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Assessment of Enalapril Effect on Inducing Anemia In Non-Azotemic
Diabetic Patients

S. Seyrafian MD*, L. Kasaei MD**, R. Kosary MD**

ABSTRACT

Background: Angiotensin converting enzyme inhibitors (ACEIs) are known to induce anemia following renal transplanta-
tion, dialysis and in renal failure patients It seems that ACEIs cause anemia via inhibition of erythropoietin synthesis or inhib-
iting normal proliferation of early erythroid progenitors, which are normally stimulated by angiotensin converting enzyme.
There are few reports on how ACEIs induce anemia in non-azotemic diabetic patients. We studied the effect of enalapril on
inducing anemia in non-azotemic diabetic patients.

Methods: This study included 94 diabetic non-azotemic patients (serum creatinine (sCr) <1.5 mg/dl by jaffe reaction). Pa-
tients were divided into two groups, the first; with clinical proteinuria (P+ ) having a 24 hour urine protein >300 mg or positive
urine dipstick for protein, at least on two of three times tested, with an interval of 1 month and the second group without any
signs of clinical proteinuria (P- ). Only 32 patients completed the course of study; 17 as P+ and 15 as P-. Patients in both
groups received 10 mg enalapril daily; and every 3 months, the dose was doubled until the dose of 40 mg/day was reached,
unless any side effects emerged. Hemoglobin concentration (Hb), sCr and serum potassium (K") were also checked regularly.
Data were analyzed using t-Student test, paired t test, and chi-square test. A p value < 0.05 was considered as significant.
Results: Both groups of patients were matched from the standpoint of age and sex. The average baseline sCr in P+
and P- groups were 0.8 +0.19 mg/dl and 0.8 + 0.18 mg/dl respectively.(p = 0.97)

After the study was completed, the average baseline sCr rose to 0.99+0.19 and 0.92+0.22 mg/dl in P+ and P- groups respec-
tively. (p=0.32)

In P+ group, mean Hb was 14.1 +1.30 g/dl and 13.9 + 0.99g/dl before and after the study respectively.(p = 0.28)

The same parameter for the P- group was measured as 14.1+1.00 and 12.9+3.30 before and after the study respec-
tively.(p=0.16)

Conclusion: This study shows that enalapril has no significant effect on inducing anemia in non-azotemic diabetic patients.
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ngiotensin  Converting Enzyme Inhibitors

(ACEls) are known to cause anemia in pa-

tients on dialysis, in chronic renal failure"
and following renal transplantation™’. In addition,
patients who develop erythrocytosis after renal
transplantation, are commonly treated with ACEIs".
Since angiotensin II is proved to be necessary for
production of erythropoietin in animals and also in
humans’ therefore inhibition of angiotensin 1I in-
hibits erythropoietin synthesis and RBC produc-
tion’. Anemia in such patients is suggested to be due
to a decrease in red blood cell (RBC) production,

however the precise mechanism of anemia is still
unknown’.

The direct effect of angiotensin II on prolifera-
tion of RBC progenitor cells was shown by Murg et
al in 1997 ". ACEIs including enalapril and captopril
are the drugs of choice in the treatment of hyper-
tension in diabetics. These drugs are recommended
for treatment of proteinuria in diabetic patients with
or without hypertension as well. ACEIs are proved
to reduce blood pressure, proteinuria and progres-
sion of renal failure in diabetic patients as
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compared to control groups®. As far as we know,
there have been few studies on the role of ACEIs in
inducing anemia in non- azotemic diabetic patients.
The purpose of this study was to find whether
enalapril could induce anemia in non-azotemic dia
betics, and if there were any relationship between

the dose of enalapril and development of anemia.

Materials and Methods

The study was carried out in the Endocrine and Me-
tabolism Research Center (EMRC), Amin hospital,
Isfahan, Iran, from 1999 to 2003.

All referred diabetic patients who had a serum
creatinine level < 1.5 mg/dl and had not received
ACEIs for at least the last 2 months were chosen,
provided that they met the inclusion criteria.

Inclusion Criteria
1- Normal renal function (serum creatinine < 1.5
mg/dl by jaffe colorimetric method ) **
2- Normal Hb concentraton (Hb > 11.7 g/dl in
women and > 13.2 g/dl in men ) ' and transferrin
saturation [serum Iron(Fe) / Total Iron Binding Ca-
pacity(TIBC)] > 15%
3- Presence of diabetes mellitus ( fasting blood
sugar > 126 mg/dl)
4- No previous use of ACEIs for at least 2 months
(A period of two months is enough for the wash out
of the probable effect of ACEIs on inducing ane-
mia)
5- Absence of pregnancy
6- Absence of malnutrition, hypothyroidism, malig-
nancy, pulmonary, cardiac, hepatic and hematopoi-
etic disease and recent bleeding

These conditions were ruled out with a careful
history taking, physical examination and if necessary
applying lab testing.
7- No recent use of theophylline, azathioprine and
cyclophosphamide ( due to the possibility of devel-
oping anemia )

Exclusion Criteria

1- Azotemia

2- Developing clinical proteinuria in the group with-
out proteinuria

3- Pregnancy

4- Low compliance
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5- Drug side effects (Systolic blood pressure < 100
mmHg, Cough, Hyperkalemia (K"> 5 mEq/L) and
Agranulocytosis).

A General physician or an internist first evalu-
ated the diabetic patients who referred to EMRC. If
they met the inclusion criteria, they were selected
and then necessary lab tests were requested and
were followed by a nephrologist.

The nephrologist did not change the patients'
medications except antihypertensive drugs if the pa-
tient developed low blood pressure. The same
nephrologist visited every patient monthly.

A sample size of 15 for each group was calcu-
lated as statistically reliable.

We applied convenience sampling method for
choosing the case and control patients. All patients
were fully informed of the study and each signed the
letter of consent. Then they were tested for Hb, Hct
(Hematocrite), BUN (Blood Urea Nitrogen), sCr,
Fe, TIBC, Potassium (K"), and urine protein. Pa-
tients were assigned as anemic when they had a Hb
< 11.7 g/dl in women and < 13.2 g/dl in men, or a
decrease in Hb concentration> 10% from their
baseline Hb concentration." Patients were divided
into two groups according to the presence or ab-
sence of clinical proteinuria (having a 24 hour urine
protein 2300 mg or positive urine dipstick for pro-
tein, at least on two of three occasions tested, with
an interval of 1 month).

Enalapril Maleate tablet (Dr. Abidi Pharmaceuti-
cal Co, Tehran, Iran), 10 mg/day was prescribed for
3 months and every 3 months the dose was doubled
until 40 mg/day.

Two weeks after beginning or changing the
dose, serum Cr and K™ were measured. Hb was also
measured every 45 days.

In case of developing anemia, serum iron, TIBC,
ferritin, guaiac test, reticulocyte count, and LDH
(Lactic Dehydrogenase) were assessed to rule out
other causes of anemia.

Enalapril was taken for 9 months and in case
anemia emerged, the drug was discontinued and Hb
was checked again every 45 days to evaluate rising
of Hb.

Results were expressed as mean * SD. Compari-
sons between the two groups before and after the
study were made by paired t-test and t student-test.
Comparisons between the two groups for nominal
variables were made by Pearson chi-square test.
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SPSS software version 11.5 was used for analysis on
a computer.

A p value < 0.05 was considered as statistically sig-
nificant.

Results

During a 4-year study, 244 patients were evaluated.
A hundred and ninety five patients who were non-
azotemic and did not use enalapril for at least the
previous 2 months were selected, and then were
tested for Hb, Hct, Fe, and TIBC as primary lab ex-
ams. From 195 patients, 101 patients were excluded
for failing to do the lab tests or having an abnormal-
ity in the test results. From the patients included in
this study, 7.4% ot 7/94 patients (6 F and 1 M) due
to anemia (iron deficiency) and blood transfusion,
14.8% or 14/94 (3 M and 11 F) due to development
of cough, 6.3% or 6/94 (5 F and 1 M) due to hypet-
kalemia, and 6.3% or 6/94 due to azotemia during
the study, (totally 33) were excluded. Another 29
patients did not follow the study, mainly because of
personal reasons.
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Sex distribution of the two groups is presented in
table 1.
The range of age varied from 20 to 72 years in P+
group and from 40 to 68 years in P— group.
The mean age in the P+ and P- group was 51.6 £13
and 55.9 £ 08 years respectively. (p = 0.28)
The A Hb (before and after the study) in P+ and P-
groups were 0.23 + 0.83 and 1.18 =+ 3.1 g/dl re-
spectively. (p = 0.2)

Table 1: Distribution of sex between the two groups

Groups Female Male Total
P+ 6 11 17
P- 8 7 15

Total 14 18 P=0.3

P+: patients with proteinuria, P-: patients without pro-
teinuria

Table 2. The comparison of mean serum creatinine (mg/dl) potassium (mEq/L), and Hemoglobin (g/dl) between

the two groups, before and after the study.

Lable data Group Before study After study | Pvalue
Serum Cr P(+) 0.83+0.19 0.99+0.19 0.008
P(-) 0.83+0.18 0.92+0.22 0.21
P value 0.97 0.32
Serum K P(+) 4.37+0.32 4.4+0.44 0.78
P(-) 4.49+0.27 4.5+0.40 0.58
P value 0.26 0.31
Hb P(+) 14.12+1.3 13.92+0.99 0.28
P(-) 14.10+1 12.92+3.3 0.16
P value 0.96 0.26

Cr: Creatinine  K: Potassium

Hb: Hemoglobin

P(+): Patients with Proteinuria, P(-): Patients without Proteinuria

Discussion

Participation of the renin—angiotensin system in
erythropoiesis has long been recognized. Angio-
tensin II directly stimulates erythropoietin produc-
tion in vivo ", and induces the growth of eatly
erythroid progenitors 7 vitro", ACE inhibitors and
angiotensin II type 1 receptor antagonists have been
shown to decrease erythropoietin levels in ani-
mals™", in renal transplant recipients with or with-
out post-transplant erythrocytosis'*"®, and in uremic
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patients'’, In addition, production of interleukin-
12%, and levels of IGF-1", cytokines known to in-
duce erythropoiesis, have been shown to be reduced
by ACE inhibitors. Along with such observations, it
has also been demonstrated in several studies that
both ACE inhibitors and angiotensin II type 1 re-
ceptor antagonists might contribute to anemia or to
a decrease in hemoglobin/hematoctit levels in ani-
mals'>*'as well as in patients with chronic renal fail-
ure”, with renal allografts'®"®, in patients on hemo-
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dialysis treatment™, in hypertension, chronic ob-
structive pulmonary disease, and congestive heart
failure™. Also in hypertension, it is noted but in the
majority of patients with hypertension, decreases in
hematocrit values after renin angiotensin system
(RAS) inactivation are limited and are not clinically
important™.

We decided to evaluate the effect of ACE inhibi-
tors such as enalapril on hemoglobin level in dia-
betic patients with normal renal function. As far as
we knew, there was no report on the effect of
enalapril on hemoglobin level in diabetic patients
with normal renal function.

This study showed that enalapril administration
for 3 months to non-azotemic diabetic patients with
or without proteinuria, puts no effects on inducing
anemia in such patients, also it did not change the
level of serum creatinine or serum potassium sig-
nificantly and there was no difference between male
and female patients in these parameters.

As we could not find any significant changes in
Hb level caused by enalapril prescription entirely,
therefore there was obviously no need to find the
relationship between the dose of enalapril and Hb
level.

In addition, the dectrease in Hb level was not
enough (= 10%) as desctribed before to diagnose
anemia, also it was not necessary to withdraw the
drug (for those patients who needed it) and to see
the effect of drug withdrawal on Hb level.

There are some reports on the effect of ACE
inhibitors on the response of Hb to erythropoietin
(EPO) in HD patients. They noted that there was
no alteration in the response of Hb to EPO in those
patients with or without taking ACE inhibitors® *.
On the other hand S Albitar et al " and Schiffl and
Lang * observed that high dose enalapril " and cap-
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topril® increased the requirement of EPO in HD
patients. This study is against our results in normal
renal function patients.

Kunihiko Hayashi et al ** evaluated the effects of
ACE inhibitors in hemodialysis patients by measut-
ing the weekly increase in hematocrit (AHct) values
within 12 weeks of the initiation of rHuEpo treat-
ment. When the AHct values were compared di-
rectly between the two groups, no effect of ACE
inhibitors was observed (P=0.941). They concluded
that ACE inhibitors have no effect on the tHuEpo
treatment for anemia in hemodialysis patients who
were treated with a relatively low dose of ACE in-
hibitors and low dose tHuEpo. AHb in our patients
also did not show any significant changes.

It is possible that the drug type (The product
manufactured in Iran) is different from other prod-
ucts of this drug in its efficacy and other side ef-
fects.

However, most of these studies were done on
hemodialysis patients and patients who received
rHuEpo. They concluded that low dose ACEIs had
no effect on Hb level, though this study was done
on normal renal function patients, nonetheless
showed the same result.

Conclusion

This study shows that therapy with usual dose of
enalapril in diabetics with normal renal function
with or without proteinuria, may not induce anemia
and this drug can be used without the risk of induc-
ing anemia. We suggest other studies with larger
sample size on normal renal function patients and
with other ACE inhibitors to evaluate the probable
effect of ACE inhibitors on hemoglobin level.
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