
Over a number of years significant improvement has
taken place in the treatment aimed at achieving
near-normoglycaemia in diabetes mellitus. Under-
standing and treatment of diabetic complications has
also improved, primarily regarding diabetic nephr-
ophy and neuropathy. Implementation of diabetic
self-care programmes, establishment of specialised,
publicly subsidized foot clinics, and improvement in
vascular and orthopaedic surgery took place during
the 1980s.

The exact number of diabetic patients in Denmark
is not known. It is estimated that 20000 persons have
insulin-dependent diabetes (IDDM), and approxi-
mately 70000 have non-insulin-dependent diabetes
treated by oral medication or diet, approximately
20000 have insulin-treated NIDDM and probably

about 40000 have undiagnosed diabetes. Thus, dia-
betic patients represent almost 3 % of the total popu-
lation averaging 5.1 million. It is evident that, besides
the impact on quality of life, diabetes is also a sub-
stantial economic problem.

In the St. Vincent Declaration Action Programme
1992 [1] a number of five-year targets were outlined.
One being the intention to reduce by one half the
rate of limb amputation due to diabetic gangrene.
The objective of this paper is to evaluate the present
status in Denmark.

Some demographic variations are of epidemiologi-
cal relevance. During the period under study the pro-
portion of older age groups in the population has
steadily increased (e.g. 25% increase of individuals
older that 75 years). This would theoretically influ-
ence the number of patients with NIDDM more
than the number of patients with IDDM.

The total number of diabetic individuals has been
estimated to have increased by 1% per year over a
number of years. While the total number of smokers
has decreased, that of female smokers has increased
and the number of heavy smokers (i. e. more than 25
cigarettes per day) has stabilized. The number of
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individuals severely overweight has considerably in-
creased during the past few years.

Subjects and methods

Between 1972–1979 the Danish Amputation Register (DAR)
based its statistics and analyses upon detailed reports, volun-
tarily submitted by a number of orthopaedic and surgical de-
partments, situated throughout the country, but never achiev-
ing more than 50–70 % in total. Since 1978 the DAR has based
its statistics on data from the National Patient Register (NPR).
The reliability of this database has been found to be adequate
for epidemiology studies [2–6]. The NPR contains information
on all admissions to non-psychiatric hospital departments.
Since reporting to the NPR is required by law, national cover-
age is ensured.

The present study is based upon the DAR records from
1982 to 1993. The total number of primary amputations was
2848.

Definitions

Primary amputation: the first admission of a patient for ampu-
tation of the lower limb (excluding toe(s)).
Following amputations: any admission excluding the first for
amputation of the ipsi- or contralateral limb (excluding toe(s)).
Major amputation: amputations at the transtibial level,
through knee, and transfemoral or through hip.

Limitations of data in the NPR

The NPR data concerning operation (amputation) on paired or-
gans, including extremities, does not specify right or left side.
Consequently, it is not possible to deduce whether “following”
amputations are ipsi- or contralateral. Amputation of toes are
excluded from this study because the NPR only includes infor-
mation concerning patients admitted to a hospital, not to out-
patient clinics, where many toe amputations are carried out.

Data concerning age at diabetes diagnosis, and data on the
frequency and quality of ambulatory control is not accessible.
Prior to 1987 all case of diabetes were reported to the NPR un-
der one International Classification of Disease (ICD) VIII
code, thus rendering distinction between IDDM and NIDDM
impossible. Since 1987 the system has allowed reporting of
IDDM and NIDDM under separate code numbers. However,
no reliability studies have been carried out, thus necessitating
caution in the interpretation of these data.

The present study is based upon analysis of primary ampu-
tations. However, it is estimated that about 20 % of these
have already had one or more toe amputations prior to the in-
clusion in our series.

Statistical analysis

Poisson regression analysis was used with a level of signifi-
cance of 5 %.

Results

The mean age during the study period was almost
constant at 70.96 years (range 25–97). The male to

female ratio was increasing (Fig. 1). The median sex
ratio was 1.18 (range 0.89 –1.73, SD 0.227).

Figure 2 shows the incidence of amputation per
100000 population for men and women. The reduction
of incidence was constant during the period at 0.96 per
year (95% confidence limits 0.95–0.97). No significant
difference between men and women could be detected
(p = 0.19). The mean incidence per 100000 population
for men was 4.7 (range 3.6–6.9, SD 0.926) and for wo-
men 4.55 (range 3.2–5.7, SD 0.935). Figures 3, 4 and 5
show the age-specific incidence for the age-group
younger than 50 years, between 50 and 70 years and
older than 70 years. Poisson regression analysis shows
that the change during the period under study was the
same for all three age groups analysed (p = 0.07) with
a 0.95 reduction per year (95% confidence limits
0.94–0.96). Separation of the diabetic group into
IDDM and NIDDM is possible after 1987. Under the
assumptions that: 1) the number of patients with
NIDDM and IDDM was constant during the period
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Fig. 1. Male to female sex ratio for each year during the period
1982 to 1993. The linear regression line is shown

Fig. 2. Incidence per 100 000 population for males and females.
Poisson regression = 0.96 (95% confidence limits 0.95–0.97),
(p = 0.19)



1987–1993 and 2) the number of patients with
NIDDM averaged 90 000 and IDDM 20000, it is possi-
ble to tentatively estimate the amputation incidence
for individuals at risk (Fig. 6). Poisson regression anal-
ysis shows that the incidence of NIDDM amputation
was constant over the period, whereas the incidence
of IDDM decreased by 0.92 per year (95% confidence
limits 0.84–0.99). The median incidence in the
NIDDM group was 111.1 (range 103.3–190,
SD = 27.93) and in the IDDM group the median inci-
dence was 360 (range 190–375, SD = 67.33).

Discussion

The trends regarding the incidence of diabetic ampu-
tations have previously been analysed by the DAR

[7] when significant reduction was found. Other stud-
ies [8–13] have found similar tendencies in material
covering selected geographical sub-areas. The present
study analyses the reduction at the national level.

The share of men among the diabetic amputees is
increasing (i.e. an increasing sex-ratio) although it is
not known why, but the decrease in incidence was uni-
form, irrespective of sex. The phenomonen has not
been described in previous studies. It should be men-
tioned that among other smoke-related diseases such
as lung cancer the share of women is steadily increas-
ing. There is no indication that the male:female sex-ra-
tio among patients with diabetes has changed. In fact
we had expected to find otherwise because women
form the major part of the increase noticed in the el-
derly part of the population. Regarding the three anal-
ysed age groups, one would suspect the decrease to be
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Fig. 3. Incidence per 100 000 population for diabetic patients
younger than 50 years. Poisson regression = 0.95 (95% confi-
dence limits 0.94–0.96)

Fig. 4. Incidence per 100 000 population for diabetic patients
between 50 and 70 years. Poisson regression = 0.95 (95% con-
fidence limits 0.94–0.96)

Fig. 5. Incidence per 100 000 population for diabetic patients
older than 70 years. Poisson regression = 0.95 (95% confi-
dence limits 0.94–0.96)

Fig. 6. Incidence per 100 000 individuals at risk i. e. 90 000 pa-
tients with NIDDM and 20 000 with IDDM. The poisson re-
gression for the NIDDM = 1 (no reduction per year) and 0.92
for the IDDM group (95% confidence limits 0.84–0.99)



greatest in the age group older than 70 years. How-
ever, statistical analysis shows that this is only a visual
impression. The overall reduction in the incidence of
lower limb amputation among diabetic individuals is
uniformly distributed over the age groups. It is impor-
tant to note that the mean age at primary amputation
did not change during the period. Because the de-
tected decrease in amputation incidence was not spe-
cifically related to either gender or age, we found it
useful to analyse NIDDM as compared to IDDM. As
noted in the description of the NPR data, the record-
ings could have incorrect coding of the patients with
insulin-treated NIDDM, and the results presented
should be interpreted with caution. A decrease seen
in the IDDM group and not in the NIDDM group
was surprising, considering the similarity between
NIDDM patients and those with amputations due to
non-diabetic vascular insufficiency, where a more con-
vincing decrease has been observed [14]. It should also
be mentioned that the low incidence of IDDM ampu-
tation in 1993 influenced the outcome of the Poisson
regression. However, only future development can
show whether the amputation incidence in the IDDM
group will continue to decrease or whether IDDM am-
putations will reach the steady-state which seems to be
a reality in the NIDDM group.

Regarding the five-year targets of reduction in the
number of lower limb amputations by one half, the
study concluded this has not yet been achieved in
Denmark. However, with a 5% reduction per year a
total reduction of 40 % over the period 1982 to 1993
is indeed a promising result.
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