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SUMMARY Serum angiotensin-converting enzyme activities were measured in 41 type 1 diabetics
(16.4 ± 40 U/ml), in 40 type 2 diabetics (15.0 + 5-2 U/ml) and in 52 controls (13-0 + 2-7 U/mi,
mean ± SD). Twenty six (32%) of 81 patients presented with serum angiotensin-converting
enzyme activities above the normal range. No relation between serum angiotensin-converting
enzyme activities and the presence or lack of diabetic vascular diseases in type 1 and type 2
diabetics could be detected. No significant differences in serum angiotensin-converting enzyme
activities were found when comparing various types of diabetic vascular disease (retinopathy,
neuropathy, renal failure, arterial vascular disease, diabetic vascular disease, coronary artery
disease). However, mean serum angiotensin-converting enzyme activities were significantly
increased in diabetics with retinopathy when compared with controls (p < 0-0005). Correlation
between metabolic long term control as determined by measuring glycohaemoglobin (HbA,)
concentrations and serum angiotensin-converting enzyme activities could not be established.
Serum angiotensin-converting enzyme activities did not show any correlations with duration of
diabetes, age or sex of patients.
A representative number of diabetics (32%) showed elevated serum angiotensin-converting

enzyme activities, but a correlation with diabetic vascular disease, metabolic control or type of
disease could not be established.

In 1975 Lieberman' discovered the association be-
tween active sarcoidosis and raised serum
angiotensin-converting enzyme activities. Consecu-
tive studies confirmed2-5 the usefulness of serum
angiotensin-converting enzyme determination in
diagnosis and follow up of sarcoidosis.

In 1980 a possible relation between raised serum
angiotensin-converting enzyme activities and dia-
betes mellitus was reported,6 especially in the inves-
tigation of diabetic retinopathy patients. The associ-
ation between raised serum angiotensin-converting
enzyme activity and diabetic microangiopathy could
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possibly offer an additional diagnostic tool in
monitoring diabetic patients. However, in Lieber-
man's study6 important factors such as type of dia-
betes, state of metabolic long term control and form
of treatment were not taken into consideration
when patients with or without vascular complica-
tions were evaluated. Therefore, a more extensive
investigation of serum angiotensin-converting
enzyme was undertaken in diabetes mellitus
patients, well defined according to (a) type of dia-
betes mellitus; (b) presence or lack of diabetic vas-
cular disease; (c) method of treatment; and (d) state.
of metabolic long term control. We also examined
the relation between serum angiotensin-converting
enzyme and glycohaemoglobin (HbA,) concentra-
tions in diabetics before as well as after intensified
therapy.
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Results

This study was performed on 133 subjects, compris-
ing 41 patients with type 1 (juvenile onset, insulin
dependent) diabetes, 40 patients with type 2 (matur-
ity onset, non-insulin dependent) diabetes and 52
normotensive controls without past history of pul-
monary, liver, or thyroid disease. The clinical data of
the patients and controls are shown in the Table. In
patients with diabetic vascular disease (groups A
and C) the mean age was somewhat higher and the
duration of the disease significantly longer (p <
0.001) than in those without vascular tissue damage
(groups B and D). All of the 41 type 1 diabetics
were treated with insulin injections twice daily as
well as diet. Twenty nine of the 40 type 2 diabetics
were on insulin at the time of the study, however
were previously treated with oral hypoglycaemic
agents and diet. Only five type 2 diabetics were still
on oral hypoglycaemic agents at the time of inves-
tigation.
Blood was drawn by venepuncture in the fasting

state. In the diabetics blood samples were taken on
the first day of admission to hospital and again after
10 to 60 days of intensified diabetes treatment.
Serum angiotensin-converting enzyme activities

were determined spectrophotometrically according
to the method of Cushman and Cheung7 in the mod-
ification of Lieberman,' using hippuryl-L-histidyl-L-
leucine as substrate. The substrate was purchased
from Bachem Feinchemikalien, Bubendorf, Switzer-
land. Serum angiotensin-converting enzyme was
measured in duplicate; results are reported as U/ml
(nanomoles of hippuric acid liberated per minute
per ml serum). The intra-assay variance was less
than 5% and the interassay variance was less than
6%.
Glycohaemoglobin (HbA,) concentrations were

measured by microcolumn chromatography accord-
ing to Welch and Boucher.8

The mean (+SD) serum angiotensin-converting
enzyme activity in healthy controls was 13-0 + 2-7
U/ml. The upper limit of the normal range (mean +

2 SD) was taken as 18-4 U/ml. Fig. 1 shows the
angiotensin-converting enzyme activities of the
diabetic patients according to the type of disease and
the presence or absence of diabetic vascular disease.
There was a wide overlap in serum angiotensin-
converting enzyme levels between diabetic patients
and controls. However, 26 (32%) of 81 patients had
serum angiotensin-converting enzyme activities
above the normal range. Serum angiotensin-
converting enzyme activities did not show any corre-
lation with the duration of disease, age or sex of the
patients. The number of patients with raised serum
angiotensin-converting enzyme activities was similar
in type 1 diabetics with (5/20; 25%) or without
diabetic vascular disease (6/21; 29%). Six of 14
(43%) type 2 diabetics without diabetic vascular
disease had increased angiotensin-converting
enzyme levels.
The mean angiotensin-converting enzyme

activities did not significantly differ in groups of
patients with different types of diabetic vascular dis-
ease (Fig. 2). However, the highest mean
angiotensin-converting enzyme activities were
found in patients with diabetic retinopathy. Com-
pared with the control group, only the aforemen-
tioned group showed significantly higher
angiotensin-converting enzyme activities
(p < 0.0005). Nevertheless, 18 of 24 diabetic
retinopathy patients showed angiotensin-converting
enzyme activities within the normal range.

Angiotensin-converting enzyme activities and
HbA, concentrations were measured simultaneously
in all 81 patients at the onset of the study. In 45
patients determination of angiotensin-converting
enzyme was repeated after intensified therapy. The

Clinical findings of the diabetic patients and controls

Age (yr) Sex Duration HbA Complications Therapy
(mean SD)

M
of disease (yr) (ret )

R N Rf CAD AVD Insulin Glib Diet
+ diet + diet

A Type 1 with DVD 35-9 + 14a 11 9 17-5 + 9 110 + 2-5 15 3 4 2 4 20 - -
(n = 20)

B Type 1 without DVD 27-3 + 12a 12 9 8-2 - 9 111 2-7 - - - - - 21 - -

(n = 21)
C Type 2 with DVD 64-3 + 12a 1(0 16 14-5 ± 7 12-4 ± 2-9 9 6 9 9 15 22 3 1

(n = 26)
D Type 2 withoutDVD 59-8± 13a 9 5 6-4± 5 10-2± 2 5 - - - 7 2 5

(n = 14)
Controls (n = 52) 33-3 + 11-3a 21 31 - 6-3 + 07

R = retinopathy. N = neuropathy. Rf = renal failure. CAD = coronary artery disease. AVD = arterial vascular disease. DVD = diabetic
vascular disease.
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Fig. 1 Serum angiotensin-converting enzyme activities in diabetic patients (type I
and type 2 diabetes mellitus) with or without diabetic vascular disease (DVD).

AVD RET RF CAD N

Fig. 2 Serum angiotensin-converting enzyme activities in patients with different
types ofdiabetc vascular disease. A type I diabetes mellitus, * type 2 diabetes
mellitus, AVD: arterial vascular disease, RET: retinopathy, RF: renal failure, CAD:
coronary artery disease, N: neuropathy.
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interval between the two investigations was 10-60
days. In 11 patients increased serum angiotensin-
converting enzyme activities were found at both
investigations. No correlation between the
metabolic long term control (HbA,) and serum
angiotensin-converting enzyme activities could be
detected. Angiotensin-converting enzyme activities
were quite similar irrespective of whether patients
showed excellent (HbA, < 9 0%; angiotensin-
converting enzyme 16-8 + 5 6 U/ml), fair (HbA, 9-1
- 10-2%; angiotensin-converting enzyme 15*8 +

5 0 U/ml), moderate (HbA, 103-120O%;
angiotensin-converting enzyme 15.3 + 5 0 U/ml) or
poor (HbA, > 12%; angiotensin-converting
enzyme 16-8 ± 4-1 U/ml) metabolic control. The
intraindividual changes of angiotensin-converting
enzyme and HbA, of 10 diabetics from the state of
poor diabetes control to improved metabolic control
after two months are shown in Fig. 3. Although
HbA, concentrations decreased in all patients,
angiotensin-converting enzyme showed a rise in six
of them and remained unchanged in two.

Discussion

Lieberman6 reported sporadic or persistent raised
activity of serum angiotensin-converting enzyme in
24% of diabetes mellitus patients. In that study? the
incidence of retinopathy was higher in patients with
raised angiotensin-converting enzyme activities than

HbA1 Angiotensin converting
(rel %/) enzyme (U/mi)

t t t t
Day of After Day of After

admission treatment admission treatment

Fig. 3 Changes in HbA, concentrations and serum

angiotensin-converting enzyme activities in diabetic patients
following intensified therapy.

in diabetics with normal angiotensin-converting
enzyme activities (48% v 20%). Remarkably, 37 of
64 patients with diabetic retinopathy and seven of
14 patients with diabetic nephropathy showed nor-
mal angiotensin-converting enzyme activities.
Lieberman speculated6 that diffuse vascular damage
could have released the enzyme into the blood
stream.

In the present study significant association be-
tween the presence of late diabetic complications
and raised angiotensin-converting enzyme activity
could not be found. However, 32% of all diabetics
showed sporadic raised activities in serum
angiotensin-converting enzyme and 14% presented
persistent raised serum angiotensin-converting
enzyme, confirming the report of Lieberman6 that a
representative number of diabetics show raised
angiotensin-converting enzyme. The absence of
raised angiotensin-converting enzyme in a large
number of patients with overt diabetic retinopathy
or diabetic nephropathy, or both, demonstrated in
the present study is an important argument against
the intriguing concept that systemic diabetic mic-
roangiopathy leads to an increase in serum
angiotensin-converting enzyme activity. In a
number of reports9-'2 a correlation between late
diabetic complications and insufficient diabetes con-
trol in the history of patients has been noted. Inter-
estingly, metabolic long term control; evaluated by
stable HbA, concentrations, did not show any corre-
lation with serum angiotensin-converting enzyme
activity in this investigation.

Thus, the precise underlying mechanism for the
increased serum angiotensin-converting enzyme
activities in 20-40% of diabetics remains to be
clarified. In this connection it seems noteworthy
that raised angiotensin-converting enzyme activities
have been noted in 90% of patients with hyper-
thyroidism,"3 14 suggesting that endocrinological fac-
tors may also be related to an increase in serum
angiotensin-converting enzyme activity. Beside sar-
coidosis' a variety of diseases-for example,
Gaucher's disease,'5 leprosy,'6 silicosis and asbes-
tosis,"7 chronic renal failure requiring haemodialy-
sis,'8 acute and chronic diseases of the liver,'8-20
hyperthyroidism'3 14 and diabetes mellitus6-are
now identified as being associated with increased
serum angiotensin-converting enzyme activity. It
seems likely that different factors contribute to
increased angiotensin-converting enzyme serum
activities in such heterogenous disorders.
Regarding diabetes mellitus, a subclinical dis-

turbed liver function could have influenced serum
angiotensin-converting enzyme activity, although
liver function tests of the diabetic patients were
within the normal range and did not correlate with
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angiotensin-converting enzyme activity. It cannot be
excluded that the liver may inactivate serum
angiotensin-converting- enzyme; hence, impaired
hepatic clearance may increase serum angiotensin-
converting enzyme activity in disorders such as
diabetes mellitus associated with subclinical distur-
bances of the liver.
A variety of insulins and insulin fragments were

shown to be active as inhibitdis of serum
angiotensin-converting enzyme in vitro .2' Igic et at22
demonstrated the inhibitory effect of insulin on

purified angiotensin-converting enzyme from hog
lung, and insulin also blocked the action of
angiotensin-converting enzyme in lung perfusion
experiments in rat lung in situ. Serum insulin or

C peptide concentrations were not measured in our
patients, but the possibility cannot be excluded that
insulin deficiencies in plasma or tissue might contri-
bute to raised serum angiotensin-converting enzyme
activities. Interestingly, type 1 diabetics with
retinopathy demonstrated considerably higher
angiotensin-converting enzyme activities (17-6
2 5 U/ml) than type 2 diabetics with the correspond-
ing microvascular retinal lesions (14-1 + 5-8 U/ml).
In addition, four patients with type 1 diabetes and
proliferative retinopathy showed serum
angiotensin-converting enzyme activities of 17-4 +

2 5 U/ml whereas in three type 2 diabetics with pro-
liferative retinopathy serum angiotensin-converting
enzyme activities of only 9X6 1X9 U/ml could
be measured (the other patients with diabetic
retinopathy presented either background
retinopathy or preretinopathy and did not show any
differences between type 1 or type 2 diabetics).

Increased serum angiotensin-converting enzyme
activities were found in hypertensive patients by one
group,2-' findings which -were not confirmed in
another study.24 In the present investigation hyper-
tension was found in only eight of the 30 diabetics
(one type 1 diabetes, seven type 2 diabetes) with
increased serum angiotensin-converting enzyme
,activities. Thus, it seems unlikely that in diabetics
hypertension plays a major role in the raising of
serum angiotensin-converting enzyme activity.
The mechanisms for raised activity in serum

angiotensin-converting enzyme in about one third of
diabetics remains at present unclear. However, our
study definitely shows that increased angiotensin-
converting enzyme activity cannot be taken as a

marker for generalised tissue damage or extensive
vascularisation, because (a) angiotensin-converting
enzyme activities were increased in only some of the
diabetics with microangiopathy and (b) patients with
short diabetes duration (< 5 yr) showed similar or
even higher angiotensin-converting enzyme
activities than patients with longstanding diabetes.

This is a strong argument against the hypothesis that
even subclinical diabetic vascular injury may raise
serum angiotensin-converting enzyme, because the'
outcome of late diabetic vascular complications cor-
relates strongly with the duration of disease.25
Although the mechanism responsible for the

increase in serum angiotensin-converting enzyme
activity in diabetes mellitus remains to be clarified,
diabetes should be taken into consideration when
raised angiotensin-converting enzyme activities are
to be used to confirm the diagnosis of sarcoidosis.
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