrinologist in the year before DFU occurrence (Table 1). A large proportion had a previous contact with a private-practice nurse (82.1%). Visits to these professionals were not statistically linked to the amputation rate. However, a consultation with an ophthalmologist in the year before DFU, 47% of the population, was associated with a better prognosis: HR = 0.71 IC95 (0.50-1.00) (p = 0.04).

Among subjects with a podiatrist reimbursement in the year before the wound (25.7%), the mean number of consultations was 2.47 (Fig. 1).

Reimbursement for offloading shoes was related to a worse prognosis, whether the reimbursement was before (15.5% of the population concerned) or after (20.8% of the population concerned) the beginning of the wound (Table 1).

Discussion

In this study, we highlighted that patients who were reimbursed for neurological, cardiovascular, or antibiotic drugs, or who had a consultation with an ophthalmologist in the year prior to the wound, had reduced amputation risk. We also confirmed some known factors of a poor progression of DFU such as male sex [START_REF] Sen | Meta-analysis of risk factors for amputation in diabetic foot infections[END_REF], insulin need [START_REF] Cox | Locality deprivation and Type 2 diabetes incidence: A local test of relative inequalities[END_REF], and previous DFU revealed by the recent purchase of offloading shoes [START_REF] Sen | Meta-analysis of risk factors for amputation in diabetic foot infections[END_REF].

Care for comorbidities

Receiving several drug reimbursements was related to a reduced risk of amputation, although paradoxically this finding should have revealed those patients with more comorbidities. First, we assume that not all the patients who needed these drugs were granted an appropriate prescription. This assumption was previously highlighted for the achievement of LDL targets in high-risk people living with diabetes [START_REF] Breuker | Nonachievement of LDL-cholesterol targets in patients with diabetes at very-high cardiovascular risk receiving statin treatment: Incidence and risk factors[END_REF]. Second, we can assume that good management of other diabetic complications, such as cardiovascular, might be a benefit for reducing amputation risk after DFU Assuming that all people living with diabetes, and even more so with a complication of diabetes, have a very high cardiovascular risk, the probability of not achieving the LDL-cholesterol target without treatment target is significant. This result is therefore probably in favor of reducing LDL cholesterol levels to reduce the risk of amputation. It was not within the scope of our study to determine the exposure time required to reduce this risk. This is a matter for further study. Thus, early management of these complications may prevent the development of more serious comorbidities. Therefore, comprehensive care of the person living with diabetes appears to have a positive impact on amputation risk after DFU, but further studies are needed.

Global care pathway

Nearly half our population had the annual ophthalmologist check-up and had reduced amputation risk. However, although ophthalmological complications are related to DFU [START_REF] Gazzaruso | Impact of microvascular complications on the outcomes of diabetic foot in type 2 diabetic patients with documented peripheral artery disease[END_REF], ophthalmologists are not generally involved in DFU prevention or management. Yet patients with regular follow-up might be better integrated into a healthcare pathway and thus treated earlier. To our knowledge, this is the first result of this kind for DFU prognosis. Interestingly, we did not have a similar result for a consultation with an endocrinologist (who in France are diabetologists), although only one patient in five consulted one. The GP was not tested because almost all the population had had a consultation. An evaluation of the number of GP visits and their regularity could be a next objective.

Podiatrist and offloading shoes

The few number of podiatrist consultations in a population specifically made up of patients with DFU raises questions. Efforts to systematize these consultations should help to reduce the incidence of DFU and, perhaps, a certain number of patients should not have ended up in our cohort if they had been provided with these consultations. Elsewhere, it is quite disturbing to not observe an increase in offloading shoes refunds after DFU onset when offloading is known as one of the most effective treatment for DFU. It is right that offloading shoes price is known to be a hindrance [START_REF] Bus | Guidelines on the prevention of foot ulcers in persons with diabetes (IWGDF 2019 update)[END_REF]. The link between amputation risk and an offloading shoes refund is more likely to be related to more serious DFU. Furthermore, the introduction of podiatric care has been previously linked to a decrease in the number of amputations [START_REF] Schmidt | Podiatry impact on high-low amputation ratio characteristics: A 16-year retrospective study[END_REF] and is a keystone of the International Working Group for Diabetic Foot (IWGDF) guidelines [START_REF] Schaper | Practical Guidelines on the prevention and management of diabetic foot disease (IWGDF 2019 update)[END_REF].

Strengths and limitations

The first strength of our study lies in its power and exhaustiveness. To our knowledge, this is the first broad epidemiological study in France that focuses on patients with DFU, whether or not it led to hospitalization, and healthcare consumption.

The use of the SNDS database offers the advantage of exhaustiveness, with this study having one of the largest published cohorts of subjects with DFU. It should also be noted that the lack of information about real drug consumption is compensated by exhaustive data about drug and bandage reimbursements.

The first limitation of our study is that it relies on an algorithm to define DFU that depends on the SNDS database [START_REF] Bonnet | Effects of social deprivation and healthcare access on major amputation following a diabetic foot ulcer in a French administrative area: Analysis using the French claim data[END_REF]. Furthermore, outcomes concerning the one-year amputation rate might be considered as quite restrictive clinically. A study with 3 or 5 years of follow-up should be considered, but it is important to keep in mind that the SNDS provides universal data only since 2014.

We performed only descriptive and univariate analyses. The complete assessment of the risk factors of amputation would need multivariable analyses. However, this was beyond the scope of this study.

Clinical implications and future directions

We used the SNDS database, for the first time, to explore the relationship between the global healthcare pathway, comorbidities and amputation risk after DFU in a region of France. To our knowledge, the SNDS has never been used to explore care consumption among people with DFU. We previously published our findings on DFU prognosis and healthcare access using the same methodology [START_REF] Bonnet | Effects of social deprivation and healthcare access on major amputation following a diabetic foot ulcer in a French administrative area: Analysis using the French claim data[END_REF]. We concluded that including only hospitalized patients with a DFU creates a bias, as they are the most severe cases. Thus, healthcare organizations will now have to manage these unseen DFUs in the calibration of the medical response. In addition, diabetologists also need to be informed that they do not see four out of five patients with DFU, whereas these patients have almost all seen a GP. Therefore, GPs and nurses should be included in the elaboration of new healthcare pathways for the management of DFU. Moreover, they need to know about the nearest DFU reference centers, and dialogue between all these professionals should be encouraged.

At last, the management of co-morbidities appears to be effective in reducing the risk of amputation after DFU. Preventing cardiovascular risk by consuming drugs targeted against this risk is, for instance, a good example of our study.

Conclusion

We highlight the link between the global healthcare pathway and the risk of amputation after DFU. People with the best diabetes follow-up, even with several comorbidities, appear to have a better prognosis of their ulcer. This highlights the importance of the care pathway in this chronic disease. These results can, inspire health policies to promote access to care for people living with diabetes. Reducing the risk of amputation secondary to diabetes requires a global health effort.
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