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Abstract

Aims Despite the evidence available on the epidemiology of diabetic foot ulcers and associated complications, it is not clear
how specific organizational aspects of health care systems can positively affect their clinical trajectory. We aim to evaluate
the impact of organizational aspects of care on lower extremity amputation rates among people with type 2 diabetes affected
by foot ulcers.

Methods We conducted a systematic review of the scientific literature published between 1999 and 2019, using the following
key terms as search criteria: people with type 2 diabetes, diagnosed with diabetic foot ulcer, treated with specific processes
and care pathways, and LEA as primary outcome. Overall results were reported as pooled odds ratios and 95% confidence
intervals obtained using fixed and random effects models.

Results A total of 57 studies were found eligible, highlighting the following arrangements: dedicated teams, care pathways
and protocols, multidisciplinary teams, and combined interventions. Among them, seven studies qualified for a meta-analysis.
According to the random effects model, interventions including any of the four arrangements were associated with a 29%
reduced risk of any type of lower extremity amputation (OR = 0.71; 95% CI 0.52-0.96). The effect was larger when focusing
on major LEAs alone, leading to a 48% risk reduction (OR = 0.52; 95% CI 0.30-0.91).

Conclusions Specific organizational arrangements including multidisciplinary teams and care pathways can prevent half of
the amputations in people with diabetes and foot ulcers. Further studies using standardized criteria are needed to investi-
gate the cost-effectiveness to facilitate wider implementation of improved organizational arrangements. Similarly, research
should identify specific roadblocks to translating evidence into action. These may be structures and processes at the health
system level, e.g. availability of professionals with the right skillset, reimbursement mechanisms, and clear organizational
intervention implementation guidelines.

Keywords Type 2 diabetes - Diabetic foot ulcers - Health service organization - Lower extremity amputation

Introduction
Managed By Massimo Porta. Lower extremity amputations (LEA) represent one of the most
challenging complications experienced by people with type
04 Bernardo Meza-Torres 2 diabetes (T2D). However, recent studies show a reduction

bernardo.meza-torres @phc.ox.ac.uk of major amputations, this has been attributed to improved

Department of Clinical and Experimental Medicine quality of health care provided over the last 15 years. Still, this

University of Surrey, Guildford, UK contrasts with minor amputations, which in recent years have
2 Nuffield Department of Primary Care Health Sciences, shown rgtes with stagnapt declines or even slight increases,
University of Oxford, Oxford, UK broadening the scope to improve outcomes [1-3].
3 Department of Statistical Sciences, University of Bologna, Diabetes-related foot ulcers (DFU) are associated with
Bologna, Italy higher rates of complications, in particular, renal failure,
4 Surrey and Sussex Healthcare NHS Trust, East Surrey LEA, and disability. It has been shown that only between
Hospital, Redhill, UK 50 and 60% of people affected by DFU survive more than 5
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years after their first diagnosis [4, 5]. The cost of DFUs is
estimated as one-third of the total costs of diabetes-related
treatment [4, 6].

Despite the evidence available on the epidemiology of
foot ulcers and associated complications [7-9], it is not clear
how specific organizational aspects of health care systems
can positively affect the trajectory between the first diagno-
sis of DFU and LEA.

In this study, we aimed to conduct a systematic review
investigating the effectiveness of processes of care following
the initial presentation of DFUs, as measured by the change
in the rate of LEA over time.

This paper aims to respond to the following research
questions:

e Which organizational factors are associated with reduced
LEA rates following initial diagnosis of DFU in patients
with type 2 diabetes?

e Which of these organizational arrangements can be
pooled in a meta-analysis?

Materials and methods

The population in included studies were adults diagnosed
with T2D who presented with a foot ulcer as an index event.
The occurrence of any lower extremity amputation was the
primary endpoint. Major amputations were considered sepa-
rately as a clinically relevant endpoint.

We conducted a systematic search on July 2019 using Pub-
Med Medline and Excerpta Medica database (EMBASE), tar-
geting studies published between 1999 and 2019. The search
comprised four, main semantic components: (1) patients with
diabetes, (2) with diabetic foot ulcer, (3) in the context of
processes and care pathways, and (4) experiencing LEA or
ulcer healing as potential negative/positive outcomes.

The search strings used in each database have been
combined as follows: “Diabetes Mellitus” [MeSH] AND
("Diabetic Foot"[Mesh] OR (diabet*[tiab]) OR "Foot
Ulcer"[Mesh] OR (foot ulcer*[tiab]) OR Leg Ulcer
[MeSH]) AND ((process*OR pathway*) AND care) AND
("Amputation"[Mesh] OR (amputation*[tiab]) OR (Lower
extremity amputation*[tiab]) OR (LEA[tiab])).

To be eligible, each study had to include an organizational
arrangement as a specific intervention of interest, considered
as the main exposure.

To help interpretation, we classified the identified organi-
zational arrangements according to the Donabedian model
for evaluating quality of care [10]. This framework for health
systems research indicates how modifying the structures
and processes at the healthcare system or provider level can
predict patient-level outcomes. Thus, this study considered
prevention strategies implemented at the care provider level.

@ Springer

Therefore, patient-level interventions alone were not consid-
ered, e.g. standalone patient education strategy.

Our classification was drawn from the approach adopted
by recognized institutions, including the TRIAD Study
Group [11, 12], the UK’s National Institute for Health and
Care Excellence [13-15], the International Consortium
for Health Outcomes Measurement [16], the International
Working Group on the Diabetic Foot [17], and various
authors’ view on integrated care [5, 18].

We created the following categories of organizational
arrangements:

e Dedicated teams: involving the implementation of human
and structural resources, e.g. specialty nurses and dedi-
cated inpatient beds, to specifically treat diabetic foot
ulcers.

e Multidisciplinary teams: involving an integrated frame-
work of multispecialty care, whose resources might not
be exclusive to DFU. They are coordinated to manage
DFU through a care plan, a key worker/manager, and
joint activities, e.g. foot clinics integrating diabetology,
podiatry, specialty nurses, vascular/orthopaedic surgery,
microbiology, wound care, nutrition, etc.

e Care pathways: including explicit and dedicated step-by-
step protocols for the local care team to treat a patient in
a specific setting, e.g. risk profiling, access to prevention
and treatment, referencing systems, and a clinical setting
for chronic disease monitoring.

e Combined interventions: complex interventions inte-
grating the above elements without a predominant one.
Since only arrangements implemented at the level of care
providers were considered, the presence or absence of
patient-level interventions implemented alongside was
not considered for this categorization, e.g. patient educa-
tion interventions.

The literature review was conducted according to the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [19] Flow and the
Cochrane Handbook for Systematic Reviews of Interven-
tions v.5.1. [20].

We considered as eligible study designs all controlled
or observational studies, either prospective or retrospec-
tive, as well as systematic reviews or meta-analyses. Nar-
rative reviews, clinical practice guidelines, case series, case
reports, or letters to editors were excluded from the search.

Classification of eligible studies

The full text of the selected papers was retrieved and
assessed for eligibility by co-authors BMT and FC inde-
pendently. Study eligibility for qualitative review was based
on the following characteristics: (a) participants (people with
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T2D presenting with a foot ulcer as an index condition);
(b) intervention (specific organizational arrangements); and
(c) outcome (LEA as primary endpoint). The percentage of
agreement was assessed using Cohen’s kappa statistics [20].

Once selected, studies were stratified by BMT according
to the type of quantitative outcome reported (e.g. binary
outcome, OR, and RR), and by the category of organiza-
tional arrangements (e.g. dedicated teams, care pathways,
multidisciplinary teams, and combined interventions). The
list of references included in the identified studies was also
examined for the inclusion of additional studies. Their eli-
gibility for binary outcome meta-analysis was based on the
following criteria: (a) studies presenting results in terms of
quantitative measures; (b) quantitative measures must report
the number of LEA cases as well as the number of persons
at risk (population as denominator, not as rate); (c) and the
quantitative measures should be reported for both an inter-
vention and a control group (either in parallel or before vs
after). The data collection form is included as supplement 1.

The risk of bias assessment was conducted on all studies
finally selected, aided by the Newcastle—Ottawa Scale for
cohort and case—control studies and the Cochrane Collabo-
ration’s tool for those studies with the respective designs
[21, 22]. Publication bias was assessed through funnel plot
asymmetry analysis [20].

Quantitative assessment was carried out using a fixed and
random effects meta-analytical approach for studies present-
ing results in terms of quantitative measures, e.g. the num-
ber of cases and number of people at risk separately, for
both intervention and control groups. Overall results were
calculated using a Mantel Hansel approach, weighted by
the inverse variance [20]. We based our presentation of key
results via fixed or random effects models, based upon the
significance of the Q test of heterogeneity.

All statistical analyses were performed using the statisti-
cal package R v.1.2 and the metafor package [23, 24].

Results

As shown in Fig. 1, a total of N=536 unique studies were
initially identified from Medline and Embase, based on the
above-specified search strategy. Following further examina-
tion, a total of 142 articles were retrieved for full-text review,
of which further 90 were excluded due to unrelated exposure
(N=32), unrelated outcome (N=14), ineligible study types
(N=39), and other reasons (N=35). Additionally, five stud-
ies were added by cross-referencing the retrieved studies.
At the end of the process, a final subset of 57 articles were
selected for review in the present article. The percentage
of agreement between authors was of 56%. The different
organizational factors investigated in the final set of papers,
along with the type of evidence supporting each of them,

are shown in cross-tabulation in Table 1. The individual
studies were graded as ‘strong’ when their findings were
reported quantitatively, and as ‘weak’ when only narrative
or non-significant quantitative results were reported. Due to
heterogeneity in study designs, a single quality assessment
tool could not be used to compare amongst the 57 studies.
Hence an independent assessment by two authors was used.

The studies investigated the following organizational
factors: care pathways, dedicated teams, multidisciplinary
teams, and combined interventions.

Among the 57 studies identified, a total of N=41 (72%)
reported an intervention that could be either categorized as
a care pathway or combined intervention (combining care
pathways with other interventions at the care provider level).
Most combined interventions included care pathways cou-
pled to multidisciplinary teams where specialists—in pri-
mary or secondary care—were integrated with a multidisci-
plinary setting. In some cases, combined interventions also
included educational strategies in the outpatient setting.

Twenty of the studies (35%) focused on interventions
classified as care pathways, characterized by a protocol
including multiple specialists that were not articulated
within the same setting. Among them, N=9 (16%) reported
strong evidence of improvement. The remaining 11 studies
(19%) either showed weak support, including narrative argu-
mentation and non-significant results, or in just two papers
no evidence of an effect of care pathways on the reduction
of LEA. A justification given for the lack of effect was that
pathways may be complex to implement as they traverse
organizational structures, creating barriers in the patient’s
journey.

Twenty-one papers (37%) focused on the effect of com-
bined interventions. Among them, four papers reported a
statistically significant reduction in LEA rates, while ten
addressed combined interventions including approaches of
patient-centred care. In this subgroup of papers, one study
found a lack of response of octogenarians with PAD to total
amputation rates, independently from improvements in care
and education.

A total of N=15 studies (18%) reported the effect of mul-
tidisciplinary teams, all of them showing improvements. In
some cases, it was shown that the multidisciplinary approach
may be associated with increased workload, making the case
for further cost-effectiveness research. However, these stud-
ies showed a remarkable heterogeneity in the composition
of their teams, many involving primary and secondary care
specialists (podiatry, nurses, vascular surgeons, and diabe-
tologists) who were coordinated in the same physical space
on certain days.

Dedicated teams were found only in one study, show-
ing no statistical significance, but suggesting that podiatry
services can help reducing LEA rates in selected high-risk
subgroups.

@ Springer
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Studies identified
through PubMed

182

\/

Studies identified
through Embase

381

Unique studies
identified for title
and abstract review

536

Studies identified for
full-text review

142

Studies eligible for
inclusion to
systematic review

52

Total studies eligible
for inclusion to
systematic review

57

}

Binary Outcome
Meta-analysis

7

Fig. 1 Diagram of selection of eligible studies

Only seven of the studies were included in the meta-
analysis [25-31], as they reported the number of cases of
LEA as well as the population denominator (not as rate) for
both the intervention and control groups (either in parallel

@ Springer

Studies removed due to

\ 4

27 duplication
394 |Abstracts excluded with reasons
81 Non-interested outcome
120 [Non-interested exposure
101 (Ineligible study types

40 Off-topic

30 No results

22 other

90 Full-texts excluded with reasons
32 Non-interested exposure

14 Non-interested outcome

39 Ineligible study types

5 Other

5 Studies obtained from references

of selected papers

or before vs after). The results obtained from the meta-anal-
ysis are presented in Fig. 2. The majority of these studies
investigated combined interventions (N=4), while the oth-
ers focused on care pathways (N=2) and multidisciplinary
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Tablg 1 Classiﬁcation of results Evidence Care pathways ~ Combined Dedicated teams  Multidis- Total
obt‘mned from the literature intervention ciplinary
review teams
1. Strong against - 1(5%) - - 1(2%)
2. Weak against 2 (10%) 1(5%) - - 3(5%)
3. Inconclusive evidence - 5 (24%) - - 5 (9%)
4. Weak support 9 (45%) 10 (48%) 1 (100%) 6 (40%) 26 (46%)
5. Strong support 9 (45%) 4 (19%) 9 (60%) 22 (39%)
Total 20 (100%) 21 (100%) 1 (100%) 15 (100%) 57 (100%)
N (percentage)
‘Weak’: supporting evidence with low statistical significance, or narrative support
‘Strong’: supporting evidence with statistical significance
Intervention (n) Control (n) Relative Risk Ratio
Author(s) and Year Events Total  Events Total Weight [95% CI]
Major LEA
Riaz 2019 93 4274 43 608 —— 22.39% 0.31[0.22, 0.44]
Martinez 2014 107 795 56 227 —— 2357% 055041, 0.73]
Liang 2012 0 30 0 29 - - 1.15% 0.97 [0.02, 47.22]
Nather 2010 134 878 19 61 —— 21.34% 0.49[0.33, 0.73]
Wrobel 2003 103 36664 69 24084 '—.—' 2327% 0.98[0.72, 1.33]
Crane 1999 4 60 5 25 '—'—-‘ 8.27% 0.33[0.10, 1.14]
Eixed Effects Model B o P - 0.56 [0.47, 0.65
andom Effects Model (Q = 25.37,df = 5, p = 0.0001; 1" = 79.5%) ———— 0.52 [0.34, 0.80
Total LEA :
Riaz 2019 468 4274 129 608 i 27.92% 0.52[0.43, 0.62]
Martinez 2014 340 795 138 227 HlH 29.09% 0.70[0.62, 0.80]
Liang 2012 0 30 2 29 - 1 1.00% 0.19[0.01, 3.87]
Wrobel 2003 197 36664 130 24084 . 26.48% 1.00[0.80, 1.24]
McMurray 2002 0 42 5 41 -~ : 1 1.09% 0.09[0.01, 1.56]
Crane 1999 22 60 10 25 —— 14.42% 0.92[0.51, 1.64]
Eixed Effects Model _ _ B 2 . halll 0.69 {0.63, 0.76
andom Effects Model (Q =24.75,df =5, p = 0.0002; " = 81.1%) - 0.71 [0.52, 0.96
Lower risk . Higher risk
I T 1 1
0.05 0.25 1 4

Fig. 2 Forest plot of quantitative meta-analysis of eligible studies

teams (see Table 2). Given the limited number of studies, we
could not report results by type of organizational arrange-
ment, but only in terms of organizational intervention yes/
no.

Overall, using the fixed model, we found that interven-
tions including the four types of organizational arrangements

Risk Ratio (log scale)

were associated with a 31% reduced risk of any type of
LEAs (OR=0.69; 95% CI 0.63-0.76). Focusing on major
LEAs alone, the result was equal to a 44% risk reduction
(OR =0.56; 0.47-0.65).

However, the result of the Q heterogeneity test was highly
significant in both cases (p <0.001).

@ Springer
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Therefore, we applied the random effects model as a
more conservative estimate, showing a 29% risk reduction
of any type of LEAs (OR=0.71; 95% CI 0.52-0.96) and
a larger effect on major LEAs alone, equal to a 48% risk
reduction (OR=0.52; 95% CI1 0.30-0.91).

Four studies [25-28] reported a decrease in the number
of major LEAs while at the same time reporting either
no difference or a slight increase in minor LEAs. Since
data in these studies were aggregated, it was not possible
to discern whether the increase in minor LEAs was due
to multiple sequential minor amputations on the same
patients.

Two of the studies with smaller sample sizes [30, 31]
did not show statistically significant results (Fig. 2). Their
small sample size is reflected in their lower quality scores
(Table 2).

The above observation is consistent with publication
bias funnel plots (Fig. 3), which show small-study asym-
metry on left lower quadrant for the Total LEA subgroup,
accounted by these studies. Regression tests for asym-
metry analysis were not significant (p > 0.2) which is
expected due to the low number of studies (n < 10) [20].

Fig.3 Publication bias funnel
plots
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Discussion

Our systematic literature review identified fifty-seven eli-
gible studies that have investigated the efficacy of different
organizational factors in the management of people with dia-
betes and ulcers, namely care pathways, dedicated or mul-
tidisciplinary teams, and combined interventions. Overall,
the majority of studies supported that these organizational
factors can improve the outcome of patients with diabetes
and ulcers.

Main findings and generalizability

Despite evidence-based guidelines for the prevention and
treatment of diabetes and foot ulcers [32, 33], amputa-
tions and mortality are still high. Studies suggest that this
is in part because guidelines for recommended manage-
ment (e.g. multidisciplinary care) are not implemented
and also low adherence of patient to treatments. Integrated
care pathways are intended to tackle these problems by
breaking guidelines down into simple steps and assigning
clear responsibilities to different specialties that should
be involved. For instance, foot care is an integral part of
the NICE diabetes pathway [13] and includes essential
elements aimed at reducing the risk of developing and

[J005<p=104Q
[ 0.01<p=0.0§
[0000<p=001
® Studies

-6

Standard Error
0764 0382 0
1 ]

1.146

1528

2 0
Major LEA (n=6)
Log Risk Ratio

[J005<p=104Q
[ 001<p=0.04
[0000<p=001
® Studies

T

-2 0 2 4
Total LEA (n=6)
Log Risk Ratio

@ Springer



744

Acta Diabetologica (2021) 58:735-747

managing a diabetic foot problem. The majority of stud-
ies we identified showed that care pathways had a positive
effect. Despite their heterogeneity, pathways shared an
explicit and simpler depiction of the referral and treatment
steps that are feasible under the already existing macro-
level structures and processes of care (e.g. reimbursement
mechanisms, practice guidelines), or by implementing
feasible changes at the local level structures-processes of
care.

People with diabetes and ulcers generally have multi-
morbidities associated with the vascular complications of
diabetes. Therefore, effective treatment is diverse, requir-
ing expertise across several medical and surgical special-
ties. Guidelines require that the effective management of
ulcers includes a multidisciplinary team [32—-34]. Our cur-
rent analysis supports this. The team compositions were het-
erogeneous (see Table 2) and it remains to be determined if
this approach is cost-effective and which team members or
training requirements are essential. Vascular medicine has
been proposed as an effective building block of such a team
[35]. This, however, can only be further investigated on a
background of comparable care pathways.

Our search also showed that combined interventions may
be effective. While care pathways were a component of all
combined studies, several included multidisciplinary teams
and patient-based interventions. Since there may exist a
definition overlap with different arrangements of integrated
care, combined interventions are here useful to depict the
natural development of either intervention type into an
increasingly complex one, in terms of categories, breadth,
and degree[18, 36-38]. But this complexity may also make
combined interventions harder to implement as a first step
in clinical settings. Similarly, their evaluation may face mul-
tiple confounding factors.

Finally, the scarcity of studies on dedicated teams (only
one) can be explained by the fact that healthcare profession-
als may not exclusively be dedicated to attending DFUs but
looking also after other conditions.

Regarding our second research question, we found
that among the fifty-seven studies identified, only seven
could match the criteria for inclusion in a quantitative
meta-analysis.

These studies demonstrated that specific organizational
arrangements were significantly associated with a reduc-
tion of major LEAs. However, our current meta-analysis
showed that organized care can prevent almost half the major
amputations. Previous cost-effectiveness studies show that
cost-intensive interventions that prevent 50% of amputations
result in net savings of $3000—4000 USD per patient [39].
The cost-saving impact could therefore be further investi-
gated, considering that countries like England spend 0.9%
of the National Health Service budget on the management
of DFU and LEAs [40].

@ Springer

There was a different mix of study designs, namely: retro-
spective observational, prospective observational, and cross-
sectional studies. Among them, observational studies had
a longer duration and larger sample sizes. Therefore, their
likelihood of reporting significant results was higher, with a
larger magnitude of the effect that could be affected by bias
[26, 27, 29]. Also, some observational designs reflect real-
life data derived from electronic medical records (EMRs).
This is important considering that experimental designs are
hampered by the low incidence of LEA and long follow-up
periods. There was also a mix in the study setting and stage
of managed care. Observational studies more frequently
included secondary care centres, e.g. hospital, emergency
departments, and were more focused on secondary preven-
tion, e.g. control of reulceration in patients already being
treated for DFU. This is supported by the literature, where it
has been argued that secondary prevention is plausible to be
investigated because of the high 12-month reulceration rates
(40%) among selected populations, such as those presenting
with DFU complications requiring specialist care [5].

Among case-mix variables, age and sex were consist-
ently reported in all except one study (Wrobel 2003). They
homogenously report an average age > 50 years and male
predominance. Other relevant demographic variables for
case-mix adjustment, e.g. race or deprivation, were unre-
ported, limiting population heterogeneity assessment and
comparisons between studies.

In terms of DFU severity at baseline, only two studies
reported a risk classification, e.g. King College Classifi-
cation IV [29] and ADA 1998 [30]. All other studies only
reported that patients had an established DFU diagnosis
based on clinical codes. Ulcer grading is known to be linked
to the outcome [5, 41] and should be considered for risk
adjustment.

Clinical relevance

Four studies described the use of care pathways specifically
introduced for the study intervention, while three reported
to follow just care protocols recommended by general guide-
lines. Multidisciplinary teams in each study also evaluated
a unique combination of professionals, varying in the con-
tent, duration, and intensity of the intervention. Nonethe-
less, common elements across all studies included the pres-
ence of podiatrists, specialized nurses, and glucose control
performed by endocrinologists or primary care physicians.
Relevant heterogeneity included a variable involvement of
surgical specialists, e.g. vascular or orthopaedic surgeons,
and a different complexity of care pathways, e.g. communi-
cation and referral systems, discharge plans, and dedicated
attention days.

Studies also presented variation in target outcomes. Four
studies [25-27, 29] reported significant reduction of major
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amputations, associated with either an increase or a non-
significant decrease in minor amputations. Due to the limi-
tations of study reporting, it was not possible to assess the
impact of patient profiles, e.g. multiple minor amputations
performed on the same patient.

Actionability of the results emerged from this study
should also be seen in the perspective of the future organi-
zational evolution of diabetes care after the emergency of
the COVID-19 pandemic, which took place well after this
study was conceived and conducted. The disruption of care
delivery may translate into an increase in LEA rates [42].
Furthermore, evidence is emerging that people with T2D are
at a higher risk of serious complications due to COVID-19
[43], potentially presenting an opportunity to regard coor-
dinated remote consultations for preventing infections in
the household and primary care centers, while enhancing
opportunities for multidisciplinary consultation.

Relevance for future studies

The availability of structured healthcare databases using
EMRs for surveillance [44] and quality of care monitor-
ing [45] enables the construction of longitudinal cohorts on
which clinical prediction models can be accurately validated.
This approach can substantially reduce the cost of ad-hoc
studies, while adjusting for relevant case-mix characteristics
applying the Donabedian model considering both the indi-
vidual and organizational levels. Moreover, the organization
of standardized diabetes registers in an increasing number of
countries can efficiently expand the approach to international
comparisons of best practices.

Methodological considerations

Concerning the publication bias funnel plots (Fig. 3), they
showed small-study asymmetry on the left lower quadrant
for the total LEA subgroup, accountable to two studies with
lower quality scores. This suggests a potential publication
bias for total LEA, where no small studies reporting negative
results were found, and where small-study publications may
potentially report overestimated results. On the contrary,
major LEA remains unaffected by this publication bias. Suf-
ficiently large sample sizes are required to report enough
LEA cases to disaggregate results into major—minor LEA,
and larger publications are likely to get published regardless
of the magnitude of the outcome. This may explain why
small observational studies were not found for this subgroup.

The percentage of agreement between authors was low-
moderate (56%). This can be attributed to the variability in
the definition of the interventions of interest in the individual
studies, which required of several iterations between authors
to reach a consensus.

Limitations and strengths

Firstly, despite of the large number of studies identified, we
were able to meta-analyze only on a limited number of stud-
ies. The studies selected may not be representative. To miti-
gate this, we described the composition of the entire set of
papers, showing that the two groups were fairly comparable
in terms of study design, characteristics of the organizational
interventions, case-mix of subjects, state of managed care
(primary vs secondary prevention), and target outcomes
(minor and major LEA).

Secondly, the seven meta-analyzed studies did not dif-
ferentiate minor and major LEA at a patient level, making it
difficult to draw clinical conclusions on the potential effec-
tiveness of selected care. We conclude future studies should
analyze specific interventions at an individual patient level.
This should consider the possibility of combinations of dif-
ferent amputations, which can be more easily identified in
longitudinal cohort analyses based on EMRs extracted from
routine databases.

Thirdly, the strength of any interpretation is limited by
the heterogeneity found even among the seven meta-ana-
lyzed studies. We found a general lack of standardization in
the definition and comparability of the interventions under
study. However, with regards to the validity of the compari-
sons tested in the meta-analysis, at the level of each study,
we may assume that there was a fair comparison between
alternative care arrangements. This allows drawing valid
conclusions considering health system features only, and not
the broader determinants of disease [46] which we know are
important [47].

Lastly, concerning publication bias, results for total LEA
include small studies with inadequate sample sizes where
not enough LEA cases were reported to disaggregate results
in terms of minor-major LEA. However, results for the
major LEA subgroup are of a larger positive magnitude and
include only studies of adequate quality, with no sugges-
tion of overestimated results or publication bias, bringing
certainty to our conclusions.

Conclusion

We identified that specific healthcare arrangements, which
as main elements include care pathways, dedicated and mul-
tidisciplinary teams, and combined interventions, have the
potential to cut the rate of major amputations in people with
T2D and DFU in half.

Studies were heterogeneous in terms of design and defini-
tion of care arrangement, making it difficult to apply in con-
text. Future research should focus on more comparable study
designs, well-defined organizational targets, and a higher
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standardization or definition of care arrangements. This can
be enabled through a better use of EMRs for cohort studies.

Reorganizing and optimising care arrangements and the
use of a multidisciplinary approach are associated with
improved outcomes for high-risk people with diabetes and
foot ulceration. Future studies with more specific infor-
mation on interventions are required to turn evidence into
action, by tailoring care settings to the specific needs of
patients that can benefit more.
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