W) Check for updates

Received: 8 September 2023 Revised: 9 November 2023 Accepted: 27 December 2023

DOI: 10.1111/1753-0407.13531

ORIGINAL ARTICLE Journal of Diabetes me== WILEY

Factors associated with diabetic foot ulcers and lower limb
amputations in type 1 and type 2 diabetes supported by
real-world data from the German/Austrian DPV registry

Alexander J. Eckert'?© | Stefan Zimny® | Marcus Altmeier* | Ana Dugic® |
Anton Gillessen® | Latife Bozkurt’ | Gabriele Gotz® | Wolfram Karges® |

Frank J. Wosch'® | Stephan Kress''> | Reinhard W. Holl? | for the DPV-Wiss-
Initiative

Correspondence

Alexander J. Eckert, Institute of
Epidemiology and Medical Biometry,
ZIBMT, Ulm University, Albert- Factors associated with diabetic foot ulcers (DFU) and lower limb amputation

Einstein-Allee 41, 89081 Ulm, Germany.

Graphical Abstract

i . Data source | | Methods | | Results |
Email: alexander.eckert@uni-ulm.de
Diabetes prospective il ~ 600,000 Association Risk for
.. . follow-up registry (DPV) L) adults in DPV with DFU ‘ amputation ‘
Funding information oo e eaking | e with T1D / T2D
fnanane [ o | [momo] [ 720 | [ T1omap |

German Robert Koch Institute (RKI);
Deutsche Diabetes Gesellschaft; the
German Federal Ministry for Education

Matched cohort: Male sex e
cross-sectional e’ d } 0
ey [ ]
N=63464 High HbA1c - ~ Insulin

— [t t
and Research within the German Centre O Smeking  TEETET } =
for Diabetes Research, Grant/Award With DFU @) Oo T Alcohol ~
longitudinal O Insulin x
Number: 82DZD14E03 Hazata o | Dvelpidemia Metformin \/

for amputation

GLP-IRA V

Worse glycemic control and atherogenic lipid composition was associated with DFU in T1D.
High HbA1c was a risk factor for amputations in T1D and T2D.
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« Poor glycemic control and high lipid levels were associated more closely
with diabetic foot ulcers in type 1 compared to type 2 diabetes.

« Gender differences regarding the association of diabetic foot ulcers with
metabolic outcomes were more pronounced in type 1 diabetes.

« Smoking and alcohol consumption might be important in developing foot
ulcers but play a minor role in prevention of amputations.

« The role of oral hypoglycemic medication in development of diabetic foot
ulcers should be further analyzed in type 2 diabetes.
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Abstract

Aims: Diabetic foot ulcer (DFU) is a leading cause of lower limb amputations in
people with diabetes. This study was aimed to retrospectively analyze factors
affecting DFU using real-world data from a large, prospective central-European
diabetes registry (DPV [Diabetes-Patienten-Verlaufsdokumentation]).

Materials and Methods: We matched adults with type 1 (T1D) or type 2 dia-
betes (T2D) and DFU to controls without DFU by diabetes type, age, sex, dia-
betes duration, and treatment year to compare possible risk factors. Cox
regression was used to calculate hazard ratios for amputation among those
with DFU.

Results: In our cohort (N = 63 464), male sex, taller height, and diabetes com-
plications such as neuropathy, peripheral artery disease, nephropathy, and
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retinopathy were associated with DFU (all p <.001). Glycated hemoglobin
(HbAl1c) was related to DFU only in T1D (mean with 95% confidence interval
[CI]: 7.8 [6.9-9.0] % vs 7.5 [6.8-8.5] %, p < .001). High triglycerides and worse
low-density lipoprotein/high-density lipoprotein ratio were also associated
with DFU in T1D, whereas smoking (14.7% vs 13.1%) and alcohol abuse (6.4%
vs 3.8%, both p < .001) were associated with DFU in T2D. Male sex, higher
Wagner grades, and high HbAlc in both diabetes types and insulin use in T2D
were associated with increased hazard ratios for amputations.

Conclusions: Sex, body height, and diabetes complications were associated
DFU risk in adults with T1D and T2D. Improvement in glycemic control and
lipid levels in T1D and reduction of smoking and drinking in T2D may be

KEYWORDS

1 | INTRODUCTION

Diabetic foot ulcers (DFU) are frequent complications in
adults with diabetes mellitus. The global prevalence of
DFU is estimated to be 6.3% with a slightly lower prev-
alence in European countries (5.1%).' DFU are caused
by peripheral neuropathy in combination with vascular
diseases.” The DFU recurrence rate is high with 50%
recurrence within 3 years.> DFU often leads to minor
(below the ankle) or major (above the ankle) amputa-
tions. It is estimated that within 1 year about 20% and
10% of adults with DFU require minor and major
amputations, respectively.* Moreover, a major amputa-
tion increases the mortality rate by 50% within the
5 years.’

Male sex, tall height, high hemoglobin Alc (HbAlc)
and cigarettes smoking are widely recognized risk factors
for DFU.® Additionally, diabetes complications such as
neuropathy, peripheral artery disease (PAD) and osteo-
myelitis are well-established risk factors for DFU.”*'
However, studies have reported conflicting results for
clinical variables such as body mass index (BMI), hyper-
tension, lipid levels and alcohol consumption, and its
association with DFU.""'? Although these factors may be
improved by treatment strategies in at-risk individuals,
some of the better confirmed risk factors such as height
and sex are not amenable to intervention. Previous stud-
ies were limited by analysis of only a few risk factors
and/or small sample size.

Considering literature gap, this study aimed to iden-
tify risk factors associated with DFU and lower limb
amputations using real-world data from a large cohort of
adults with type 1 (T1D) and type 2 diabetes (T2D).

appropriate interventions to reduce the risk for DFU or amputations.

alcohol, body mass index, hypertension, lipids, sex differences, smoking, triglycerides

2 | MATERIALS AND METHODS

2.1 | Data collection

The current analysis is based on the prospective, multi-
center diabetes patient registry (DPV [Diabetes-
Patienten-Verlaufsdokumentation]), which is a standard-
ized electronic health record developed at the Institute of
Epidemiology and Medical Biometry, Ulm University,
Germany. The DPV registry provides long-term real-
world data on diabetes treatment and outcome from
more than 500 centers in Germany, Austria, Switzerland,
and Luxembourg. The DPV initiative and the analysis of
pseudonymized data were approved by the Ethics Com-
mittee of Ulm University (approval number: 314/21) as
well as by local review boards. The biannually transmit-
ted data are checked for inconsistency or implausibility
and reported back to the respective centers for correction,
if necessary.

2.2 | Design and participants

The documentation of patient data is prospective in the
DPV registry and these data were retrospectively ana-
lyzed. All adults (age > 18 years) with a diagnosis of T1D
or T2D in the DPV registry were included if they had
documented data between 2000 and 2021 and a disease
duration of >1 year. Individuals with a documented diag-
nosis of DFU or lower limb amputation before the year
2000, before the age of 18 years, within the first year after
their diabetes manifestation, or at an unknown date were
excluded from this analysis. Additionally, individuals

858017 SUOWWOD 8AIE8.D 3(gedldde ayy Aq peusenob ae sajolie VO ‘8sN JO S9INJ 10j A%eiqiT8ulIUQ AB|IM UO (SUOIPUOD-PUR-SUR)ALIO" A3 1M ATRIq U1 |UO//STIY) SUORIPUOD Pue SWwd 1 8y 88S *[7202/20/92] U0 AkidiTauljuo A1 ‘WIN TISBAIUN Jop ZIX AQ TESET'L0V0-ESLT/TTTT OT/I0p/L00 A3 (1M AeIq Ul |Uo//Sdny Woj pepeolumod ‘Z ‘%202 ‘L00ESLT



ECKERT ET AL.

WILEY_| 22

Journal of Diabetes

with a Wagner grade of 0, indicating pre- or postulcera-
tive lesions (N = 17 165, 4.6%), were excluded as they
could neither be appropriately allocated to the DFU
group nor to the control group (Figure S1). All remaining
individuals were allocated to one of four groups (sepa-
rately for T1D and T2D): (a) no DFU and no lower limb
amputation, (b) DFU without any lower limb amputa-
tion, (c) DFU and a minor amputation, and (d) DFU and
a major amputation. For this stratification, lower limb
amputations comprised all amputations at the visit of the
first documentation of DFU and thereafter. Amputations
were classified as minor if the amputation was performed
below the ankle and as major if the amputation was con-
ducted above the ankle.

For group (a) without DFU, aggregated data from the
most recent treatment year of each individual were ana-
lyzed. For individuals in the other three groups, the year
before the first diagnosis of DFU was analyzed for cross-
sectional comparisons to people without DFU. For these
individuals, the visits following their first documentation
of DFU were additionally analyzed with respect to ampu-
tations (longitudinal analysis).

2.3 | Propensity score matching

A total of 359 460 individuals fulfilled the inclusion cri-
teria (31 801 with DFU). To control for age, sex, diabetes
duration, and treatment year, the individuals with DFU
were matched one to one to the control group without
DFU regarding these variables, separately for T1D and
T2D. The variables sex and treatment year were matched
exactly. Age and diabetes duration were included contin-
uously as well as categorized (T1D: age 18 < 25, 25— <50,
50+ years, diabetes duration 1-10, >10-30, >30 years;
T2D: age 18- <60, 60— <80, 80+ years, diabetes duration
1-5, >5-10, >10-20, >20 years) into the nonparsimo-
nious propensity score. One-to-one matching was con-
ducted using a greedy-matching algorithm with a caliper
width of 0.2. Standardized differences were assessed
before and after matching to evaluate balancing of covari-
ates between the matched cohorts (Table S1). A standard-
ized difference of <10% for a baseline covariate reveals a
negligible imbalance.'® For 31 732 individuals with DFU
a matching partner could be allocated leading to a final
cohort of 63 464 adults with type 1 diabetes (N = 5352)
or type 2 diabetes (N = 58 112).

2.4 | Data management

The diagnosis and classification of diabetes types were
conducted by the diabetologists at the participating

centers according to the clinical presentation of the peo-
ple with a diabetes manifestation and lab results, based
on German guidelines.'* Anthropometric measurements
were performed in the local centers according to in-house
protocols. The BMI was calculated as weight in kilograms
divided by height in meters squared. Lipid values were
converted to mg/dL. Total cholesterol (TC), low-density
lipoprotein (LDL), high-density lipoprotein (HDL), and
triglycerides (TG) were analyzed. Non-HDL was calcu-
lated through the following formula: TC-HDL. Addition-
ally, the ratio of TC/HDL and LDL/HDL was calculated.
HbA1lc values were standardized to the Diabetes Control
and Complications Trial reference range of 4.05%-6.05%
(20.7-42.6 mmol/mol) using the multiple of the mean
transformation method to account for different labora-
tory methods.'>'® Hypertension was defined as systolic
blood pressure (BP) >140 mm Hg or diastolic blood pres-
sure >90 mm Hg. Metabolic syndrome was defined per
the International Diabetes Federation Consensus State-
ment'” as obesity (BMI >30 kg/m?, because waist circum-
ference was not available in most individuals) and one of
the following: TG >150 mg/dL, HDL <40 mg/dL (males)
or <50 mg/dL (females), lipid-lowering medication, sys-
tolic BP >130 mm Hg or diastolic BP >85 mm Hg, or
antihypertensive medication. The third criterion of ele-
vated fasting plasma glucose was present in all partici-
pants through the documentation of diabetes. Smoking
was defined as smoking at least one cigarette per day
(yes/no). Alcohol abuse was considered as a daily alcohol
consumption of >24 g in men and >12 g in women."®
Missing data on smoking behavior were not used for
analysis, whereas no documentation of critical alcohol
intake at any visit was classified as no alcohol abuse.
Smoking behavior, alcohol abuse as well as documented
diagnoses of neuropathy, PAD, and retinopathy'® accord-
ing to guideline-based in-house evaluations of the clini-
cians were aggregated over the whole documentation
period (for adults with DFU only before the first docu-
mentation of DFU). Nephropathy was defined as esti-
mated glomerular filtration rate <60 (mL/min/1.73%)
according to the Chronic Kidney Disease Epidemiology
Collaboration formula® or as documented microalbumi-
nuria or if renal transplantation or a history of dialysis
was documented. For identification and classification of
the severity of DFU Wagner grades were used as this clas-
sification system is still recommended in the most recent
guideline on diabetic foot from the German Diabetes
Association and therefore was used by the centers partici-
pating in this study during foot examinations and is
included in the DPV documentation software.”’ Wagner
grades range from 0 to 5 indicating no current ulcer, but
pre- or postulcerative lesions (Wagner 0), superficial ulcer
(Wagner 1), deep ulcer without abscess or bone
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involvement (Wagner 2), ulcer with abscess and bone
involvement (Wagner 3), localized ulcer with gangrene
(Wagner 4), and extensive ulcer with gangrene (Wagner
5). Wagner grades of 1 or higher were defined as DFU.
Individuals with Wagner 0 were excluded. For each indi-
vidual the highest documented classification at time of
first occurrence of DFU was considered in individuals
with DFU. In individuals without DFU the documented
foot examination within the most recent treatment year
was used for identification of those with Wagner 0. If one
of the two matching partners had missing values on an
outcome variable, data from both matching partners were
excluded from the analysis on this variable to avoid bias
through asymmetry of missing data between people with
and without DFU.

2.5 | Statistical analysis

All statistical analyses were generated using SAS
(Statistical Analysis Software, SAS Institute Inc., Cary,
NC, USA) Version 9.4, Built M7, on a Windows Server
2016 mainframe. For all analyses a two-sided p value of
<.05 was considered as significant. Descriptive statistics
were performed for all individuals before matching and
stratified by DFU and amputation separately for T1D
and T2D (Table 1). The results are shown as median with
quartiles for continuous variables and as proportions for
binary variables. p values were calculated using the chi-
square test for categorial variables and the Wilcoxon's
rank sum test for continuous variables and adjusted for
multiple comparisons, separately for T1D and T2D.
Besides the unadjusted proportions of people with DFU
or amputations by diabetes type among the unmatched
cohort, odds ratios (OR) were calculated using logistic
regression models, adjusted for age categories (18— <40,
40- <60, 60+ years), sex, diabetes duration categories (1-
10, >10-25, >25 years), calendar year categorized (2000-
2005, 2006-2010, 2011-2021), smoking history, and alco-
hol abuse to compare the risk for DFU and amputation
of individuals with T1D and T2D. Cross-sectional com-
parisons of the matched cohort with DFU vs the control
group were conducted irrespective of DFU with or with-
out amputations, both for the whole group and stratified
by sex. p values were calculated in the same way as
within the descriptive analysis and adjustment for multi-
ple comparisons was implemented within each subgroup.
The risk for amputation following the first documenta-
tion of DFU was analyzed with Cox regression to calcu-
late hazard ratios (HRs). Individuals with DFU and at
least 100 days of follow-up (first documentation of DFU
was considered as baseline), but without an amputation
within these first 100 days were included. Therefore,

1107 adults with T1D and 8586 adults with T2D were
selected for longitudinal analysis (Figure S1). Due to the
reduced number of individuals included in this analysis,
minor and major amputations were pooled as outcome
variable. HRs were calculated unadjusted and adjusted
for sex, age categories, diabetes duration, and calendar
year at baseline. Age groups for this analysis differed
from age groups used for matching in T1D, as this
follow-up cohort was considerably older (age groups for
follow-up analysis in T1D: 18- <40, 40- <60, 60+ years).
We additionally conducted a “complete model” analysis
with all relevant variables included in one model. Indi-
viduals were censored at the time of last contact if an
amputation was never conducted.

3 | RESULTS

3.1 | Description of unmatched cohort
Among all individuals in the unmatched cohort
(N = 359 460), the proportion of males was 53% in T1D
and 52% in T2D. Median age with interquartile range was
considerably lower in T1D (32.8 [19.6-53.6] years) than in
T2D (71.0 [61.4-78.8] years), but diabetes duration was lon-
ger (T1D: 13.2 [7.3-23.2] years; T2D: 10.2 [5.4-16.7] years).
For both diabetes types, individuals with DFU were more
often male, were older, had longer diabetes duration, and
the analyzed calendar year been earlier. Further characteris-
tics of the unmatched cohort are presented in Table 1 and
standardized differences of matching variables before and
after matching are shown in Table S1. All matching vari-
ables could be equalized sufficiently as all standardized dif-
ferences were <1% after the matching procedure.

Besides individuals with Wagner grade 0, who were
excluded from the analysis, about one half of the remain-
ing individuals had a documented Wagner grade. Of
those with a documented foot examination, 88.5% were
classified as healthy (no signs of DFU) and 5.0%, 3.0%,
2.2%, 1.2%, and 0.1% had the Wagner grades 1-5.

3.2 | Proportion with DFU

The unadjusted proportion of people with DFU was 5.0%
in T1D and 9.5% in T2D. The adjusted OR with 95% con-
fidence limits for DFU for T2D vs T1D was 1.22 [1.16-
1.29], p < .001. Among individuals with DFU, the unad-
justed proportion with amputations in the subsequent
course of their disease was 36.5% in T1D and 38.1% in
T2D representing an adjusted OR for amputations among
adults with T2D of 1.17 [1.06-1.30] (p = .003) compared
to T1D.
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TABLE 2 Main outcomes of matched cohort with T1D stratified by sex.
All Female Male
N = 5352 N = 2042 N = 3310
Variable No DFU With DFU No DFU With DFU No DFU With DFU
Height (cm) N (all) = 4986 172 173* 164 165 176 178%
[165-178] [165-180] [160-169] [160-169] [172-181] [173-183]
Body mass index (kg/m?*) N (all) = 4986 25.5 25.7 25.3 26.0 ** 25.8 25.6
[23.0-28.7]  [22.7-29.4] [22.4-28.6]  [22.6-30.5] [234-28.7]  [22.8-29.0]
HbAlc (%) N (all) = 5352 7.5 7.8k 7.6 7.7 % 73 7.8%
[6.8-8.5] [6.9-9.0] [6.9-8.5] [6.9-9.0] [6.7-8.5] [6.9-9.0]
HbAlc (mmol/molv N (all) = 5352 59 61+%* 59 61* 58 62%%*
[50-69] [51-75] [52-69] [51-75] [50-69] [51-75]
TC (mg/dL) N (all) = 2354 192 190 200 201 188 179
[162-220] [158-219] [174-225] [174-231] [157-215] [151-211]
HDL (mg/dL) N (all) = 2354 58 5 67 g 54 49
[46-74] [41-66] [52-82] [46-72] [43-69] [39-61]
LDL (mg/dL) N (all) = 2354 104 99 107 106 102 97
[80-130] [75-126] [82-134] [79-133] [79-127] [74-123]
TC/HDL (mg/dL) N (all) = 2354 3.19 3i54se 2.95 341+ 3.34 alpdre
[2.57-4.07]  [2.80-4.54] [2.43-3.63]  [2.66-4.44] [2.67-4.30]  [2.86-4.64]
LDL/HDL (mg/dL) N (all) = 2354 1.74 1.94%* 1.58 1.79* 1.88 2.05
[1.23-2.44]  [1.29-2.71] [1.13-2.19]  [1.17-2.47] [1.30-2.68]  [1.38-2.79]
Triglycerides (mg/dL) N (all) = 2980 101 116*+* 94 116%+* 104 115%+*
[74-146] [84-170] [72-141] [81-172] [76-151] [85-170]
Hypertension (%) N (all) = 5002 36.6 38.3 354 36.8 37.3 39.1
Antihypertensives (%) N (all) = 5352 47.1 55.4%%* 46.4 58.2%¥* 47.6 53.7%*
Metabolic syndrome (%) N (all) = 4982 20.4 25.3%%* 214 31.0%** 22.9 24.3
Smoking (%) N (all) = 3142 24.1 29 4% 20.6 23.1 26.3 33.3%*
Alcohol abuse (%) N (all) = 5352 6.5 8.4 3.9 4.5 8.2 10.8
Pump use (%) N (all) = 5352 24.5 12.9%#* 27.1 15.3%** 22.8 11.5%*+*
Neuropathy (%) N (all) = 5352 46.7 70.3%%% 45.3 70,07 47.6 70.5%%*
PAD (%) N (all) = 5352 9.0 37.6%%* 7.3 37.6%%* 10.0 37,5
Nephropathy (%) N (all) = 5352 32.7 46,75 352 47,87 31.1 46.0%%*
Retinopathy (%) N (all) = 1532 36.2 41.1 31.8 40.5 39.0 41.5

Note: Data are shown as median with interquartile range or as %.

Abbreviations: DFU, diabetic foot ulcer; HbAlc, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; No DFU, control group
without any diabetic foot ulcer; PAD, peripheral artery disease; TC, total cholesterol; T1D, type 1 diabetes.

*p <.05; **p < .01; ***p < .001.

3.3 | Cross-sectional comparisons

Within the matched cohort with T1D, the factors associ-
ated with DFU were higher body height (p = .013),
increased HbAlc (p < .001), triglycerides as well as the
ratio of TC/HDL or LDL/HDL (all p < .01), smoking his-
tory (p = .007), and multiple subcutaneous daily injec-
tions with insulin pens (p < .001). The results regarding
triglycerides levels were similar even with additional

adjustment for HbAlc, type of insulin administration
(injection vs pump use) and prescription of lipid-lowering
medication. No clear evidence was observable for blood
pressure, but the proportion treated with antihyperten-
sive medication was higher in individuals with DFU
(p < .001, Table 2). In women, BMI, metabolic syndrome,
and lipid levels, especially TG and the ratios of TC/HDL
or LDL/HDL, were related to DFU, whereas in men
HbAlc and a smoking history were more prominent
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TABLE 3 Main outcomes of matched cohort with T2D stratified by sex.
All Female Male
N =58112 N = 20 806 N = 37 306
Variable No DFU With DFU No DFU With DFU No DFU With DFU
Height (cm) N (all) = 50 284 170 172 *#x 161 163 *** 174 176 *+*
[164-176] [165-178] [158-166] [159-168] [170-179] [171-181]
Body mass index (kg/m?) N (all) = 50 284 29.4 294 29.8 29.8 29.4 29.3
[26.1-33.7]  [25.9-34.0]  [25.9-34.6]  [25.7-34.8]  [26.1-33.3]  [25.9-33.5]
HbAlc (%) N (all) = 58 112 7.2 7.2 7.2 7.2 7.2 7.2
[6.4-8.4] [6.3-8.4] [6.4-8.4] [6.4-8.3] [6.4-8.4] [6.3-8.4]
HbA1lc (mmol/mol) N (all) = 58 112 55 55 55 55 56 55
[46-68] [46-68] [46-68] [46-67] [46-68] [46-68]
TC (mg/dL) N (all) = 22 324 180 174 %% 192 186 *** 173 167 ***
[149-214] [143-208] [160-226] [154-221] [143-207] [138-199]
HDL (mg/dL) N (all) = 22 324 43 41 *+ 47 45 #** 41 40 ***
[35-53] [34-51] [38-58] [37-56] [34-50] [32-48]
LDL (mg/dL) N (all) = 22 324 104 100 *** 110 106 ** 100 96 *H*
[77-132] [75-127] [83-139] [81-135] [75-128] [72-123]
TC/HDL (mg/dL) N (all) = 22 324 411 417 4.03 4.04 416 421
[3.23-523]  [3.28-529]  [3.16-5.13]  [3.21-5.18]  [3.28-5.27]  [3.33-5.33]
LDL/HDL (mg/dL) N (all) = 22 324 2.38 2.41 2.33 2.35 2.41 2.45
[1.71-3.23]  [1.74-3.24]  [1.67-3.17]  [1.67-3.17]  [L.73-3.26]  [1.78-3.29]
Triglycerides (mg/dL) N (all) = 28 212 151 145 *** 155 152 148 142 ***
[106-217] [103-207] [111-218] [108-216] [104-215] [101-201]
Hypertension (%) N (all) = 53 580 44.5 43.3 % 45.3 42.7 ** 44.0 436
Antihypertensives (%) N (all) = 58 112 56.2 63.9 bk 57.4 65.4 *¥* 55.6 63.1 *H*
Metabolic syndrome (%) N (all) = 50 052 48.2 49.8 ** 50.8 52.5 46.7 48.4 *
Smoking (%) N (all) = 29 172 13.1 14.7 7.8 9.7 #x 16.1 17.5
Alcohol abuse (%) N (all) = 58 112 3.8 6.4 *** 1.5 2.5 #* 5.1 8.6 ***
Insulin therapy (%) N (all) = 58 112 63.3 70.1 *** 63.7 70.2 *** 63.2 70.0 ***
Neuropathy (%) N (all) = 58 112 39.4 60.8 ¥ 38.2 61.5 40.1 60.4 %
PAD (%) N (all) = 58 112 10.8 43.4 10.3 41.7 11.1 44,4
Nephropathy (%) N (all) = 58 112 50.7 58.2 #k 58.6 65.4 #* 46.3 54,2 %k
Retinopathy (%) N (all) = 8460 14.6 23.2 % 13.8 24.] 15.1 22.7 ***

Note: Data are shown as median with interquartile range or as %.
Abbreviations: DFU, diabetic foot ulcer; HbAlc, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; No DFU, control group

without any diabetic foot ulcer; PAD, peripheral artery disease; TC, total cholesterol; T2D, type 2 diabetes.

*p <.05; **p < .01; ***p < .001.

(Table 2). In adults with T2D, alcohol abuse, a smoking
history, and insulin therapy (all p < .001) were related to
DFU, whereas HbAlc did not differ and lipid levels as well
as the proportion with hypertension were lower in individ-
uals with DFU. Similarly to T1D, the proportion treated
with antihypertensive medication was higher (p < .001) in
individuals with DFU (Table 3). For both diabetes types the
proportion with documented neuropathy, PAD and
nephropathy was significantly increased (all p < .001)
whereas the increase in retinopathy was significant only for
T2D individuals with DFU (Tables 2 and 3).

3.4 | Longitudinal analysis

Cox regression analyses of the 9693 individuals with
DFU and sufficient follow-up data revealed that in T1D,
male sex, long diabetes duration, high Wagner grades,
and high HbAlc were the strongest predictors for future
amputations (Table 4). These results remained significant
even in the “complete model” analysis with the exception
of diabetes duration (Figure 1). In T2D, the same predic-
tors could be observed, but high BMI was associated with
lower HRs for future amputation (Table 4). Again, these

858017 SUOWWOD 8AIE8.D 3(gedldde ayy Aq peusenob ae sajolie VO ‘8sN JO S9INJ 10j A%eiqiT8ulIUQ AB|IM UO (SUOIPUOD-PUR-SUR)ALIO" A3 1M ATRIq U1 |UO//STIY) SUORIPUOD Pue SWwd 1 8y 88S *[7202/20/92] U0 AkidiTauljuo A1 ‘WIN TISBAIUN Jop ZIX AQ TESET'L0V0-ESLT/TTTT OT/I0p/L00 A3 (1M AeIq Ul |Uo//Sdny Woj pepeolumod ‘Z ‘%202 ‘L00ESLT



sof3_| \W[LEY. Jounalof Diabetes

ECKERT ET AL.

TABLE 4 Crude and adjusted hazard ratios for amputations.

Predictive variable
Sex (male)
Age
18-39 years
40-59 years
60+ years
18-59 years
60-79 years
80+ years
Diabetes duration
1-10 years
11-30 years
31+ years
1-5 years
6-10 years
11-20 years
21+ years
Calendar year
2000-2005
2006-2010
2011-2021
Wagner-grade
1
2
3
4/5
BMI
<25
>25
<25
25- <30
30- <35
>35
HbAlc
<7%
7- <9%
>9%
<6.5%
6.5- <8%
>8%
Smoking
Alcohol

Hypertension

T1D

T2D

Crude HR
2.4 [1.6-3.5], p < .001

ref.
1.3[0.8-2.2], p = .290
0.8 [0.4-1.3], p = .316

ref.
2.3[1.3-4.3], p = .007
3.6 [1.9-6.7], p < .001

ref.
1.5[0.9-2.4], p = .125
4.0 [2.6-6.3], p < .001

ref.

4.3[2.7-6.7], p < .001
7.8 [4.5-13.4], p < .001
9.0 [4.2-19.3], p < .001

ref.

0.7 [0.5-1.1], p = .102

ref.
3.2[2.0-5.2], p < .001
4.6 [2.7-7.8], p < .001

1.6 [1.1-2.5], p = .017
0.8 [0.3-2.0], p = .664
1.2[0.8-1.6], p = .402

Adjusted HR
2.2[1.5-3.2], p < .001

ref.
1.3[0.8-2.1], p = .360
0.8 [0.4-1.3], p = .364

ref.
2.0[1.1-3.8], p = .024
2.9 [1.5-5.6], p = .001

ref.
1.2[0.8-2.0], p = .374
2.9 [1.8-4.6], p < .001

ref.

3.0 [1.8-4.9], p < .001
4.5[2.5-8.1], p < .001
5.2 [2.3-11.7], p < .001

ref.

0.9 [0.6-1.3], p = .605

ref.
2.6 [1.6-4.2], p = .001
3.4 [1.9-6.0], p < .001

1.4[0.9-2.1], p = .136
0.7[0.3-1.8], p = . 514
1.3[0.9-1.9], p = .132

Crude HR
2.0 [1.7-2.3], p < .001

ref.
1.0 [0.9-1.1], p = .782
1.1 [0.9-1.4], p = .369

ref.

1.5 [1.2-1.9], p < .001
1.8 [1.5-2.2], p < .001
2.4[1.9-2.9], p < .001

ref.
1.7 [1.4-2.1], p < .001
2.3[1.9-2.8], p < .001

ref.

3.2[2.7-3.8], p < .001
4.0 [3.3-4.8], p < .001
6.9 [5.5-8.6], p < .001

ref.

0.7 [0.6-0.8], p < .001
0.7 [0.5-0.8], p < .001
0.5 [0.4-0.6], p < .001

ref.

1.5[1.3-1.7], p < .001
1.9 [1.6-2.2], p < .001
1.3 [1.1-1.6], p = .010
0.9 [0.7-1.3], p = .673
0.9 [0.8-1.0], p = .013

Adjusted HR
1.7 [1.5-2.0], p < .001

ref.
0.9 [0.8-1.1], p = .322
1.1 [0.8-1.3], p = .639

ref.

1.5 [1.2-1.9], p < .001
1.7 [1.4-2.1], p < .001
2.2[1.8-2.7], p < .001

ref.
1.6 [1.3-1.9], p < .001
1.9 [1.6-2.3], p < .001

ref.

2.6 [2.2-3.1], p < .001
3.0 [2.4-3.6], p < .001
5.2 [4.2-6.6], p < .001

ref.

0.7 [0.5-0.8], p < .001
0.7 [0.6-0.8], p < .001
0.5 [0.4-0.6], p < .001

ref.

1.3 [1.1-1.5], p = .002
1.6 [1.3-1.8], p < .001
1.2 [1.0-1.5], p = .061
0.8 [0.6-1.2], p = .291
0.9 [0.8-1.0], p = .046
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TABLE 4 (Continued)
T1D T2D
Predictive variable Crude HR Adjusted HR Crude HR Adjusted HR
Dyslipidemia 1.0 [0.7-1.5], p = .901 1.2[0.8-1.7], p = 421 0.8 [0.7-1.0], p = .018 0.9 [0.8-1.1], p = .268
TG > 150 mg/dL 1.3[0.9-1.9], p = .248 1.3[0.9-1.9], p = .249 0.8 [0.7-0.9], p = .004 0.9 [0.7-1.0], p = .031
Hypertensive medication 0.9 [0.7-1.3], p = .756 0.9 [0.6-1.3], p = .608 1.2 [1.0-1.3], p = .023 1.1 [1.0-1.2], p = .202
Lipid-lowering medication 0.9 [0.6-1.3], p = .610 0.9 [0.6-1.3], p = .498 1.0 [0.9-1.1], p = .682 0.9 [0.8-1.0], p = .025

Pump use 0.8 [0.5-1.3], p = .354
Insulin use
Metformin
Excluding insulin®
GLP-1RA
Excluding insulin®
Sulphonylurea
Excluding insulin®
SGLT2i
Excluding insulin®

DPP4i

Excluding insulin®

0.6 [0.4-1.0], p = .053

2.2[1.9-2.5], p < .001
0.6 [0.5-0.6], p < .001
0.6 [0.5-0.8], p < .001
0.7 [0.5-1.1], p = .133
0.3 [0.1-1.3], p = .100
0.5 [0.4-0.6], p < .001
0.9 [0.7-1.2], p = 422
1.5 [1.0-2.3], p = .038
2.4 [1.3-4.6], p = .0061.7
1.3 [1.1-1.6], p = .002
1.7 [1.2-2.3], p = .001

2.1[1.8-2.4], p < .001
0.6 [0.5-0.7], p < .001
0.8 [0.6-1.0], p = .027
0.6 [0.4-0.9], p = .015
0.2 [0.1-0.9], p = .037
0.6 [0.5-0.7], p < .001
1.1[0.9-1.5), p = .344
1.1[0.8-1.7], p = .543
1.8 [0.9-3.4], p = .080
1.0[0.9-1.2], p = .785
1.3[1.0-1.9], p = .092

Note: Shown are HRs for minor or major amputations, crude and adjusted for age, sex, diabetes duration, and treatment years.
Abbreviations: BMI, body mass index; DPP4i, dipeptidyl peptidase-4 inhibitors; GLP-1RA, GLP1-receptor agonists; HbAlc, glycated hemoglobin; HR, hazard
ratio; SGLT2i, sodium-glucose cotransporter-2 inhibitors; TG, triglycerides; T1D, type 1 diabetes; T2D, type 2 diabetes.

#Individuals on insulin were excluded for this analysis.
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Hazard ratios for the risk of amputation in individuals with diabetic foot ulcers. All individuals were followed for at least

100 days and initial amputations within the first 100 days after the first documentation of diabetic foot ulcer were excluded. Hazard ratios

were calculated in a complete model including all shown parameters. BMI, body mass index; CI, confidence interval; DFU, diabetic foot

ulcers; HbAlc, glycated hemoglobin; HR, hazard ratio.

results remained more or less stable in the “complete
model” except for diabetes duration and HbAlc to some
extent (Figure 1). Individuals on insulin had higher HRs
whereas individuals on metformin or GLP-1 receptor

agonists (GLP-1RA) had lower HRs (Table 4), but this
effect vanished partly combining all medications in one
model (Figure S2). The crude HRs for those using sodium
glucose transporter 2 inhibitors (SGLT2i) were elevated,
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but the statistical significance vanished with adjustment
for age, sex, diabetes duration, and treatment year in both
groups (with additional insulin therapy and those with-
out insulin treatment). The crude HRs were higher in the
group without insulin therapy (Table 4). Smoking and
alcohol abuse did not reveal significantly higher HRs for
amputations in both T1D and T2D. Data from the “com-
plete model” analysis on most important predictors are
shown in Figure 1 and all analyzed HRs, crude and
adjusted, are presented in Table 4.

4 | DISCUSSION

In the present study, we found slightly higher odds for
DFU and amputations in adults with T2D compared to
T1D. In adults with T1D, high HbAlc, high lipid levels,
and multiple subcutaneous daily injections with insulin
pens (compared to insulin pump) were associated with
DFU. In adults with T2D, a smoking history, alcohol
abuse, and insulin treatment were related to DFU. The
risk for amputations among those with DFU was higher
in adults with high HbAlc, but smoking and alcohol
abuse did not reach statistical significance. Insulin treat-
ment was associated with higher risks for amputations,
and GLP-1RA and metformin were associated with lower
risks for amputation.

According to a meta-analysis from 2016, the preva-
lence of DFU was estimated to be 6.3% globally, and 5.1%
in Europe.' The prevalence of DFU in Germany was 6.2%
based on insurance data from 2013.22 Therefore, the pro-
portion of people with DFU among the DPV data
between 2000 and 2021 with 5% in T1D and 9.5% in T2D
was approximately within this range. It is worth men-
tioning that the prevalence of DFU in the present study
may be an underestimate as some DFU remain undocu-
mented in the electronic health record. Additionally, we
included only DFU with a documented date of diagnosis.
This may be a reason for the slightly lower prevalence of
DFU in our study compared to an earlier publication
from the DPV registry from 2018 where 6.5% individuals
with T1D and 9.9% with T2D were documented with
DFU at any time.*®> On the other hand, there are mainly
individuals with T2D included in the DPV registry who
are treated in participating clinics with qualified diabetol-
ogists or endocrinologists and therefore describe a group
of individuals with T2D with higher disease burden and
potentially a slightly higher rate of foot ulcers compared
to prevalence rates based on insurance data. The higher
proportion of DFU in T2D than in T1D in our study is in
agreement with a few but not all previously published
studies.™"!

The present study shows that high HbAlc is more
strongly associated with DFU in T1D (especially in
males) than in T2D, but it is a risk factor for future
amputations in both diabetes types. This is in line with
most studies®'®**; however, there is one meta-analysis
that did not find an association between HbAlc and
DFU." According to a systematic review, improving gly-
cemic control is one of the four key tasks of multidisci-
plinary centers to avoid major amputations.”® The fact
that 94% of studies within this review reported a reduc-
tion of major amputations in centers acting according to
these key tasks depicts both the importance of HbAlc
management and the treatment of individuals with DFU
in specialized or multidisciplinary centers. Longer disease
duration of adults with T1D compared to T2D and gener-
ally higher HbAlc might be reasons for the stronger asso-
ciations between glycemic control and DFU as this
phenomenon could also be detected for other complica-
tions and diseases.*>*’

High BMI and lipid levels as well as the presence of
metabolic syndrome were associated with DFU but not
with amputations in T1D and this association was stron-
ger for women than for men. Particularly, TG and the
ratio of TC/HDL and LDL/HDL seem to be important for
the development of foot ulceration. The association of
dyslipidemia with DFU in T1D was also observed in an
earlier investigation of the DPV data that revealed a
higher proportion of DFU in individuals with “double
diabetes” (T1D plus metabolic syndrome).*® Other studies
on lipid levels and T1D are rare, but for combined ana-
lyses of both diabetes types triglycerides seem to have the
strongest relation to DFU and amputations.’ Associations
of TG and HDL with DFU were also reported.”® Accord-
ing to the DPV data, one could assume that metabolic
parameters might be a risk factor only in this specific
subgroup and therefore it might be helpful to closely
monitor lipid levels in T1D people at higher risk for
DFU. Nevertheless, there are studies that report worse
lipid composition in individuals with T2D and DFU.***!

In our study, there was no association between BP
and DFU or amputations. Previous studies reported con-
flicting results for the association between BP and DFU.?
One study found a higher proportion of individuals with
hypertension among those with DFU,' another study
reported a higher risk for amputation in individuals with
>10 years of hypertension from the diagnoses of DFU,*
and other studies found no significant association
between DFU or amputations and hypertension.'"'* Nev-
ertheless, the proportion of people with DFU who were
treated with antihypertensive medication was markedly
increased. This could be due to preceding hypertension
that might have driven the development of foot
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ulceration in these individuals who now are treated
according to guidelines™ and therefore differences in the
proportion of hypertension are difficult to detect.

The findings on smoking and alcohol consumption
were ambiguous as well. At least in T2D and for smoking
in males with T1D, these habits were related to the occur-
rence of DFU, but no clear risk enhancement for amputa-
tions could be detected after adjustment. This is
surprising, at least for smoking, as this is one of the few
widely confirmed risk factors for amputations,®'"** while
there is less evidence concerning alcohol consump-
tion.'** Our results might have been mitigated due to
the self-reported manner in which these behaviors are
documented. Another possibility might be that once hav-
ing developed a DFU, quitting smoking or drinking alco-
hol does no more to protect from amputations.

Insulin pump use was associated with less DFU in T1D,
and this association remained with adjustment for BMI and
HbA1c. We could not find previous studies reporting a rela-
tion between multiple daily injections or insulin pump use
and DFU, but a Swedish cohort study found that HbAlc
variability was associated with cardiovascular diseases®
and pump use might reduce this variability. Another study
investigated wound healing of DFU in T2D, which signifi-
cantly improved from insulin pump use compared to multi-
ple daily injections.”” In T2D, insulin was more often
prescribed in adults with DFU, which confirms findings
from other studies and might relate to a higher disease bur-
den and more requirement for nursing in these individ-
uals.®>*** This is supported by a Chinese study that found
higher risk for DFU in individuals with severe insulin-
deficient diabetes, a group of mostly insulin-dependent indi-
viduals with T2D (88%) the researchers identified via cluster
analyses.*” SGLT2i are under suspicion to enhance the risk
for lower limb amputations,**** but there are also studies
questioning this.***> A recent meta-analysis concluded that
GLP-1RA might be advantageous to the other oral glucose
lowering agent; dipeptidyl peptidase-4 inhibitors (DPP4i),
but SGLT2i have no positive or adverse association to
amputations.*® This would be in line with our results
revealing that treatment with metformin or GLP-1RA in
the year preceding the first DFU documentation was associ-
ated with lower hazard ratios for amputations compared to
insulin therapy and to other oral hypoglycemic medication
even with adjustment for HbAlc categories. Further, the
higher crude HRs for amputation among those on SGLT2i
were no longer significant after adjustment for age, sex, dia-
betes duration, and treatment year. This might indicate that
the patient selection of SGLT2i treatment might be mainly
responsible for this effect rather than the pharmacologic
treatment itself.

The strength of the present study is that a high num-
ber of individuals with T1D and T2D could be observed

over a long treatment period enabling us to affirm or
question existing assumptions. A prospective, standard-
ized electronic documentation was used. Therefore, pos-
sible associations to diabetic foot ulcers and lower limb
amputations could be evaluated with real-world data
from 255 institutions including over 60 000 individuals
in the matched cohort. Limitations include the lack of
other classification systems for DFU severity that con-
sider infection status as well, such as the University of
Texas wound classification scheme (available in only
~1% of individuals) or the SINBAD (Site, Ischemia, Bac-
terial infection, Area and Depth) classification which is
the currently recommended classification system by the
International Working Group on the Diabetic Foot.*” Nev-
ertheless, Wagner grades are still recommended by the
German Diabetes Association®' and therefore this is stan-
dard for centers participating in the DPV registry and used
for this analysis. The self-reported manner of the docu-
mentation of alcohol consumption and smoking behavior
is also a potential bias. Information on specific nutritional
habits of the participants were not available, unfortu-
nately. Further, we did not include socioeconomic indica-
tors as these would have been available only for Germany
and on a regional level, as individual socioeconomic status
is not available in the registry. Additionally, we did not
have standardized information on the exact structure of
each center regarding a multidisciplinary team. Results on
medication and therapy should be interpreted with cau-
tion as many different combinations of diabetes and non-
diabetes medications as well as therapy changes are likely
in different individuals. Additionally, no causal conclu-
sions can be drawn from our observational study. Due to
the distribution of individuals with DFU over the years,
we had to match the control group by calendar year to
avoid bias because of medications that were not yet or no
longer available for prescription. Therefore, the matched
study population includes many individuals treated several
years back and does not perfectly describe the current pro-
portions of medications and therapies.

5 | CONCLUSION

Risk assessment for DFU is dependent on similar charac-
teristics in adults with T1D and T2D with male sex, taller
body height, and comorbidities such as neuropathy,
nephropathy, PAD, and retinopathy identifying individ-
uals with higher risk for DFU. Risk factors amenable to
intervention differ partly between diabetes types. Although
improvement of glycemic control and lipid levels seems to
be important in T1D, smoking and drinking behavior as
well as type of diabetes medication should be considered
in T2D.
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