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Background and purpose: Lower-extremity amputations (LEAs) in people with diabetes 

are associated with reduced quality of life and increased health care costs. Detailed knowl-

edge on amputation rates (ARs) is of utmost importance for future health care and economics 

strategies. We conducted the present cohort study in order to estimate the incidences of LEA 

as well as relative and attributable risk due to diabetes and to investigate time trends for the 

period 2008–2012.

Methods: On the basis of the administrative data from three large branches of German statu-

tory health insurers, covering ~34 million insured people nationwide (about 40% of the German 

population), we estimated age-sex-standardized AR (first amputation per year) in the populations 

with and without diabetes for any, major, and minor LEAs. Time trends were analyzed using 

Poisson regression.

Results: A total of 108,208 individuals (diabetes: 67.3%; mean age 72.6 years) had at least 

one amputation. Among people with diabetes, we observed a significant reduction in major and 

minor ARs during 2008–2012 from 81.2 (95% CI 77.5–84.9) to 58.4 (55.0–61.7), and from 

206.1 (197.3–214.8) to 177.0 (169.7–184.4) per 100,000 person-years, respectively. Among 

people without diabetes, the major AR decreased significantly from 14.3 (13.9–14.8) to 11.6 

([11.2–12.0], 12.0), whereas the minor AR increased from 15.8 (15.3–16.3) to 17.0 (16.5–17.5) 

per 100,000 person-years. The relative risk (RR) comparing the diabetic with the nondiabetic 

populations decreased significantly for both major and minor LEAs (4% and 5% annual reduc-

tion, respectively).

Conclusion: In this large nationwide population, we still found higher major and minor ARs 

among people with diabetes compared with those without diabetes. However, AR and RR of 

major and minor LEAs in the diabetic compared with the nondiabetic population decreased 

significantly during the study period, confirming a positive trend that has been observed in 

smaller and regional studies in recent years. 

Keywords: diabetes, lower-extremity amputations, epidemiology, incidence, cohort study, 

relative risk, amputation rate, time trend

Introduction
The global prevalence of diabetes mellitus rose to 8.8% in 2015, which corresponds 

to 415 million people worldwide.1 Consequently, the number of people with diabetic 

complications, including foot disease, has increased. Epidemiological studies have 

shown that up to 75% of lower-extremity amputations (LEAs) are performed in 

patients with diabetes.2–4 Since LEA reduces quality of life5 and increases medical 

costs,6 various initiatives have been conceived to reduce the number of LEAs among 
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people with diabetes.7,8 In order to improve the quality of 

medical care among people with diabetes in Germany, disease 

management programs were introduced for type 2 diabetes in 

2003 and for type 1 diabetes in 2005,9 followed by a national 

guideline for the prevention and treatment of diabetic foot 

complications.10

Previous studies showed a large variation in incidence 

rates of LEA and relative risk (RR) among people with and 

without diabetes, as well as inconsistent results with respect 

to time trends.2,4,11,12 The German Leverkusen Amputation 

Reduction Study (LARS)2 began in the early 1990s and 

covered the population of the city of Leverkusen. It revealed 

a reduced incidence of LEA in the diabetic population 

between 1990 and 2005, but an unchanged incidence rate in 

the nondiabetic population. In the 1990s, the RR comparing 

people with and without diabetes in the LARS was 26 (95% 

CI 17–39).13 A more recent study conducted in 2005–2007 

using data from one statutory health insurance (SHI) found 

a considerably lower RR of 7.4 (95% CI 6.3–8.7).3 However, 

nationwide data on incidence, RRs, and time trends of LEA in 

the diabetic and nondiabetic populations are lacking to date. 

Hence, the aim of this study was 1) to estimate the amputa-

tion rate (AR) of LEA stratified by amputation level in the 

population with and without diabetes as well as relative and 

attributable risk due to diabetes and 2) to investigate time 

trends for the period 2008–2012. 

Methods
Study population and data assessment
We used anonymized nationwide pooled data from three 

German branches of SHI companies: Allgemeine Ortskran-

kenkasse (AOK) (68% of the study population), BARMER 

Ersatzkasse (25%), and Betriebskrankenkasse (7%), covering 

~34 million inhabitants (ie, 42% of the German population). 

We included data from all individuals who were continuously 

insured (ie, ≤30 days gap in pairwise subsequent quarters 

by one of these SHI within the period January 1, 2007, to 

December 31, 2012) for at least 1 year, which was necessary 

to define the diabetes status of the insured individuals. Hence, 

individuals whose insurance period started later (eg, May 1, 

2010) and fulfilled the above-mentioned inclusion criteria 

were also considered. Since diabetes mellitus not only is the 

leading cause of LEA due to diabetic neuropathy and arterial 

vascular disease but also contributes to the development of 

traumatic and cancer-related amputations.14 We have taken 

into account all amputations between 2008 and 2012 irrespec-

tive of the potential causes of LEA, in line with Fosse et al.14 

In addition, insurance data from 2007 were used to ensure 

insurance periods of at least 1 year per person for insured 

individuals in 2008. 

According to an established algorithm,15 a “subject” was 

classified as having diabetes if at least one of the following 

criteria was met: 1) diagnosis of diabetes (ICD E10-E14) in 

at least three out of four consecutive quarters; 2) at least two 

prescriptions of antihyperglycemic medications (ATC code 

A10) within 1 year; or 3) at least one diagnosis of diabetes and 

prescription of an antidiabetic medication, one measurement 

of HbA
1c

, or blood glucose in the same quarter (to avoid false-

positive cases due to data errors). We also included patients 

with new-onset diabetes to meet the criteria during the entire 

observation period. A subject was classified as an “individual 

with diabetes” from the first quarter wherein the condition 

was fulfilled, and retained this status throughout the study. 

Antihyperglycemic medication was assessed during the 6 

months before a first amputation since 2008 (available only 

for patients with amputations).

We assessed LEA in 2008–2012 using the specific opera-

tion procedure codes (OPS) of the hospital discharge docu-

mentation.3,16 We differentiated between major (OPS 5-864.x, 

5-869.0: any LEA above the ankle joint) and minor amputa-

tion (OPS 5-865.x: through or distal to the ankle joint).11,12,17

Neither individual written consent by patients nor ethical 

approval was required as the data were anonymous and no 

link to primary data was intended.18

Statistical analysis
The main analyses were conducted for the entire population 

as well as sex-specifically for any LEAs as well as separately 

for major and minor amputations.

We estimated AR for each calendar year as follows: the 

number of any first LEA per individual occurring within this 

year – as numerator – was divided by the cumulative person-

years (PY) at risk, from all insurance quarters of all insured 

individuals in the respective year – as denominator. Likewise, 

major and minor ARs were computed counting only first major 

and first minor amputations occurring within that year. The 

first major amputation occurring after a first minor amputation 

within each calendar year (which occurred frequently) was 

also counted for the analysis of major amputations. 

We calculated direct age-sex-standardized AR for the 

entire population and age-standardized AR for sex-specific 

analysis using age strata 0–39, 40–49, 50–59, 60–69, 70–79, 

80+ years, and the German population in 2010 as standard 

population. We estimated AR in the total population (ARt), 

among individuals with diabetes in the population with diabe-

tes (ARd), and in subjects without diabetes in the population 
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without diabetes (ARn). We calculated amputation rate ratios 

(RR) by dividing the standardized AR of the populations with 

and without diabetes. Furthermore, we computed attribut-

able risk among the population with diabetes (ARE) and 

population attributable risk due to diabetes (PAR) along with 

95% CI in order to describe what proportion of amputations 

could theoretically be avoided if the exposure (ie, diabetes) 

was omitted.19

To test for time trend, we fitted Poisson regression models, 

since our outcome variable AR is a counting variable per PY, 

using year of amputation (difference from 2008) to estimate 

the effect of calendar time. All models were adjusted for over-

dispersion, with Pearson scale as correction factor for the total 

population. The choice of this regression model was justified 

by the application of goodness-of-fit tests, which showed the 

best fit for this approach.20 We further adjusted all models for 

age, sex, and diabetes status as independent variables. Besides 

this, we stratified all models by diabetes status and sex. In 

addition, we performed models including interaction between 

diabetes and year of amputation, age, and sex.

Data were evaluated using the Statistical Analysis System 

SAS (SAS for Windows 7, Release 9.4 TS1M1; SAS Institute 

Inc., Cary, NC, USA).

Results
Study population
The description of all insured individuals is shown in Table 1. 

In the period 2008–2012, ~34 million people received SHI 

continuously from three insurers (2008: 32,916,390 PY, 2012: 

34,136,653 PY). Approximately 11% (2008: 10.6%, 2012: 

11.9%) of all insured individuals were classified as patients 

with diabetes with similar numbers among both sexes, with 

a proportion of insured men of about 46% (2008: 45.4%, 

2012: 46.1%).

In total, 108,208 individuals (66,721 men, 41,487 women) 

underwent at least one amputation between 2008 and 2012, 

of whom 77,929 (50,298 men, 27,631 women) underwent at 

least one minor amputation and 45,414 (26,583 men, 18,831 

women) at least one major amputation. The minor-to-major 

ratio increased from 1.64 in 2008 to 2.13 in 2012 with con-

siderably higher ratios among the men. 

Mean age at the time of first any amputation (N=108,208) 

between 2008 and 2012 was 72.6 years (SD 12.8), with 

women being considerably older (77.2 years, SD 12.6) than 

men (69.7 years, SD 12.1). The age at amputation remained 

nearly stable among both sexes. About two thirds (N=72,782) 

of all persons with amputation had diabetes (men: 68.9%, 

women: 64.6%). This proportion remained nearly stable 

between 2008 and 2012. Among people with diabetes and 

amputation, insulin therapy was recorded by 40%, oral ther-

apy by 23.0%, and a combination of insulin and oral treatment 

therapy by 15.9%. Accordingly, 21.5% of these patients had 

no prescription of any antihyperglycemic medication. This 

distribution was similar in men and women.

AR, relative and attributable risk
Age- and age-sex-standardized AR as well as RR, ARE, and 

PAR for each calendar year are shown in Table 2 and Figure 1. 

We observed a consistent reduction in the AR among the popu-

lation with diabetes over time: 258.6 (95% CI 249.4–267.7) 

per 100,000 PY in 2008, and 216.2 (208.4–224.1) in 2012. 

In contrast, the AR in the population without diabetes slightly 

decreased: 27.9 (27.3–28.5) per 100,000 PY to 26.6 (26.0–

27.2). Thus, the RR decreased considerably from 9.3 (8.9–9.7) 

in 2008 to 8.1 (7.8–8.5) in 2012. Likewise, the ARE decreased 

from 89.2% (88.8%–89.7%) to 87.7% (87.2%–88.2%), 

whereas the PAR remained nearly stable at 58%. 

The age-standardized AR was two- to threefold higher 

among men compared with women, which was true for indi-

viduals with and without diabetes. With regard to time trend, 

RR, ARE, and PAR, we observed similar results in both sexes.

The age-sex-standardized major AR decreased strongly in 

the diabetic population, with a major AR of 81.2 (77.5–84.9) 

per 100,000 PY in 2008 and 58.4 (55.0–61.7) in 2012. This 

was also evident in the nondiabetic population, decreas-

ing from 14.3 (13.9–14.8) in 2008 to 11.6 (11.2–12.0) per 

100,000 PY in 2012. The RR decreased from 5.7 (5.4–6.0) 

in 2008 to 5.1 (4.7–5.4) in 2012. A similar pattern was 

observed for both attributable risks, decreasing from 82% to 

80% among the population with diabetes and 48% to 46% 

among the total population.

We observed more than double the age-standardized 

major AR in men compared with women in both diabetic 

and nondiabetic populations, with similar results regarding 

time trends. The decrease in RR, ARE, and PAR was only 

prominent among women.

The age-sex-standardized minor AR between 2008 and 

2012 in the population with diabetes decreased consider-

ably from 206.1 (197.3–214.8) per 100,000 PY to 177.0 

(169.7–184.4), while among the population without diabe-

tes the minor AR increased from 15.8 (15.3–16.3) to 17.0 

(16.5–17.5) per 100,000 PY. Hence, we observed a strong 

reduction in the RR from 13.1 (12.4–13.8) in 2008 to 10.4 

(9.9–11.0) in 2012. Likewise, we detected a moderate reduc-

tion in ARE (92% to 90%) and PAR (66% to 64%) for the 

period between 2008 and 2012.
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The age-standardized minor AR was about threefold 

higher in men compared with women, with nearly identi-

cal results regarding time trends, RR and ARE. Only PAR 

was significantly higher among men compared with women 

(Table 2).

Analysis of time trend and other 
covariates
The results of the fully adjusted Poisson models for the 

investigation of time trends are presented in Table 3. We 

observed a significant reduction in any AR of 4% per year 

in the population with diabetes, which was stronger among 

women compared with men: RR per calendar year was 6% 

and 3%, respectively. In contrast, among the population 

without diabetes, this rate remained nearly constant with-

out gender differences (Figure 1A). In the Poisson model, 

which additionally included interaction terms with diabetes, 

we observed a significant reduction of 3% per year in RR 

between the populations with and without diabetes (RR 

per calendar year 0.97; 95% CI 0.95–0.99) without gender 

differences. With regard to the whole study period, the RR 

between the populations with and without diabetes strongly 

Table 1 Description of all statutory health insurants with amputationa and the background population in Germany, 2008–2012

Characteristics Total Men Women Diabetes No diabetes Men Women

Diabetes No diabetes Diabetes No diabetes

Year of amputation: 2008    
Number of amputations (%) 25,183 (100.0) 15,522 (61.6) 9,661 (38.4) 17,284 (68.6) 7,899 (31.4) 10,890 (70.2) 4,632 (29.8) 6,394 (66.2) 3,267 (33.8)
Person years (%) 32,916,390 (100.0) 14,938,723 (45.4) 17,977,667 (54.6) 3,489,865 (10.6) 29,426,525 (89.4) 1,570,129 (10.5) 13,368,594 (89.5) 1,919,736 (10.7) 16,057,931 (89.3)
Mean ageb (years, SD) 72.2 (12.7) 69.2 (11.8) 77.1 (12.4) 72.4 (10.9) 71.8 (15.7) 69.7 (10.2) 67.9 (14.9) 76.9 (10.7) 77.4 (15.2)
Number of amputations by type    
     Major amputation (%) 10,599 (100.0) 6,080 (57.4) 4,519 (42.6) 6,511 (61.4) 4,088 (38.6) 3,787 (62.3) 2,293 (37.7) 2,724 (60.3) 1,795 (39.7)
     Minor amputation (%) 17,412 (100.0) 11,336 (65.1) 6,076 (34.9) 12,982 (74.6) 4,430 (25.4) 8,573 (75.6) 2,763 (24.4) 4,409 (72.6) 1,667 (27.4)
     Minor to major ratio 1.64  1.86  1.34  1.99  1.08  2.26   1.20  1.62  0.93
Year of amputation: 2009    
Number of amputations (%) 25,579 (100.0) 15,979 (62.5) 9,600 (37.5) 17,830 (69.7) 7,749 (30.3) 11,420 (71.5) 4,559 (28.5) 6,410 (66.8) 3,190 (33.2)
Person years 33,337,798 (100.0) 15,215,121 (45.6) 18,122,677 (54.4) 3,645,728 (10.9) 29,692,070 (89.1) 1,650,261 (10.8) 13,564,859 (89.2) 1,995,467 (11.0) 16,127,210 (89.0)
Mean ageb (years, SD) 72.3 (12.6) 69.5 (11.9) 77 (12.3) 72.6 (10.8) 71.8 (15.8) 70.2 (10.2) 67.9,(15.2) 76.8 (10.7) 77.3 (15.1)
Number of amputations by type    
     Major amputation (%) 10,383 (100.0) 6,100 (58.7) 4,283 (41.3) 6,497 (62.6) 3,886 (37.4) 3,880 (63.6) 2,220 (36.4) 2,617 (61.1) 1,666 (38.9)
     Minor amputation (%) 17,909 (100.0) 11,691 (65.3) 6,218 (34.7) 13,476 (75.2) 4,433 (24.8) 8,983 (76.8) 2,708 (23.2) 4,493 (72.3) 1,725 (27.7)
     Minor to major ratio  1.72  1.92  1.45  2.07  1.14  2.32  1.22  1.72  1.04
Year of amputation: 2010    
Number of amputations (%) 25,402 (100.0) 16,070 (63.3) 9,332 (36.7) 17,677 (69.6) 7,725 (30.4) 11,411 (71.0) 4,659 (29.0) 6,266 (67.1) 3,066 (32.9)
Person years 34,129,450 (100.0) 15,674,261 (45.9) 18,455,190 (54.1) 3,802,807 (11.1) 30,326,644 (88.9) 1,732,025 (11.1) 13,942,236 (88.9) 2,070,781 (11.2) 16,384,408 (88.8)
Mean ageb (years, SD) 72.3 (12.6) 69.6 (11.7) 77 (12.6) 72.7 (11.0) 71.4 (15.5) 70.3 (10.3) 68.0 (14.4) 77.1 (10.8) 76.6 (15.6)
Number of amputations by type    
     Major amputation (%) 9,533 (100.0) 5,612 (58.9) 3,921 (41.1) 5,924 (62.1) 3,609 (37.9) 3,512 (62.6) 2,100 (37.4) 2,412 (61.5) 1,509 (38.5)
     Minor amputation (%) 18,293 (100.0) 12,100 (66.1) 6,193 (33.9) 13,659 (74.7) 4,634 (25.3) 9,196 (76.0) 2,904 (24.0) 4,463 (72.1) 1,730 (27.9)
     Minor to major ratio  1.92  2.16  1.58  2.31  1.28  2.62  1.38  1.85  1.15
Year of amputation: 2011    
Number of amputations (%) 25,383 (100.0) 16,238 (64.0) 9,145 (36.0) 17,695 (69.7) 7,688 (30.3) 11,653 (71.8) 4,585 (28.2) 6,042 (66.1) 3,103 (33.9)
Person years 34,893,178 (100.0) 16,104,953 (46.2) 18,788,226 (53.8) 3,959,719 (11.3) 30,933,459 (88.7) 1,809,848 (11.2) 14,295,105 (88.8) 2,149,871 (11.4) 16,638,355 (88.6)
Mean ageb (years, SD) 72.4 (12.6) 69.9 (11.8) 76.8 (12.7) 72.8 (10.9) 71.4 (15.8) 70.6 (10.3) 68 (14.9) 77.1 (10.8) 76.4 (15.8)
Number of amputations by type    
     Major amputation (%) 9,089 (100.0) 5,438 (59.8) 3,651 (40.2) 5,617 (61.8) 3,472 (38.2) 3,436 (63.2) 2,002 (36.8) 2,181 (59.7) 1,470 (40.3)
     Minor amputation (%) 18,663 (100.0) 12,436 (66.6) 6,227 (33.4) 13,907 (74.5) 4,756 (25.5) 9,484 (76.3) 2,952 (23.7) 4,423 (71.0) 1,804 (29.0)
     Minor to major ratio  2.05  2.29  1.71  2.48  1.37  2.76  1.47  2.03  1.23
Year of amputation: 2012    
Number of amputations (%) 24,897 (100.0) 15,949 (64.1) 8,948 (35.9) 17,272 (69.4) 7,625 (30.6) 11,396 (71.5) 4,553 (28.5) 5,876 (65.7) 3,072 (34.3)
Person years 34,136,653 (100.0) 15,745,326 (46.1) 18,391,328 (53.9) 4,047,497 (11.9) 30,089,156 (88.1) 1,854,163 (11.8) 13,891,162 (88.2) 2,193,334 (11.9) 16,197,994 (88.1)
Mean ageb (years, SD) 72.7 (12.6) 70.3 (11.9) 77 (12.7) 73.1 (11.0) 71.7 (15.6) 71.1 (10.4) 68.2 (14.9) 77.1 (11.1) 76.8 (15.3)
Number of amputations by type    
     Major amputation (%) 8,699 (100.0) 5,243 (60.3) 3,456 (39.7) 5,368 (61.7) 3,331 (38.3) 3,343 (63.8) 1,900 (36.2) 2,025 (58.6) 1,431 (41.4)
     Minor amputation (%) 18,512 (100.0) 12,267 (66.3) 6,245 (33.7) 13,665 (73.8) 4,847 (26.2) 9,258 (75.5) 3,009 (24.5) 4,407 (70.6) 1,838 (29.4)
     Minor to major ratio  2.13  2.34  1.81  2.55  1.46  2.77  1.58  2.18  1.28

Notes: aOnly first amputation per year counted. bAge at time of first amputation.
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decreased with increasing age (RR 80+ years vs 0–39 years: 

0.11; 95% CI 0.08–0.13), with comparable results in both 

sexes (data not shown).

When repeating this analysis for major amputation, we 

observed a substantially stronger significant reduction in the 

major AR of 9% per year in the population with diabetes with 

a somewhat stronger decline among women compared with 

men (11% and 8%, respectively). Likewise, we observed a 

significant, albeit weaker, reduction in this rate of 6% per 

year among the population without diabetes, with comparable 

results in both sexes (Figure 1B). In the model including 

interaction terms, we observed a significant reduction of 4% 

per year in RR comparing the populations with and without 

diabetes (RR per calendar year 0.96; 95% CI 0.94–0.98), 

which was comparable in both sexes (data not shown). 

Regarding the minor AR among people with diabetes, 

we observed a significantly reduced time trend – by 3% per 

year with quite similar results in both sexes. In contrast, there 

was a moderate but significant increase in this rate (2% per 

year) in the population without diabetes, with similar results 

across sexes (Figure 1C). Again, we observed a significant 

reduction of 5% per year in the RR between the populations 

Table 1 Description of all statutory health insurants with amputationa and the background population in Germany, 2008–2012

Characteristics Total Men Women Diabetes No diabetes Men Women

Diabetes No diabetes Diabetes No diabetes

Year of amputation: 2008    
Number of amputations (%) 25,183 (100.0) 15,522 (61.6) 9,661 (38.4) 17,284 (68.6) 7,899 (31.4) 10,890 (70.2) 4,632 (29.8) 6,394 (66.2) 3,267 (33.8)
Person years (%) 32,916,390 (100.0) 14,938,723 (45.4) 17,977,667 (54.6) 3,489,865 (10.6) 29,426,525 (89.4) 1,570,129 (10.5) 13,368,594 (89.5) 1,919,736 (10.7) 16,057,931 (89.3)
Mean ageb (years, SD) 72.2 (12.7) 69.2 (11.8) 77.1 (12.4) 72.4 (10.9) 71.8 (15.7) 69.7 (10.2) 67.9 (14.9) 76.9 (10.7) 77.4 (15.2)
Number of amputations by type    
     Major amputation (%) 10,599 (100.0) 6,080 (57.4) 4,519 (42.6) 6,511 (61.4) 4,088 (38.6) 3,787 (62.3) 2,293 (37.7) 2,724 (60.3) 1,795 (39.7)
     Minor amputation (%) 17,412 (100.0) 11,336 (65.1) 6,076 (34.9) 12,982 (74.6) 4,430 (25.4) 8,573 (75.6) 2,763 (24.4) 4,409 (72.6) 1,667 (27.4)
     Minor to major ratio 1.64  1.86  1.34  1.99  1.08  2.26   1.20  1.62  0.93
Year of amputation: 2009    
Number of amputations (%) 25,579 (100.0) 15,979 (62.5) 9,600 (37.5) 17,830 (69.7) 7,749 (30.3) 11,420 (71.5) 4,559 (28.5) 6,410 (66.8) 3,190 (33.2)
Person years 33,337,798 (100.0) 15,215,121 (45.6) 18,122,677 (54.4) 3,645,728 (10.9) 29,692,070 (89.1) 1,650,261 (10.8) 13,564,859 (89.2) 1,995,467 (11.0) 16,127,210 (89.0)
Mean ageb (years, SD) 72.3 (12.6) 69.5 (11.9) 77 (12.3) 72.6 (10.8) 71.8 (15.8) 70.2 (10.2) 67.9,(15.2) 76.8 (10.7) 77.3 (15.1)
Number of amputations by type    
     Major amputation (%) 10,383 (100.0) 6,100 (58.7) 4,283 (41.3) 6,497 (62.6) 3,886 (37.4) 3,880 (63.6) 2,220 (36.4) 2,617 (61.1) 1,666 (38.9)
     Minor amputation (%) 17,909 (100.0) 11,691 (65.3) 6,218 (34.7) 13,476 (75.2) 4,433 (24.8) 8,983 (76.8) 2,708 (23.2) 4,493 (72.3) 1,725 (27.7)
     Minor to major ratio  1.72  1.92  1.45  2.07  1.14  2.32  1.22  1.72  1.04
Year of amputation: 2010    
Number of amputations (%) 25,402 (100.0) 16,070 (63.3) 9,332 (36.7) 17,677 (69.6) 7,725 (30.4) 11,411 (71.0) 4,659 (29.0) 6,266 (67.1) 3,066 (32.9)
Person years 34,129,450 (100.0) 15,674,261 (45.9) 18,455,190 (54.1) 3,802,807 (11.1) 30,326,644 (88.9) 1,732,025 (11.1) 13,942,236 (88.9) 2,070,781 (11.2) 16,384,408 (88.8)
Mean ageb (years, SD) 72.3 (12.6) 69.6 (11.7) 77 (12.6) 72.7 (11.0) 71.4 (15.5) 70.3 (10.3) 68.0 (14.4) 77.1 (10.8) 76.6 (15.6)
Number of amputations by type    
     Major amputation (%) 9,533 (100.0) 5,612 (58.9) 3,921 (41.1) 5,924 (62.1) 3,609 (37.9) 3,512 (62.6) 2,100 (37.4) 2,412 (61.5) 1,509 (38.5)
     Minor amputation (%) 18,293 (100.0) 12,100 (66.1) 6,193 (33.9) 13,659 (74.7) 4,634 (25.3) 9,196 (76.0) 2,904 (24.0) 4,463 (72.1) 1,730 (27.9)
     Minor to major ratio  1.92  2.16  1.58  2.31  1.28  2.62  1.38  1.85  1.15
Year of amputation: 2011    
Number of amputations (%) 25,383 (100.0) 16,238 (64.0) 9,145 (36.0) 17,695 (69.7) 7,688 (30.3) 11,653 (71.8) 4,585 (28.2) 6,042 (66.1) 3,103 (33.9)
Person years 34,893,178 (100.0) 16,104,953 (46.2) 18,788,226 (53.8) 3,959,719 (11.3) 30,933,459 (88.7) 1,809,848 (11.2) 14,295,105 (88.8) 2,149,871 (11.4) 16,638,355 (88.6)
Mean ageb (years, SD) 72.4 (12.6) 69.9 (11.8) 76.8 (12.7) 72.8 (10.9) 71.4 (15.8) 70.6 (10.3) 68 (14.9) 77.1 (10.8) 76.4 (15.8)
Number of amputations by type    
     Major amputation (%) 9,089 (100.0) 5,438 (59.8) 3,651 (40.2) 5,617 (61.8) 3,472 (38.2) 3,436 (63.2) 2,002 (36.8) 2,181 (59.7) 1,470 (40.3)
     Minor amputation (%) 18,663 (100.0) 12,436 (66.6) 6,227 (33.4) 13,907 (74.5) 4,756 (25.5) 9,484 (76.3) 2,952 (23.7) 4,423 (71.0) 1,804 (29.0)
     Minor to major ratio  2.05  2.29  1.71  2.48  1.37  2.76  1.47  2.03  1.23
Year of amputation: 2012    
Number of amputations (%) 24,897 (100.0) 15,949 (64.1) 8,948 (35.9) 17,272 (69.4) 7,625 (30.6) 11,396 (71.5) 4,553 (28.5) 5,876 (65.7) 3,072 (34.3)
Person years 34,136,653 (100.0) 15,745,326 (46.1) 18,391,328 (53.9) 4,047,497 (11.9) 30,089,156 (88.1) 1,854,163 (11.8) 13,891,162 (88.2) 2,193,334 (11.9) 16,197,994 (88.1)
Mean ageb (years, SD) 72.7 (12.6) 70.3 (11.9) 77 (12.7) 73.1 (11.0) 71.7 (15.6) 71.1 (10.4) 68.2 (14.9) 77.1 (11.1) 76.8 (15.3)
Number of amputations by type    
     Major amputation (%) 8,699 (100.0) 5,243 (60.3) 3,456 (39.7) 5,368 (61.7) 3,331 (38.3) 3,343 (63.8) 1,900 (36.2) 2,025 (58.6) 1,431 (41.4)
     Minor amputation (%) 18,512 (100.0) 12,267 (66.3) 6,245 (33.7) 13,665 (73.8) 4,847 (26.2) 9,258 (75.5) 3,009 (24.5) 4,407 (70.6) 1,838 (29.4)
     Minor to major ratio  2.13  2.34  1.81  2.55  1.46  2.77  1.58  2.18  1.28

Notes: aOnly first amputation per year counted. bAge at time of first amputation.
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Calendar year Amputation ratea 

(95% CI) per 100,000 person years
Relative and attributable risk  
(95% CI)

ARt ARd ARn RR ARE PAR

Any amputation
Total population
Calendar year

2008 66.9
(66.0–67.7)

258.6
(249.4–267.7)

27.9
(27.3–28.5)

9.3
(8.9–9.7)

0.89
(0.89–0.90)

0.58
(0.58–0.59)

2009 67.0
(66.2–67.8)

252.6
(243.6–261.5)

27.3
(26.7–27.9)

9.2
(8.9–9.6)

0.89
(0.89–0.90)

0.59
(0.58–0.6)

2010 65.2
(64.4–66)

235.7
(227.9–243.6)

27.0
(26.4–27.6)

8.7
(8.4–9.1)

0.89
(0.88–0.89)

0.59
(0.58–0.59)

2011 63.9
(63.1–64.7)

224.3
(216.7–231.9)

26.6
(26–27.2)

8.5
(8.1–8.8)

0.88
(0.88–0.89)

0.58
(0.58–0.59)

2012 62.5
(61.7–63.3)

216.2
(208.4–224.1)

26.6
(26–27.2)

8.1
(7.8–8.5)

0.88
(0.87–0.88)

0.57
(0.57–0.58)

Men
Calendar year

2008 101.7
(100.0–103.3)

379.4
(363.6–395.2)

41.2
(40.0–42.5)

9.2
(8.7–9.7)

0.89
(0.89–0.90)

0.59
(0.58–0.6)

2009 102.9
(101.3–104.5)

371.9
(356.8–387.1)

40.4
(39.2–41.6)

9.2
(8.8–9.7)

0.89
(0.89–0.90)

0.61
(0.60–0.62)

2010 100.8
(99.2–102.3)

348.0
(334.8–361.2)

40.5
(39.3–41.6)

8.6
(8.2–9.0)

0.88
(0.88–0.89)

0.60
(0.59–0.61)

2011 99.5
(97.9–101.0)

337.8
(324.6–351.0)

39.4
(38.2–40.6)

8.6
(8.2–9.0)

0.88
(0.88–0.89)

0.60
(0.59–0.61)

2012 97.4
(95.9–98.9)

323.2
(309.5–337.0)

39.4
(38.2–40.6)

8.2
(7.8–8.6)

0.88
(0.87–0.88)

0.60
(0.59–0.61)

Women
Calendar year

2008 37.5
(36.8–38.3)

149.3
(140.3–158.3)

16.7
(16.2–17.3)

8.9
(8.3–9.6)

0.89
(0.88–0.90)

0.55
(0.54–0.57)

2009 37.1
(36.3–37.8)

146.1
(136.7–155.4)

16.4
(15.9–17.0)

8.9
(8.3–9.6)

0.89
(0.88–0.90)

0.56
(0.54–0.57)

2010 35.6
(34.8–36.3)

135.3
(126.7–143.8)

15.8
(15.2–16.4)

8.6
(8.0–9.2)

0.88
(0.87–0.89)

0.56
(0.54–0.57)

2011 34.5
(33.8–35.2)

123.1
(115.6–130.6)

16.0
(15.4–16.6)

7.7
(7.2–8.3)

0.87
(0.86–0.88)

0.54
(0.52–0.55)

2012 33.9
(33.2–34.6)

121.6
(114.2–129.0)

16.0
(15.4–16.6)

7.6
(7.1–8.2)

0.87
(0.86–0.88)

0.53
(0.51–0.54)

Major amputation 
Total population
Calendar year

2008 27.6
(27.1–28.1)

81.2
(77.5–84.9)

14.3
(13.9–14.8)

5.7
(5.4–6.0)

0.82
(0.81–0.83)

0.48
(0.47–0.49)

2009 26.7
(26.2–27.2)

82.1
(77.5–86.6)

13.7
(13.2–14.1)

6.0
(5.6–6.4)

0.83
(0.82–0.84)

0.49
(0.48–0.50)

2010 24.0
(23.6–24.5)

68.6
(65.2–72.0)

12.6
(12.2–13.0)

5.5
(5.1–5.8)

0.82
(0.81–0.83)

0.48
(0.46–0.49)

2011 22.5
(22.0–23.0)

62.0
(59.0–65.1)

12.0
(11.6–12.4)

5.2
(4.9–5.5)

0.81
(0.80–0.82)

0.47
(0.45–0.48)

2012 21.5
(21.1–22.0)

58.4
(55.0–61.7)

11.6
(11.2–12)

5.1
(4.7–5.4)

0.80
(0.79–0.82)

0.46
(0.45–0.48)

Men
Calendar year

2008 39.9
(38.9–41.0)

111.8
(105.7–117.8)

20.4
(19.6–21.3)

5.5
(5.1–5.9)

0.82
(0.81–0.83)

0.49
(0.47–0.51)

Table 2 Amputation rate among people with and without diabetes in Germany, 2008–2012

(Continued)
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LEAs in people with and without diabetes in Germany, 2008–2012

Calendar year Amputation ratea 

(95% CI) per 100,000 person years
Relative and attributable risk  
(95% CI)

ARt ARd ARn RR ARE PAR
2009 39.5

(38.5–40.5)
114.7
(107.3–122.1)

19.7
(18.9–20.5)

5.8
(5.4–6.3)

0.83
(0.82–0.84)

0.50
(0.48–0.52)

2010 35.3
(34.3–36.2)

96.8
(91.3–102.3)

18.3
(17.5–19.0)

5.3
(4.9–5.7)

0.81
(0.8–0.82)

0.48
(0.47–0.50)

2011 33.4
(32.5–34.3)

88.2
(83.6–92.7)

17.3
(16.5–18.0)

5.1
(4.8–5.5)

0.80
(0.79–0.82)

0.48
(0.46–0.50)

2012 32.0
(31.1–32.9)

84.6
(79.0–90.2)

16.4
(15.6–17.1)

5.2
(4.8–5.6)

0.81
(0.79–0.82)

0.49
(0.47–0.51)

Women
Calendar year

2008 17.0
(16.5–17.6)

54.4
(50.1–58.7)

9.1
(8.7–9.5)

6.0
(5.5–6.6)

0.83
(0.82–0.85)

0.47
(0.45–0.49)

2009 16.1
(15.6–16.6)

53.9
(48.4–59.3)

8.5
(8.1–8.9)

6.3
(5.7–7.1)

0.84
(0.82–0.86)

0.47
(0.45–0.49)

2010 14.5
(14.0–15.0)

43.7
(39.6–47.8)

7.7
(7.3–8.1)

5.7
(5.1–6.3)

0.83
(0.81–0.84)

0.47
(0.45–0.49)

2011 13.4
(13.0–13.9)

39.2
(35.0–43.3)

7.5
(7.2–7.9)

5.2
(4.6–5.8)

0.81
(0.78–0.83)

0.44
(0.42–0.46)

2012 12.8
(12.4–13.2)

35.5
(31.8–39.1)

7.4
(7.0–7.8)

4.8
(4.3–5.4)

0.79
(0.77–0.81)

0.42
(0.40–0.44)

Minor amputation
Total population
Calendar year

2008 46.8
(46.1–47.5)

206.1
(197.3–214.8)

15.8
(15.3–16.3)

13.1
(12.4–13.8)

0.92
(0.92–0.93)

0.66
(0.65–0.67)

2009 47.3
(46.6–48.0)

198.9
(190.7–207.2)

15.7
(15.2–16.2)

12.7
(12.0–13.3)

0.92
(0.92–0.93)

0.67
(0.66–0.68)

2010 47.4
(46.7–48.1)

189.5
(182.1–196.9)

16.3
(15.8–16.7)

11.7
(11.1–12.2)

0.91
(0.91–0.92)

0.66
(0.65–0.67)

2011 47.3
(46.6–48.0)

181.7
(174.6–188.9)

16.5
(16.0–17.0)

11.0
(10.5–11.6)

0.91
(0.91–0.91)

0.65
(0.64–0.66)

2012 46.7
(46.0–47.4)

177.0
(169.7–184.4)

17.0
(16.5–17.5)

10.4
(9.9–11.0)

0.90
(0.90–0.91)

0.64
(0.63–0.65)

Men
Calendar year

2008 74.0
(72.7–75.4)

312.0
(296.7–327.3)

24.6
(23.7–25.6)

12.7
(11.9–13.5)

0.92
(0.92–0.93)

0.67
(0.66–0.68)

2009 75.0
(73.7–76.4)

300.0
(285.8–314.2)

24.0
(23.1–24.9)

12.5
(11.8–13.3)

0.92
(0.92–0.93)

0.68
(0.67–0.69)

2010 75.7
(74.4–77.1)

287.1
(274.5–299.8)

25.3
(24.3–26.2)

11.4
(10.7–12.0)

0.91
(0.91–0.92)

0.67
(0.66–0.68)

2011 76.0
(74.7–77.4)

279.5
(267.0–292.1)

25.4
(24.4–26.3)

11.0
(10.4–11.7)

0.91
(0.90–0.91)

0.67
(0.66–0.68)

2012 74.9
(73.5–76.2)

267.9
(254.9–280.8)

26.1
(25.2–27.0)

10.3
(9.7–10.9)

0.90
(0.90–0.91)

0.65
(0.64–0.66)

Women
Calendar year

2008
 

24.1
(23.5–24.7)

110.0
(101.8–118.3)

8.7
(8.2–9.1)

12.7
(11.6–13.9)

0.92
(0.91–0.93)

0.64
(0.63–0.66)

2009
 

24.5
(23.8–25.1)

108.4
(100.2–116.6)

9.0
(8.6–9.4)

12.1
(11.0–13.2)

0.92
(0.91–0.92)

0.63
(0.62–0.65)

2010
 

24.0
(23.4–24.6)

102.2
(94.4–109.9)

9.0
(8.6–9.4)

11.3
(10.4–12.4)

0.91
(0.90–0.92)

0.62
(0.61–0.64)

Table 2 (Continued)

(Continued)
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with and without diabetes (RR per calendar year 0.95; 95% 

CI 0.94–0.97) when estimated using interaction terms with 

similar results across sexes. 

Discussion
This nationwide study covering >40% of the German popu-

lation presents the ARs and RRs of LEA in the populations 

with and without diabetes between 2008 and 2012. The ARs 

were considerably higher among the population with dia-

betes compared with the population without diabetes, with 

particularly high RRs for minor amputation. The major ARs 

markedly decreased in both populations. In contrast, minor 

ARs decreased only in the population with diabetes, and 

even slightly increased in the population without diabetes. 

RRs between the populations with and without diabetes 

decreased significantly during the study period for both major 

and minor LEA. ARs increased strongly with age and were 

two- to threefold higher in men than in women.

Methodological discrepancies in the study design make 

any comparison between studies extremely difficult.21 Some 

studies analyzed any LEA,14,22,23 while another reported the 

incidence of LEA stratified by anatomical level.4,11,13 More-

over, studies that counted only one LEA per person3,4,14,17 

cannot be compared with studies that counted several LEAs 

per person.11,12 Therefore, some important criteria regarding 

the interpretation of the study results should be taken into 

account: anatomic definition of LEA (major/minor LEA); 

cause of LEA (if traumatic and/or cancer-related, LEA 

were included or excluded); recording of LEA (one or more 

LEAs per person were analyzed); and characteristics of the 

study population and population at risk. In epidemiological 

studies, often the incidence rate of the first amputation is 

counted (first lifetime amputation or first amputation during 

the study period or at least the first amputation of the year) 

to avoid bias when predictors or time trends are analyzed. 

Amputations in a person are not independent events; it is well 

known that the first amputation is a significant predictor of 

subsequent amputations.24 In this study, we counted the first 

amputation per person per calendar year, which means that 

a re-amputation occurring in a subsequent year would also 

be counted. For this reason, the AR is higher compared with 

studies that counted only first lifetime LEAs or first LEAs 

during the study period. Furthermore, we recorded all LEAs 

regardless of their cause. We were able to define the at-risk 

diabetic population completely, including people without 

anti-hyperglycemic medication, and took into account those 

with new-onset diabetes during the study period. 

We found a reduction of 4% per year in the AR in the 

population with diabetes, with a stronger decline among 

women. In the nondiabetic population, AR remained almost 

constant, without significant gender differences. The RR of 

any LEA between the populations with and without diabetes 

during the study period decreased substantially, reaching 8.1 

in 2012. The observed effect could be explained principally 

by the reduction in the absolute number of amputations and 

major AR among people with diabetes (see below).

Our results indicate a further reduction in the incidence 

of LEA among people with diabetes and in the relative 

LEA risk that were described previously in the LARS.2 

However, our findings regarding AR are somewhat higher 

compared with the 2005–2007 German study based on SHI 

data (Gmünder Ersatzkasse [GEK]).3 The main reason for 

this is that while we counted one LEA per calendar year, 

the earlier studies counted only one per person, which 

means that the figures are not comparable. Furthermore, 

GEK-insured individuals had lower prevalence of diabetes 

than those from AOK,25 which was the source of some two 

thirds of the study population. Moreover, the relatively 

lower number of insured  individuals (1.6 million members) 

and corresponding lower absolute number of LEAs in the 

previous studies should be taken into account by the com-

parison. Our results with respect to AR in the diabetic as 

well as the nondiabetic populations are higher compared 

with other European countries,4,14 possibly due to a differ-

Calendar year Amputation ratea 

(95% CI) per 100,000 person years
Relative and attributable risk  
(95% CI)

ARt ARd ARn RR ARE PAR
2011
 

23.8
(23.2–24.4)

94.7
(88.1–101.3)

9.3
(8.9–9.8)

10.2
(9.3–11.0)

0.90
(0.89–0.91)

0.61
(0.59–0.62)

2012
 

23.9
(23.3–24.5)

96.8
(90.0–103.6)

9.6
(9.2–10.1)

10.1
(9.3–11.0)

0.90
(0.89–0.91)

0.60
(0.58–0.61)

Note: aAge–sex (both sexes together) and age (men and women separate) standardized to the German population 2010.
Abbreviations: ARt, amputation rate in total population; ARd, amputation rate in individuals with diabetes in population with diabetes; ARn, amputation rate in individuals 
without diabetes in population without diabetes; RR, relative risk (ARd/ARn); ARE, attributable risk of diabetes among the population with diabetes; PAR, population 
attributable risk due to diabetes.

Table 2 (Continued)
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Figure 1 Time trend of age-sex-standardized amputation rate of (A) any amputation, (B) major amputation, and (C) minor amputation. 
Note: *95% CI were relatively narrow and not distinct in figures.
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ent definition of AR and some older populations with very 

low socioeconomic status in our study. However, the RRs 

from our study are somewhat lower in the international 

comparison with studies from Italy: RR for the entire study 

period 2001–2010 was 10.95 (95% CI 9.37–12.8)4 and from 

France: RR in 2003 was 11.8 (95% CI 11.0–12.6).14

Major amputations are performed in cases of excessive 

tissue loss or sepsis26 or if there are no further surgical or 

endovascular options for revascularization. They reduce the 

quality of life considerably and entail high mortality.27,28

In the present study, we observed a considerable reduction 

of 9% per year in major AR in the population with diabetes 

between 2008 and 2012, with an even greater reduction 

among women. This effect may be explained by improve-

ments in the organization of diabetes foot care (diabetes 

management programs, national guidelines for prevention 

and treatment strategies for foot complications, nationwide 

establishment of certified diabetic foot clinics, and constitu-

tion of regional networks29). In the nondiabetic population, 

major AR likewise decreased by 6% per year in both sexes. 

Also, increased numbers of surgical and endovascular revas-

cularizations may explain in part the positive time trend in 

the populations with and without diabetes.30,31 

The positive time trend toward a significant reduction in 

major AR among people with diabetes observed in our nation-

wide study is in line with other epidemiologic studies.2,4,17,32–34 

Likewise, the RRs of major LEA, comparing people with 

and without diabetes, are comparable with the results from 

an earlier German study3 and were lower compared with data 

from Italy (RR 6.36; 95% CI 5.6–7.23)4 and Finland (RR 7.4; 

95% CI 7.2–7.7).17 Furthermore, we observed a significant 

reduction in RRs during the study period, which was also 

found in the studies by Trautner et al2 and Ikonen et al,17 but 

not in the study by Lombardo et al.4

Table 3 Relative risk (RR) of lower-extremity amputation in people with diabetes, compared with those without diabetes, adjusted  
for age, sex, and calendar year: results of the Poisson models

Independent 
variable

Total Total Total  Men Women

Men Women Diabetes No diabetes Diabetes No diabetes Diabetes No diabetes

RR RR RR RR RR RR RR RR RR

Any amputation
Yeara 0.96 (0.95–0.98)* 0.97 (0.96–0.98)* 0.96 (0.94–0.98)* 0.96 (0.95–0.96)* 0.986 (0.969–1.003) 0.97 (0.96–0.97)* 0.988 (0.971–1.005) 0.94 (0.93–0.95)* 0.99 (0.96–1.01)
Diabetes (yes vs no) 6.95 (6.69–7.23)* 7.67 (7.35–8.00)* 5.75 (5.43–6.09)* – – – – – –
Sex (men vs women) 2.50 (2.41–2.59)* – – 2.47 (2.41–2.53)* 2.47 (2.35–2.59) – – – –
Age (years)b        

≥80 57.89 (49.37–67.88)* 46.17 (39.03–54.62)* 68.54 (53.23–88.26)* 11.74 (9.71–14.18)* 107.49 (93.25–123.91)* 10.00 (8.42–11.88)* 85.92 (74.83–98.66)* 13.21 (10.19–17.13)* 116.81 (93.22–146.37)*
70–79 35.51 (30.31–41.61) 36.37 (30.82–42.92)* 32.82 (25.45–42.32)* 8.58 (7.10–10.36)* 42.83 (37.11–49.43)* 8.95 (7.54–10.63)* 48.17 (42.07–55.15)* 7.87 (6.07–10.21)* 33.91 (26.88–42.79)*
60–69 24.58 (20.95–28.85)* 27.27 (23.09–32.21)* 17.37 (13.38–22.53)* 6.39 (5.28–7.72)* 25.00 (21.58–28.96)* 7.05 (5.93–8.37)* 30.77 (26.82–35.31)* 4.73 (3.64–6.15)* 15.28 (11.95–19.54)*
50–59 15.31 (13.01–18.02)* 17.24 (14.57–20.40)* 10.42 (7.96–13.64)* 5.17 (4.27–6.27)* 11.67 (10.02–13.60)* 5.52 (4.64–6.57)* 14.34 (12.44–16.53)* 4.24 (3.25–5.54)* 6.83 (5.25–8.89)*
40–49 5.62 (4.69–6.74)* 6.17 (5.13–7.43)* 4.39 (3.24–5.96)* 3.18 (2.61–3.89) 3.84 (3.21–4.58)* 3.22 (2.69–3.85)* 4.30 (3.64–5.06)* 3.15 (2.37–4.18)* 2.96 (2.19–4.00)*

Major amputation 
Yeara 0.92 (0.91–0.93)* 0.93 (0.92–0.94)* 0.91 (0.89–0.93)* 0.91 (0.90–0.92)* 0.94 (0.92–0.96)* 0.92 (0.91–0.93)* 0.95 (0.93–0.96)* 0.89 (0.88–0.91)* 0.94 (0.92–0.97)*
Diabetes (yes vs no) 4.64 (4.45–4.83)* 4.94 (4.75–5.15)* 4.11 (3.86–4.38)* – – – – – –
Sex (men vs women) 2.21 (2.12–2.30)* – – 2.13 (2.06–2.20)* 2.28 (2.15–2.42)* – – – –
Age (years)b

≥80 110.04 (90.07–134.44)* 79.40 (65.98–95.55)* 146.77 (102.69–209.78)* 25.93 (17.78–37.81)* 161.35 (131.82–197.50)* 27.13 (17.81–41.32)* 109.78 (92.03–130.95)* 22.16 (13.87–35.39)* 221.28 (153.89–318.17)*
70–79 58.23 (47.68–71.13)* 57.74 (48.08–69.34)* 58.97 (41.18–84.44)* 16.40 (11.24–23.91)* 61.43 (50.11–75.31)* 22.12 (14.54–33.67)* 63.43 (53.35–75.43)* 11.17 (6.99–17.85)* 59.70 (41.24–86.43)*
60–69 37.55 (30.69–45.94)* 41.41 (34.45–49.78)* 27.31 (18.93–39.40)* 11.06 (7.58–16.14)* 37.67 (30.62–46.33)* 16.16 (10.61–24.6)* 43.57 (36.58–51.89)* 5.67 (3.53–9.09)* 26.68 (18.19–39.13)*
50–59 19.94 (16.23–24.50)* 22.06 (18.30–26.59)* 14.44 (9.89–21.08)* 8.05 (5.5–11.77)* 15.86 (12.80–19.66)* 11.16 (7.32–17.02)* 18.21 (15.20–21.81)* 4.79 (2.97–7.73)* 10.88 (7.27–16.30)*
40–49 6.58 (5.24–8.27)* 6.75 (5.49–8.30)* 6.15 (4.06–9.30)* 4.46 (3.01–6.61)* 5.03 (3.94–6.42)* 5.64 (3.66–8.69)* 5.08 (4.13–6.25)* 3.50 (2.11–5.81)* 4.94 (3.17–7.70)*

Minor amputation
Yeara 0.98 (0.97–0.99)* 0.984 (0.971–0.997)* 0.981 (0.963–0.999)* 0.97 (0.96–0.98)* 1.019 (1.001–1.037)* 0.98 (0.97–0.98)* 1.016 (0.996–1.037) 0.96 (0.95–0.98)* 1.025 (0.999–1.053)
Diabetes (yes vs no) 9.33 (8.96–9.71)* 10.14 (9.67–10.63)* 7.79 (7.34–8.28)* – – – – – –
Sex (men vs women) 2.74 (2.65–2.84)* – – 2.71 (2.65–2.77)* 2.73 (2.59–2.88)* – – – –
Age (years)b        

≥80 42.5 (36.40–49.62)* 37.27 (31.09–44.68)* 45.00 (35.52–57.00)* 9.46 (8.00–11.19)* 90.09 (78.49–103.40)* 8.19 (6.88–9.74)* 81.15 (69.51–94.73)* 10.85 (8.51–13.82)* 84.04 (68.29–103.41)*
70–79 28.89 (24.77–33.70)* 30.88 (25.83–36.92)* 24.57 (19.38–31.16)* 7.52 (6.36–8.89)* 37.58 (32.71–43.18)* 7.67 (6.45–9.12)* 44.68 (38.40–52.00)* 7.18 (5.63–9.15)* 26.01 (20.98–32.26)*
60–69 20.33 (17.41–23.74)* 23.13 (19.33–27.67)* 13.75 (10.78–17.53)* 5.68 (4.80–6.72)* 20.95 (18.15–24.19)* 6.06 (5.10–7.21)* 26.71 (22.87–31.19)* 4.51 (3.53–5.76)* 11.68 (9.27–14.71)*
50–59 13.66 (11.67–15.99)* 15.64 (13.05–18.76)* 9.08 (7.06–11.68)* 4.70 (3.96–5.56)* 10.52 (9.07–12.21)* 4.86 (4.08–5.78)* 13.37 (11.40–15.69)* 4.15 (3.23–5.32)* 5.69 (4.45–7.28)*
40–49 5.31 (4.46–6.32)* 5.99 (4.91–7.31)* 3.89 (2.92–5.18)* 2.93 (2.45–3.50)* 3.44 (2.89–4.10)* 2.89 (2.40–3.46)* 4.08 (3.39–4.91)* 3.10 (2.37–4.03)* 2.32 (1.73–3.11)*

Notes: aRelative risk per 1 year increment. bReference category: <40 years. *Statistically significant difference, p<0.05.
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Minor amputations are performed in order to remove 

necrotic tissues, prevent infections, create wounds that can 

heal under the conditions of modern wound management and 

offloading, and thus preserve as much of the foot as possible. 

They allow the person to ambulate with no need for prosthesis 

and do not affect health-related quality of life any more than 

conservative treatment.

In the present study, we found a reduction of 3% per year 

in minor AR among people with diabetes of both sexes, while 

among people without diabetes, the AR increased slightly – 

by 2% per year. Comparisons between our results and the 

findings from other studies were limited because only a few 

studies have analyzed minor AR considering one LEA per 

person, and, as mentioned above, study designs are hardly 

comparable.4,32,35 The Italian study by Lombardo et al4 showed 

an unchanged minor AR in the population with diabetes and 

a significant increase in minor LEA incidence in the popula-

tion without diabetes; whereas a Spanish study32 described 

a reduction in one minor LEA among people with diabetes. 

A study from Denmark showed a significant annual reduc-

tion of 9.8% in the population with diabetes and unchanged 

incidence rates in the population without diabetes during 

1996–2011.34

Gender differences in minor LEAs were markedly pro-

nounced: the risk among men for undergoing minor LEA 

was 2.7 times higher compared with women. This finding 

coincides with the results of other studies, which, however, 

were not able to fully elucidate the underlying reasons. Bio-

logic factors seem to contribute to gender differences,36,37 

while health care-related and behavioral factors do not.38,39

In the present study, we observed a reduction in the RRs 

for minor LEA between the populations with and without 

diabetes during the study period that was quite similar across 

both sexes. Compared with the RRs found in a study from 

Table 3 Relative risk (RR) of lower-extremity amputation in people with diabetes, compared with those without diabetes, adjusted  
for age, sex, and calendar year: results of the Poisson models

Independent 
variable

Total Total Total  Men Women

Men Women Diabetes No diabetes Diabetes No diabetes Diabetes No diabetes

RR RR RR RR RR RR RR RR RR

Any amputation
Yeara 0.96 (0.95–0.98)* 0.97 (0.96–0.98)* 0.96 (0.94–0.98)* 0.96 (0.95–0.96)* 0.986 (0.969–1.003) 0.97 (0.96–0.97)* 0.988 (0.971–1.005) 0.94 (0.93–0.95)* 0.99 (0.96–1.01)
Diabetes (yes vs no) 6.95 (6.69–7.23)* 7.67 (7.35–8.00)* 5.75 (5.43–6.09)* – – – – – –
Sex (men vs women) 2.50 (2.41–2.59)* – – 2.47 (2.41–2.53)* 2.47 (2.35–2.59) – – – –
Age (years)b        

≥80 57.89 (49.37–67.88)* 46.17 (39.03–54.62)* 68.54 (53.23–88.26)* 11.74 (9.71–14.18)* 107.49 (93.25–123.91)* 10.00 (8.42–11.88)* 85.92 (74.83–98.66)* 13.21 (10.19–17.13)* 116.81 (93.22–146.37)*
70–79 35.51 (30.31–41.61) 36.37 (30.82–42.92)* 32.82 (25.45–42.32)* 8.58 (7.10–10.36)* 42.83 (37.11–49.43)* 8.95 (7.54–10.63)* 48.17 (42.07–55.15)* 7.87 (6.07–10.21)* 33.91 (26.88–42.79)*
60–69 24.58 (20.95–28.85)* 27.27 (23.09–32.21)* 17.37 (13.38–22.53)* 6.39 (5.28–7.72)* 25.00 (21.58–28.96)* 7.05 (5.93–8.37)* 30.77 (26.82–35.31)* 4.73 (3.64–6.15)* 15.28 (11.95–19.54)*
50–59 15.31 (13.01–18.02)* 17.24 (14.57–20.40)* 10.42 (7.96–13.64)* 5.17 (4.27–6.27)* 11.67 (10.02–13.60)* 5.52 (4.64–6.57)* 14.34 (12.44–16.53)* 4.24 (3.25–5.54)* 6.83 (5.25–8.89)*
40–49 5.62 (4.69–6.74)* 6.17 (5.13–7.43)* 4.39 (3.24–5.96)* 3.18 (2.61–3.89) 3.84 (3.21–4.58)* 3.22 (2.69–3.85)* 4.30 (3.64–5.06)* 3.15 (2.37–4.18)* 2.96 (2.19–4.00)*

Major amputation 
Yeara 0.92 (0.91–0.93)* 0.93 (0.92–0.94)* 0.91 (0.89–0.93)* 0.91 (0.90–0.92)* 0.94 (0.92–0.96)* 0.92 (0.91–0.93)* 0.95 (0.93–0.96)* 0.89 (0.88–0.91)* 0.94 (0.92–0.97)*
Diabetes (yes vs no) 4.64 (4.45–4.83)* 4.94 (4.75–5.15)* 4.11 (3.86–4.38)* – – – – – –
Sex (men vs women) 2.21 (2.12–2.30)* – – 2.13 (2.06–2.20)* 2.28 (2.15–2.42)* – – – –
Age (years)b

≥80 110.04 (90.07–134.44)* 79.40 (65.98–95.55)* 146.77 (102.69–209.78)* 25.93 (17.78–37.81)* 161.35 (131.82–197.50)* 27.13 (17.81–41.32)* 109.78 (92.03–130.95)* 22.16 (13.87–35.39)* 221.28 (153.89–318.17)*
70–79 58.23 (47.68–71.13)* 57.74 (48.08–69.34)* 58.97 (41.18–84.44)* 16.40 (11.24–23.91)* 61.43 (50.11–75.31)* 22.12 (14.54–33.67)* 63.43 (53.35–75.43)* 11.17 (6.99–17.85)* 59.70 (41.24–86.43)*
60–69 37.55 (30.69–45.94)* 41.41 (34.45–49.78)* 27.31 (18.93–39.40)* 11.06 (7.58–16.14)* 37.67 (30.62–46.33)* 16.16 (10.61–24.6)* 43.57 (36.58–51.89)* 5.67 (3.53–9.09)* 26.68 (18.19–39.13)*
50–59 19.94 (16.23–24.50)* 22.06 (18.30–26.59)* 14.44 (9.89–21.08)* 8.05 (5.5–11.77)* 15.86 (12.80–19.66)* 11.16 (7.32–17.02)* 18.21 (15.20–21.81)* 4.79 (2.97–7.73)* 10.88 (7.27–16.30)*
40–49 6.58 (5.24–8.27)* 6.75 (5.49–8.30)* 6.15 (4.06–9.30)* 4.46 (3.01–6.61)* 5.03 (3.94–6.42)* 5.64 (3.66–8.69)* 5.08 (4.13–6.25)* 3.50 (2.11–5.81)* 4.94 (3.17–7.70)*

Minor amputation
Yeara 0.98 (0.97–0.99)* 0.984 (0.971–0.997)* 0.981 (0.963–0.999)* 0.97 (0.96–0.98)* 1.019 (1.001–1.037)* 0.98 (0.97–0.98)* 1.016 (0.996–1.037) 0.96 (0.95–0.98)* 1.025 (0.999–1.053)
Diabetes (yes vs no) 9.33 (8.96–9.71)* 10.14 (9.67–10.63)* 7.79 (7.34–8.28)* – – – – – –
Sex (men vs women) 2.74 (2.65–2.84)* – – 2.71 (2.65–2.77)* 2.73 (2.59–2.88)* – – – –
Age (years)b        

≥80 42.5 (36.40–49.62)* 37.27 (31.09–44.68)* 45.00 (35.52–57.00)* 9.46 (8.00–11.19)* 90.09 (78.49–103.40)* 8.19 (6.88–9.74)* 81.15 (69.51–94.73)* 10.85 (8.51–13.82)* 84.04 (68.29–103.41)*
70–79 28.89 (24.77–33.70)* 30.88 (25.83–36.92)* 24.57 (19.38–31.16)* 7.52 (6.36–8.89)* 37.58 (32.71–43.18)* 7.67 (6.45–9.12)* 44.68 (38.40–52.00)* 7.18 (5.63–9.15)* 26.01 (20.98–32.26)*
60–69 20.33 (17.41–23.74)* 23.13 (19.33–27.67)* 13.75 (10.78–17.53)* 5.68 (4.80–6.72)* 20.95 (18.15–24.19)* 6.06 (5.10–7.21)* 26.71 (22.87–31.19)* 4.51 (3.53–5.76)* 11.68 (9.27–14.71)*
50–59 13.66 (11.67–15.99)* 15.64 (13.05–18.76)* 9.08 (7.06–11.68)* 4.70 (3.96–5.56)* 10.52 (9.07–12.21)* 4.86 (4.08–5.78)* 13.37 (11.40–15.69)* 4.15 (3.23–5.32)* 5.69 (4.45–7.28)*
40–49 5.31 (4.46–6.32)* 5.99 (4.91–7.31)* 3.89 (2.92–5.18)* 2.93 (2.45–3.50)* 3.44 (2.89–4.10)* 2.89 (2.40–3.46)* 4.08 (3.39–4.91)* 3.10 (2.37–4.03)* 2.32 (1.73–3.11)*

Notes: aRelative risk per 1 year increment. bReference category: <40 years. *Statistically significant difference, p<0.05.
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Italy, the RRs calculated in the Poisson model from our 

study were lower (RR 9.33 (95% CI: 8.96–9.71) vs 19.37 

(16.49–22.7).4 Compared with RRs reported in a study from 

Denmark, those comparisons were different for men and 

women: the RR in our study was also lower for men (RR men 

10.14 (95% CI 9.67–10.63) vs 14.7 (10.5–20.4), but well in 

line among women: RR 7.79 (7.34–8.28) vs 7.5 (5.2–10.9).34

Some limitations of this study should be considered. First, 

the study population included only people with SHI, so the 

privately insured (11% of the German population40), which is 

somewhat younger and healthier than the SHI population,41 

could not be considered. Furthermore, persons insured by the 

included SHIs may differ from those of other companies.41 

Second, regarding selection of the person-time of all insured 

individuals, we used an algorithm that excluded individuals 

with gaps in SHI of more than 30 days in two consecutive 

quarters. A previous study demonstrated that people who 

change their insurance company are younger, better educated, 

and have a lower prevalence of diabetes and cardiovascular 

disease.42 As a consequence, our study population was some-

what older than the general German population, which was 

particularly true for women (proportion in 2010: 5.4% women 

over 80 years in our data set vs 3.5% women over 80 years in 

the whole of Germany; 2.1% men over 80 years in our data 

set vs 1.7% men over 80 years in the whole of Germany). 

However, the prevalence of diabetes in our study was well in 

line with recently published nationwide data.43,44 Third, there 

may be some misclassification concerning the “population 

at risk,” referring to the population with diabetes. This may 

be due to undiagnosed diabetes or due to prescription of 

antihyperglycemic drugs for people with impaired glucose 

regulation. However, we assume that the latter in particular 

should be rare. Moreover, in our study, based on the admin-

istrative data for the identification of people with diabetes, 

we have used one established algorithm, which has already 

been applied successfully by other studies.15,45 Furthermore, 

within our study, the characteristics of the population are 

similar to other German data, for example, the relation 

between insured persons with a diagnosis of diabetes with 

and without pharmacotherapy is in line with other studies 

from Germany.44,46–48 Fourth, unfortunately, with our data 

set, we were not able to estimate the AR of LEA stratified 

by type 1 and type 2 diabetes. Fifth, only the first amputation 

per patient and year, and not the all-time first amputation per 

patient, could be analyzed since we were not able to over-

look whether amputations occurred before 2008, in order to 

estimate the first ever amputation. This might create a bias 

in the incidence estimations between the populations with 

and without diabetes. Sixth, adjustment for comorbidity is 

an important prognostic factor in risk adjustment model-

ing for different outcomes.49 However, in our study, due 

to data protection requirements during the process of data 

extraction, the final study data set lacks related information 

on individual comorbidities. Thus, we could not adjust our 

estimates for further potential confounders such as coronary 

heart disease, cerebrovascular disease, or peripheral arterial 

disease. These diseases are well-known risk factors for a high 

incidence of LEA.50–53 The lifetime prevalence of coronary 

heart disease and stroke among adults aged 40–79 years was 

9.3% and 2.9%, respectively, according to the nationwide 

German Health Interview and Examination Survey for Adults 

(DEGS1) in 2008–2011.51,53 However, no significant change 

over time between 1998 and 2010 of the prevalence of these 

cardiovascular diseases was observed,51,53 potentially indicat-

ing that these comorbidities have no impact on the time trend 

of LEA. Further important factors that could also influence 

the AR, such as lifestyle variables, are not available in SHI 

data. However, looking for possible explanatory factors was 

not the aim of our study. Our aim was to describe the LEA risk 

and RR according to the St Vincent goals using a data source 

that enables us to analyze more than 30 million people in 

Germany, which is in line with several large epidemiological 

studies.4,14,22 Finally, there were strong multiple interactions 

between diabetes, age, and sex, which might provoke biased 

results in stratified Poisson models. However, the results of 

the latter with regard to time trend were largely in line with 

those based on age-sex-standardized AR. 

This study has a number of strengths. First, this is of 

the largest studies to cover more than 40% of the German 

population. Second, we defined the population with diabetes 

using a uniform algorithm, including people who are not 

receiving antihyperglycemic treatment.15 This is a compelling 

prerequisite for a valid estimation of AR in the populations 

with and without diabetes. Other studies that did not use this 

tool had to use estimated diabetes prevalence.2,12,32 Third, our 

study population is a dynamic cohort, including patients with 

new-onset diabetes mellitus during the study period. Finally, 

we were able to report the AR and time trend stratified by 

amputation level.

In conclusion, the present study is an analysis of AR, 

RR, and corresponding time trends in the largest nationwide 

population of Germany ever studied. The AR remained higher 

in the diabetic compared with the nondiabetic population. 

During the study period, we found a significant continuous 

reduction in the major and minor ARs among patients with 

diabetes and reduced major AR among those without diabe-
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tes. In contrast, minor AR slightly increased among people 

without diabetes. During the study period, RR for both major 

and minor LEA in the diabetic compared to the nondiabetic 

population decreased significantly. Our findings point to the 

need for continuous national monitoring of LEAs.
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