
 

 

Int J Pediatr, Vol.8, N.3, Serial No.75, Mar. 2020                                                                                           11013 

Original Article (Pages: 11013-11022) 

 

http:// ijp.mums.ac.ir 

 

Effect of Lisinopril on Microalbuminuria in Sickle Cell Anaemia 

Children: A Single-Blind Randomized Controlled Trial 

Rasaki Aliu1, Isaac Ocheke2, Iliya Jalo1, Patience Ngozi Obiagwu3, Adamu Sani11 
 

 

1Department of Pediatrics, Gombe State University and Federal Teaching Hospital, Gombe, Gombe State, 

Nigeria. 2Department of Pediatrics, University of Jos and Jos University Teaching Hospital, Jos, Plateau State, 

Nigeria. 3Department of Pediatrics, Bayero University and Aminu Kano Teaching Hospital, Kano, Kano State, 
Nigeria. 

 

 

Abstract 

Background 
Sickle cell nephropathy is a major cause of morbidity and mortality in sickle cell anaemia (SCA). 

Proteinuria contributes to progression of renal damage. Icroalbuminuria is an early feature of SCN 

and progression to advanced kidney damage is delayed if regression is achieved with angiotensin 
converting enzyme inhibitors. We aimed to determine the effect of Lisinopril on microalbuminuria in 

children with SCA. 

Materials and Methods 

In this single-blind, two parallel-arm, placebo-controlled randomized trial study, 170 children aged 1-
18 years with SCA and microalbuminuria were randomized into intervention and placebo groups 

using simple random sampling technique. The intervention and placebo groups received 0.1 

mg/kg/day of Lisinopril and 100 mg/day of Vitamin C, respectively and were followed up for 3 
months. Microalbuminuria and GFR were determined at baseline, 1, 2, and 3 months. Data were 

analyzed using SPSS software version 23.0. 

Results 

The mean baseline microalbuminuria was 134.2±72.5 mg/g in the intervention group and 107.6±58.0 
mg/g in the placebo group (P= 0.009). The mean baseline GFR in the intervention and placebo groups 

were 122.0±35.6 ml/min/1.73m2 and 121.0±35.6 ml/min/1.73 m2, respectively. There was a 

significant regression of microalbuminuria in the intervention (84.6%), similar but higher than the 
placebo group (62.5%) at the end of 3 months’ study. The mean GFR after 3 months on treatments 

was 115.4±26.3 ml/min/1.73 m2 and 117.0±33.9ml/min/1.73 m2 (p=0.055) in the intervention and 

placebo groups, respectively.  

Conclusion 

Lisinopril causes significant regression of initial microalbuminuria in children with SCA.  
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1- INTRODUCTION 

      Worldwide, more than 300,000 babies 

with a sickle cell disorder are born each 

year (1). Haemoglobin disorders 

predominate in Africa with over 70% of all 

affected births occurring in this region and 

about 50% of these children living in 

Nigeria (1). Sickle cell anemia (SCA) 

accounts for more than three-quarters and is 

the most severe form of this disorder (2). 

Nigeria has the highest burden of SCA in 

the world with a prevalence of 20 per 1000 

births (3). Sickle cell anemia affects 

virtually every organ of the body (4). 

Kidney involvement described as sickle cell 

nephropathy (SCN) is an important cause of 

morbidity and mortality in patients with 

SCA (5). Sickle cell nephropathy has 

prevalence that ranges from 5 to 18% (5, 6). 

Sickle cell nephropathy spectrum often 

begins with defects in urine concentration 

and acidification early in childhood and 

progresses with age to microalbuminuria, 

overt proteinuria, glomerulosclerosis, and 

renal failure (7).  

Proteinuria is a frequent finding in SCA (5, 

8). Although proteinuria is one of the 

earliest manifestations of SCN (7), it 

usually begins as hyperfiltration, 

microalbuminuria progressing to 

macroalbuminuria and overt proteinuria if 

kidney damage persists or no therapy is 

instituted (7). The prevalence of 

microalbuminuria in children with SCA 

ranges from 11.3 to 47.1% (9-11). 

Evidence has shown that the toxic effect of 

this protein accelerates the clinical course 

of renal impairment (12). However, this 

clinical progression can be halted or 

reversed by administration of angiotensin-

converting enzyme inhibitors (ACEI) (13). 

The ACEI reduces hyper-perfusion, 

hyperfiltration, eliminates the toxic effect 

of proteinuria on renal tubules by reducing 

proteinuria, delays the development of 

intraglomerular hypertension and improves 

it where it has already developed (5, 14). 

The ACEIs do this by causing the 

constriction of the afferent arterioles and 

dilatation of the efferent arterioles thereby 

improving the hyper-perfusion and 

hyperfiltration injury that has been shown 

to underlay many of the pathogeneses of 

SCN (5). There has been comprehensive 

experience with the use of ACEIs in 

different clinical conditions in patients 

who do not have sickle cell anemia (14, 

15). The few studies that reported 

reduction of microalbuminuria by ACEIs 

in patients with SCA were mainly 

conducted in adult population and outside 

Nigeria (13, 16, 17). Indeed, this effect in 

children requires evaluation, especially in 

Nigeria that has the highest burden of 

sickle cell anemia worldwide. The aim of 

this study was to determine whether 

ACEIs reduce microalbuminuria in 

children with SCA. 

2- MATERIALS AND METHODS 

2-1. Method 

        This was a single-blind randomized 

controlled trial, which was conducted in the 

sickle cell disease center at Federal 

Teaching Hospital, Gombe, (FTHG) North-

east Nigeria, from September 2016 to 

March 2017. The FTHG is a 450-bed 

capacity tertiary institution with a sickle 

cell center where 50-70 children with SCA 

are reviewed weekly. 

2-2. Inclusion and exclusion criteria   

The study included children aged 1-18 

years, with SCA and microalbuminuria who 

were in steady state (defined as the absence 

of fever, or crisis in the previous four weeks 

or more in a child who was not on any 

medication other than routine folic acid and 

prophylactic antimalarial drug) (18), who 

were being followed up in the sickle cell 

clinic at the Federal Teaching Hospital, 

Gombe (FTHG), and whose caregivers 

consented to the study. Children who were 

known to have hypertension, diabetes 

mellitus, HIV, and urinary tract infection 

were excluded from the study as these 
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conditions are secondary causes of 

microalbuminuria. 

2-3. Ethical approval  

All procedures performed were in 

accordance with the ethical standards of the 

institution research committee and with the 

1964 Helsinki declaration and its later 

amendments. Written informed parental 

consent and assent were obtained in 

participants that were above 7 years of age, 

while ethical approval was obtained from 

the Research and Ethics Committee (REC) 

prior to the commencement of the study.   

2-4. Recruitment and randomization  

Interviewer-administered questionnaires 

were used to obtain detailed history and 

pertinent physical examination findings. 

Socio-economic index of each participant 

was determined using the method described 

by Oyedeji (19) in which parents’ 

professions and educational attainment are 

used to categorize participants into any of 

five socioeconomic classes, class I being 

the highest and class V being the lowest 

socioeconomic class. The sample size was 

calculated using the formula for 

randomized controlled trial (20). Treatment 

effect was set at 0.8 in order to achieve 

80% power of the two-tail score test set at 

α= 0.05 (20). 

The subjects with SCA and 

microalbuminuria who met the inclusion 

criteria were recruited consecutively on a 

weekly basis over four months. Participants 

who met the inclusion criteria were given 

well labeled universal bottles at clinic in the 

sickle cell center. Bigger containers were 

provided for female participants who could 

not void into the bottles directly. The 

samples were then transferred into the 

universal bottles by the participants. The 

older participants and parents were 

instructed on the method of midstream 

morning urine collection. On-the-spot 

preliminary dipstick urinalysis was carried 

out in the laboratory using Combi-screen 

strips (combi-11 multistrips) (URIC 10CF, 

GUILIN ZHONGUI CO. LTD 18B09) 

before microalbuminuria assay. Urine 

samples negative for proteinuria, hematuria, 

glucosuria, leucocytes were assayed for 

microalbuminuria and urinary creatinine 

while samples positive for these were 

excluded from the study, and such patients 

were sent for further evaluation for possible 

comorbidities. Participants who tested 

positive for microalbuminuria had their 

blood samples collected at the clinic for 

serum creatinine. The weekly recruitment 

and randomization were done in such a way 

that each participant had a 50:50 chance of 

being randomized into the intervention or 

placebo group (Figures 1, 2). Following 

randomization, subjects in each arm of the 

study received medication for three months. 

Oral Lisinopril at 0.1 mg/kg/day and oral 

vitamin C at 100 mg/day were administered 

to the intervention and placebo groups 

respectively. Medication adherence was 

monitored using indirect methods which 

included record taking, Morisky-8 

Medication Adherence Scale, pill counts, 

and telecommunication systems (21, 22). 

The participants and their parents were 

blinded in this study. 

2-5. Laboratory analysis 

In all the participants who were recruited, 

microalbuminuria and serum creatinine 

were consecutively determined at baseline 

and monthly for 3 months after 

commencement of medications. Urinary 

albumin was determined by 

immunoturbidimetric method using 

IchromaTM MAU-25 and IchromaTM Reader 

(Boditech Med Inc., Gang-won-do Korea, 

PFR14K212338); while serum and urine 

creatinine were determined by modified 

Jaffe’s reaction using Chemray 240 auto 

chemistry analyzer (Agape Diagnostics, 

Switzerland and GmbH) (23). Albumin-

creatinine ratio (ACR) was calculated using 

the urine albumin concentration (mg/L) and 

urine creatinine (g/L). Albumin creatinine 

ratio of 30-300mg/g and ACR < 30mg/g 
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were classified as microalbuminuria and 

normoalbuminuria respectively (24), while 

GFR was derived from the serum creatinine 

using Schwartz formula (25). 

2-6. Data analysis 

Data were analyzed using SPSS version 

23.0 (IBM, USA). Categorical variables 

(sex, age group, socio-economic status) 

were expressed in percentages and 

proportions while means and standard 

deviations were calculated for continuous 

variables (microalbuminuria GFR). 

Independent t-test (for differences in means 

between two independent groups), paired t-

test (for differences in means in the same 

subjects), and Pearson correlation were 

used to determine the correlation between 

continuous variables while Chi-square test 

was computed to determine the level of 

statistical significance between categorical 

variables. P-value of <0.05 was considered 

to be statistically significant. 

 

 

Fig.1: Summary of study protocol. 
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Fig.2: CONSORT 2010 Flow Diagram. 

3- RESULTS 

       A total of 170 children with SCA and 

microalbuminuria were recruited into the 

study. Eleven children (six in the 

intervention group and five in the placebo 

group) were lost to follow- up while one 

child in the intervention was excluded from 

the study following the report of dizziness 

with intake of lisinopril. At baseline, data of 

170 children with microalbuminuria were 

analyzed; while at 1, 2, and 3 months, the 

data of 158 remaining children were 

analyzed. The intervention group comprised 

42 (49.4%) males and 43 (50.6%) females, 

M: F =1:1; while the placebo group 

comprised 45 (52.9%) males and 40 

(47.1%) females, M: F= 1.1: 1, (p= 0.759). 

The mean ages of intervention and placebo 

group were 9.07±4.74 years and 7.64±4.88 

years respectively, (p=0.054). The 

difference in proportions of male and 

females was not significant, (p=0.463) 

(Table.1). The mean ACR at baseline and 

after 3 months of medication administration 

was 134.2±72.5 mg/g and 6.5±1.1 mg/g in 

the intervention group, while the mean 

ACR at same periods was 107.6±58.0 mg/g 

and 7.9±1.1 mg/g in the placebo group. 

There was a significant reduction in the 

mean microalbuminuria in both groups at 

the end of the study although the reduction 

in the intervention group when compared to 

the placebo group was higher (p= 0.001) 

(Table.2). At the end of the study, 

microalbuminuria was found in a 
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significantly higher proportion of children 

in the placebo group when compared to 

those in the intervention group (37.5% vs. 

15.4%, p = 0.001) (Table.3 and Figure.3). 

The mean GFR at baseline and after 3 

months of medication administration was 

122.0±35.6 ml/min/1.73 m2 and 115.4±26.3 

ml/min/1.73m2 (p= 0.001) in the 

intervention group, while the mean GFR 

was 121.0±35.6 ml/min/1.73 m2 and 

117.0±33.9 ml/min/1.73m2 in the placebo 

group (p=0.094) (Table.4). 

 

Table-1: Socio-demographic characteristics of study subjects in both intervention and placebo groups 

(n=170). 

Variables 
Intervention (n = 85) 

Number (%) 
Placebo (n = 85) 

Number (%) 
P-value ǂ 

Age group, years 

1 – 5 22 (25.8) 35 (41.1)  

6 – 10 33 (38.8) 22 (25.9) 0.463 

11 – 15 15 (17.7) 23 (27.1)  

16 – 18 15 (17.7) 5 (5.9)  

Gender 

Male 42 (49.4) 45 (52.9) 0.759 

Female 43 (50.6) 40 (47.1)  

Social class 

High 21 (24.7) 24 (28.2)  

Middle 23 (27.1) 21 (24.7) 0.859 

Low 41 (48.2) 40 (47.1)  

 ǂ Chi square P-value. 

   Table-2: Mean ACR and GFR of study subjects at baseline, 1, 2, and 3 months. 

Variables Intervention (Mean ± SD) Placebo (Mean ± SD) P-value ǂ 

Microalbuminuria (mg/g) 

Baseline 134.2 ± 72.5 107.6 ± 58.0 0.009 

1 month 7.6 ± 1.6 11.5 ± 2.9 <0.001 

2 months 7.0 ± 1.4 8.0 ± 2.1 0.176 

3 months 6.5 ± 1.1 7.9 ± 1.1 0.001 

GFR (ml/min/1.73m2) 

Baseline 122.0 ± 35.6 121.0 ± 35.6 0.789 

1 month 117.8 ± 29.3 117.5 ± 30.2 0.822 

2 months 121.0 ± 38.6 114.2 ± 32.6 0.829 

3 months 115.4 ± 26.3 117.0 ± 33.9 0.055 

SD: Standard deviation; GFR: Glomerular filtration rate; ACR: Albumin to Creatinine Ratio, ǂ Independent t-

test P-value.  

  Table-3: Microalbuminuria categories at 1, 2 and 3 months. 

Variables 
Intervention (n = 78) 

Number (%) 

Placebo (n = 80) 

Number (%) 
P-value† 

1 month 

Microalbuminuria 4 (5.1) 32 (40.0) 0.001 

Normoalbuminuria 74 (94.9) 48 (60.0)  

2 months 

Microalbuminuria 12 (15.4) 19 (23.8) 0.248 

Normoalbuminuria 66 (84.6) 61 (76.2)  

3 months 

Microalbuminuria 12 (15.4) 30 (37.5) 0.001 

Normoalbuminuria 66 (84.6) 50 (62.5)  

  †Chi square P- value.  
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Table-4: Comparison of mean GFR at baseline and at the end of the study in participants. 

Study period Intervention (Mean ± SD) Placebo (Mean ± SD) 

Baseline 122.0 ± 35.6 121.0 ± 35.6 

3 months 115.4 ± 26.3 117.0 ± 33.0 

P-value† 0.001 0.094 

  GFR: Glomerular filtration rate; SD: Standard deviation; †Paired t-test P-values. 
 
 

 
Fig.3: Trend of microalbuminuria over 3 month’s study. 

 

 

4- DISCUSSION 

        In this study, we aimed to determine 

whether ACEIs reduces microalbuminuria 

in children with SCA and compare this 

effect with the use of placebo, the 

proportions of intervention group with 

decrease in microalbuminuria at 1 and 3 

months were higher than the placebo 

group. This is similar to findings by 

Foucan et al. (13), Aoki et al. (16), Falk et 

al. (17), Mckie et al. (26), and Fitzhugh et 

al. (27). At the end of this study, the 

percentage regression (subjects without 

microalbuminuria) was 84.6% in the 

intervention group. This is similar to Aoki 

et al.’s study (16) that reported regression 

in 75% of adults with SCA and 

macroalbuminuria. The slight difference in 

the regression rate might be because Aoki 

et al. studied adult populations and the fact 

that the participants had persistent 

macroalbuminuria was confirmed on 3 

separate occasions, 15-30 days apart 

before the commencement of enalapril 

unlike in this study where lisinopril was 

commenced after one episode of 

microalbuminuria was demonstrated. 

Mckie et al. (26) reported a regression rate 

of 56% in children with SCA and 

macroalbuminuria. This lower regression 

rate might be because the participants in 

the study had macroalbuminuria, which is 

evidence of severe form of kidney damage 

compared with microalbuminuria in this 

current study. The persistent 

macroalbuminuria in the participants in the 

study by Mckie et al. (26) could also 

explain the lower regression rate. This is 

because persistent macroalbuminuria 
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suggests prolonged kidney impairment. 

Foucan et al. (13) reported lower 

regression rate of 37% and 17% in 

treatment and control group respectively. 

However, the study was conducted on 

adults who had persistent albuminuria, 

which probably explains the lower 

regression rates obtained. The regression 

of microalbuminuria seen in the placebo 

group in this study was to a lower degree 

than that demonstrated in the intervention 

group. This may be attributed to 

spontaneous regression. Mckie et al. and 

Perkin et al. (26, 28) have reported similar 

spontaneous regression.  Whereas Perkin 

et al. (28) reported spontaneous regression 

in 40-60% of patients with initial 

microalbuminuria; Mckie et al. (26) 

demonstrated spontaneous regression of 

albuminuria in 62.1% of children with 

initial albuminuria during the recruitment 

phase (28). Children with initial 

microalbuminuria rather than persistent 

microalbuminuria were the subjects in the 

current study. Foucan et al. (13) reported 

progression of microalbuminuria in the 

placebo group. This may be because adults 

with SCA who might have prolonged 

damage to the kidney were the subjects in 

the study. This explains the reason the 

subjects in Foucan et al.’s study had 

persistent microalbuminuria,which is 

evidence of prolonged and severe damage 

to the kidney unlike in the Mckie et al. 

study (28), and this study. Another 

possible explanation for the regression of 

microalbuminuria seen in the placebo 

group in the current study may be 

attributed to the antioxidant effect of 

Vitamin C used as placebo in this study. 

Oxidative stress and increased 

inflammatory markers have been shown to 

contribute to the renal damage in SCA 

(29). Thus, the Vitamin C would have 

mopped up the inflammatory markers in 

the placebo group contributing to the 

regression demonstrated. At the end of this 

study, the mean glomerular filtration 

rate (GFR) of the intervention and the 

placebo group were less than the baseline 

GFR, though still within the normal range.  

The mean GFR change observed in the 

intervention group was higher than the 

placebo group. This is however not 

surprising as hyperfiltration has been 

postulated as one of the mechanisms of 

microalbuminuria (30). Increased GFR 

(hyperfiltration) is one of the early 

manifestations of kidney damage in 

children with SCA, it causes 

hyperfiltration injury to the kidney and 

over time leads to microalbuminuria, both 

causing progression to advanced kidney 

damage (12, 30). The implication of this is 

that normal GFR in SCA patients with 

microalbuminuria may indicate already 

progressing kidney damage. Early 

administration of Lisinopril, which will 

cause reduction of high GFR 

(hyperfiltration) that would have led to 

further hyperfiltration injury, will thus be 

useful in children with SCA, 

microalbuminuria, and hyperfiltration.  

4-1. Study Limitations  

The use of vitamin C as a placebo in this 

study was a limitation. It would have been 

more appropriate to use a placebo 

indistinguishable from Lisinopril and that 

has no renal protective effect.  

5- CONCLUSION 

       Lisinopril causes significant complete 

regression of initial microalbuminuria in 

children with SCA. More studies on the 

effects of Vitamin C in children with SCA 

and persistent microalbuminuria are highly 

recommended. 
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