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ABSTRACT 
The objective of the study was to determine the utility of serum NGAL as a biomarker for 

acute kidney injury in patients admitted into medical wards. Sixty consecutive adult patients 
presenting with suspected acute kidney injury at Parirenyatwa Hospital, Harare, Zimbabwe and 
admitted for at least three days were enrolled. Participants were enrolled if they were above 18 years 
but < 50 years, had serum urea >6.7mmol/l and/or creatinine >131µmol/l and had either oliguria or 
anuria. Patients were excluded if they had a history of chronic hypertension, chronic kidney disease, 
any malignancy or diabetes. The mean serum NGAL levels in patients were 653.3ng/ml and the 
mean eGFR was 9.7ml/min. There was a statistically significant correlation between NGAL and urea 
or creatinine (r=0.85; r= 0.46 respectively). A significant inverse correlation was observed between 
NGAL and eGFR (r= -0.97). There was an association between NGAL levels and dialysis 
requirement (OR=1.02, 95% CI (1.01 – 1.24), p=0.0008). A NGAL concentration of greater than 
600ng/ml was highly predictive of RRT with an area under curve of 0.64. Indications from the study 
are that NGAL is a suitable biomarker for AKI because it correlates closely with renal function and 
allows timely identification of high risk patients to allow potentially beneficial therapies to be 
initiated early in the disease process. NGAL is also a suitable candidate for use in the estimation of 
glomerular filtration rate. 
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INTRODUCTION 

The incidence of acute kidney injury (AKI) is increasing globally, affecting about 40% of all 

critically ill patients in whom AKI is an independent predictor of mortality and morbidity. The 

overall mortality rate among patients with AKI has remained high amongst hospitalised and 

intensive care patients despite significant advances in medical care. However, the successful 

translation of promising clinical treatments for AKI has been hindered by lack of early, accurate and 

reliable indicators of injury. 1-3 

In Zimbabwe, clinicians over the years continue to base their diagnosis of AKI on serum urea 

and creatinine measurements. Serum creatinine and its derived estimates of glomerular filtration rate, 

though considered the gold standard for diagnosis of renal failure is fraught with challenges. The 

wide reference range for serum creatinine makes it difficult to detect early renal disease and requires 

at least 50% decrease in GFR to detect any changes in the serum creatinine concentration. In 

addition, measurement of creatinine by the Jaffe method is subject to numerous analytical 

interferences such as bilirubin, certain antibiotics and ketones. Serum creatinine is also affected by 

muscle mass and a high protein diet. Therefore, its ability to detect early kidney injury is limited. 2, 3 

Over the last decade, intensive investigative efforts have led to the identification and 

characterization of several urinary and serum markers that appear to be more sensitive and specific 

for kidney injury. Most notable are N-acetyl-β-(D)-glucosaminidase, neutrophil gelatinase associated 

lipocalin, kidney injury molecule-1, interleukin-18, and liver-type fatty acid binding protein. Further 

assessment is needed to fully determine the clinical utility of these markers, although there is much 

enthusiasm that they will enhance the understanding of kidney pathophysiology and aid in the 

development of early targeted interventions to ameliorate injury and prevent functional decline. 

Among these, is neutrophil gelatinase associated lipocalin (NGAL) reported to be a highly sensitive, 

specific, and predictive, early biomarker for AKI in a wide range of different disease processes. 4  

Human NGAL, a member of the lipocalin superfamily, is a 25 kDa protein that is covalently 

bound to gelatinase in neutrophils and expressed at low concentrations in normal kidney, trachea, 

lungs, stomach, and colon. At these sites, NGAL plays a critical role in host innate immune response 

by inhibition of iron-binding molecules that are important to specific bacteria. Neutrophil gelatinase 

associated lipocalin expression is induced in injured epithelia, especially the kidney.  The NGAL 

accumulates within two distinct pools, namely a systemic and a renal pool. It has been demonstrated 

that AKI results in increased NGAL mRNA expression in organs such as the liver and spleen, and 

the over-expressed NGAL protein is released into the circulation. Furthermore, any decrease in 
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glomerular filtration rate resulting from AKI would further decrease the clearance of NGAL, with 

accumulation in the blood stream. 5-7 

A number of studies have demonstrated the utility of early NGAL measurements for 

predicting the severity and clinical outcomes of AKI 4, 8, 9, 10, 11. In a prospective study of children 

undergoing elective cardiac catheterization with contrast administration, both urine and plasma 

NGAL predicted contrast-induced nephropathy within 2 hours after contrast administration. Both 

urine and plasma NGAL were very valuable predictors of AKI in children, with an area under the 

curve (AUC) of the ROC of over 0.9 for the 2–6 hour urine and plasma NGAL measurements. 8 In 

studies on adults administered with contrast, an early rise in both urine (4 hour) and plasma (2 hour) 

NGAL was documented, in comparison with a much later increase in plasma cystatin C levels (8–24 

hours after contrast administration), providing further support for NGAL as an early indicator of 

contrast nephropathy. 12, 13 However, the majority of these studies were centred on surgical patients. 

The present study assessed the clinical utility of NGAL in early discrimination of AKI suspects 

requiring dialysis from those that did not require renal replacement therapy.  

MATERIALS AND METHODS 
In this cross sectional study, 60 consecutive patients with suspected AKI were recruited from 

Parirenyatwa Hospital Emergency Department from November 2013 to April 2014. To be eligible 

patients had to subsequently be admitted into medical wards at the same hospital. Provisional 

diagnosis of AKI in these patients at presentation was based on clinical examination, renal function 

tests as well as findings of renal ultrasonography. 

Participants 
After written informed consent was sought and granted from each participant, a minimum 

100µl deidentified serum samples was aliquoted and stored at -70oC from the routine blood 

specimens collected as part of routine patient care on day of admission. These samples were only 

thawed once on the day of   NGAL measurements. Participants were followed up three days post 

admission to ascertain clinical decisions regarding dialysis initiation. Medical and demographic data 

was abstracted from participant medical records.  

Laboratory analysis 
The NGAL assay was carried out using a sandwich enzyme linked immunosorbent assay 

(ELISA) technique using reagents provided by Quantikine R& D International USA (14). Urea and 

creatinine were measured on the AU680 Beckman analyser using colorimetric methods 15,16 whilst 
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serum electrolytes were measured on the same analyzer using direct ion selective electrodes. The 

glomerular filtration rate for all subjects was calculated using the MDRD equation 17. 

Ethics 
Ethical approval was sought and granted by the Joint Research Ethics Committee (JREC) of 

the University of Zimbabwe College of Health Sciences and Parirenyatwa hospital and also from the 

Medical Research Council of Zimbabwe.  

Statistics 

Statistical analysis was done using R version 2.15.1. A two sample t-test for continuous 

variables and Chi- squared test were used to determine if there were significant differences between 

AKI cases and controls in the study. Spearman’s correlation coefficient test was used to determine if 

there were significant correlations between NGAL and the conventional biomarkers. Multiple 

logistic regression analysis was performed to ascertain the biomarker more predictive of disease 

severity and dialysis requirement. The diagnostic utility of NGAL was determined by plotting ROC 

(receiver operating characteristic curves) using SPSS version 17.  

RESULTS 

Clinical characteristics of AKI patients 
The mean NGAL levels for AKI patients and health subjects were 653.3ng/ml and 75.8ng/ml 

respectively. There were significant differences in biomarker concentration between the two groups, 

p<0.0001 (Table I). 
Table I: Characteristics of patients and respective variables 

 
Variable 

 
AKI Patients 

Sex(F,M) 29        ;     31 
Age(mean;sd) 37.2     ;    7.0 
Urea(mean;sd) 33.1     ;    23.0 
Creatinine(mean;sd) 977.2   ;   816.4 
Sodium(mean;sd) 131.  7 ;   5.6 
Potassium(mean;sd) 4.9       ;    0.9 
eGFR(mean;sd) 9.7       ;    6.6 
NGAL(mean;sd) 653.3    ;  219.9 
  

 

Association between NGAL and conventional kidney function tests 

There was a moderate statistically significant positive correlation between serum levels of NGAL 

and creatinine.  (r=0.46, p<0.0001;  
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Figure I: Scattergram of serum NGAL levels and serum creatinine concentration 

 

Figure II: Scattergram of  serum NGAL levels and serum urea concentration 

There was a highly statistically significant positive correlation between NGAL and urea (r=0.85, 
p<0.0001;  
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Figure III: Scattergram of serum NGAL levels and eGFR 

There was a very strong negative correlation between NGAL and log transformed eGFR (r= -0.97, 
p<0.001; Figure III). 

NGAL levels and severity of illness 

The AKI patients were stratified into two groups based on dialysis requirement decision. 

There were no statistically significant differences between participants requiring dialysis and those 

not requiring dialysis in terms of sex potassium and age .However, there were statistically significant 

differences between the two groups in mean NGAL, urea, creatinine, sodium and eGFR levels (Table 

II). Dialysis patients had higher serum levels of NGAL, urea, creatinine and lower eGFR levels. 

(Figure IV). 

Table II: Characteristics of Dialysis patients (AKI + D) and none Dialysis requiring (AKI–) patients 

 
Variable 

Clinical outcome P-value 
AKI + D AKI -D 

Sex(F,M) 18,12 11,19 0.1211 
Age 38.1 36.3 0.3161 
Urea(mean) 45.0 21.2 <0.0001*** 
Creatinine(mean) 1449.5 520.6 <0.0001 *** 
Sodium(mean) 129.7 133.9 0.0025** 
Potassium(mean) 5.0 4.7 0.3471 
eGFR(mean) 5.0 14.4 <0.0001*** 
NGAL(mean) 826.5 480.1 <0.0001*** 
    

 

Dialysis patients had higher serum levels of NGAL, urea, creatinine and lower eGFR levels. (Figure 
VI). 
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Figure IV: Boxplots-By dialysis requirement 

NGAL and prediction of clinical outcome 
Univariate logistic regression was done to determine association between each predicting 

variable (age, sex, urea, creatinine and NGAL) and the clinical outcome of severe AKI requiring 

dialysis or none severe AKI. Results showed that urea (OR=1.11, 95% CI (1.05 – 1.19) p=0.0013), 

creatinine (OR=1.01, 95% CI (0.65 – 3.72) p=0.0007) and NGAL levels (OR=1.02, 95% CI (1.01 – 

1.24) p=0.0008) in patients are the only variables significantly associated with clinical outcome 

(Table III). 
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Table III: Univariate Logistic Analysis by dialysis requirement status 

Variable Odds 95% CI p-value 
Age 1.04 0.64 – 4.80 0.319 
Sex(M) 0.39 0.32 - 4.02 0.0732 
Urea 1.11 1.05 – 1.19 0.0013 
Creatinine 1.01 0.65 – 3.72 0.0007 
NGAL 1.02 1.01 – 1.24 0.0008 

 

The best models for dialysis initiation were creatinine and NGAL. Fitting these two factors 

into the multiple logistic regression NGAL had statistically significant predictor of dialysis 

(OR=1.02, 95% CI (0.98 - 1.13) p = 0.009; Table IV) as compared to creatinine (OR=1.00, 95% CI 

(0.32 - 4.02) p=0.989). 

Table IV: Multiple Logistic regressions by dialysis requirement status 

Variable Odds 95% CI p-value 
Main effects    
NGAL 1.02 0.98 - 1.13 0.009 
Creatinine 1.00 0.32 - 4.02 0.989 

 

Diagnostic Accuracy of NGAL for AKI severity 
The diagnostic accuracy of NGAL was evaluated by calculating the area under the curve 

(AUC). The eGFR was used as the state variable and the value of the state variable was chosen at 

10ml/min indicating the true category to which a subject belongs (AKI+ D or AKI-D).  

 

Figure V: ROC curve indicating area under curve for NGAL 

Figure V indicates an area under curve for NGAL of 0.64 (95% CI 0.41- 0.88).The value 

demonstrates that NGAL is an acceptable biomarker for the prediction of AKI severity. 
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DISCUSSION 

In this study of patients presenting to the emergency department at Parirenyatwa Hospital 

with acute renal dysfunction, NGAL demonstrated to be a valuable predictor of AKI and disease 

severity. 

The study revealed a high concentration of NGAL in AKI patients. The mean level of NGAL 

in patients was 653.3ng/ml. This study provides substantial support to previous findings. Studies in 

children who underwent elective cardiac surgery revealed a tenfold or more increase in urine and 

plasma NGAL by ELISA method in those who developed AKI. 18 Similar results were obtained in 

adults who developed AKI after cardiac surgery with contrast administration. 19 

Of the 60 AKI patients, 51.7% had greater severity of kidney dysfunction and needed the 

assistance of dialysis whilst the condition of the other 48.3% patients did not warrant such a measure. 

Higher levels of NGAL (greater than 600ng/ml) on admission were highly predictive of need for 

renal replacement therapy with 90.3% of the patients requiring dialysis.  

In this regard, a number of studies have demonstrated the utility of NGAL measurements for 

predicting the severity and clinical outcomes of AKI. 20 In children with severe sepsis, plasma 

NGAL measurements predicted the severity of AKI and dialysis requirement with high sensitivity 

(AUC-ROC: 0.72). 21 In adult patients with out of hospital cardiac arrest, NGAL was able to predict 

AKI, 30 day survival and good neurological outcome with AUC-ROC of 0.81, 0.72 and 0.72 

respectively at 95% CI. 22 Studies conducted in the cardiac surgery setting have identified NGAL as 

a good clinical outcome and mortality marker with an overall ROC curve area of 0.71. 23 

In addition to these studies, this study has demonstrated that plasma NGAL levels have a 

relatively good predictive value for AKI severity at patient presentation with AUC- ROC of 0.64 

with 95% CI of (0.41- 0.88). However, the slight differences between this study and those studies 

could be due to the fact that the current study was conducted in a clinical setting in which the actual 

timing of the renal insult was unknown. In addition, differences in sample sizes could have 

contributed to the differences in predictive power of NGAL. Previous studies have also identified 

age as a contributing factor to NGAL’s performance as an AKI biomarker with better predictive 

ability in children than adults 24 which was not part of the investigation in this study. Lastly, the 

diagnostic accuracy of NGAL is determined by the definition of AKI employed as well as the 

severity or stage of AKI. 25 In the present study, the baseline creatinine values for AKI patients were 
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not known and AKI was defined by standard laboratory parameters whereas previous studies defined 

AKI using the RIFLE criteria which depended on baseline creatinine values.  

In assessing the correlation between serum NGAL and conventional renal function tests, a 

closer relationship was established between NGAL and eGFR (r= -0.97) than with creatinine (r= 

0.46). This implies that NGAL levels are a true reflection of the glomerular filtration rate which is 

the cornerstone for assessment of renal function. This is consistent with findings of a study done by 

Mitsnets and colleagues 26 who reported that plasma NGAL correlated better with eGFR than with 

serum creatinine and cystacin C.  

The study has made positive revelations. Firstly, it has demonstrated that plasma NGAL 

remained diagnostic even when the timing of injury was unknown, making it a useful indicator of 

kidney injury for many clinical presentations. In addition, NGAL has proved to be a good prognostic 

marker because admission levels were predictive of need for RRT. This research is one of the very 

few studies that have examined the predictive value of NGAL in plasma. The majority of biomarkers 

for AKI so far are measured in urine 4. The advantages of using urine samples are that the sampling 

procedure is non-invasive and the self-testing kits can be easily made available. However, specimen 

collection can be difficult in patients with oliguria or anuria and quantitation of the 24 hr urine 

output.  

Although the data obtained from the research was of great significance, it was a single centre 

study and in future will certainly need to be validated in larger settings to get a better representation 

of the general population. In addition to NGAL, simultaneous examination of other urinary 

biomarkers as predictors of AKI may be informative 27. Lastly, our study relied on a single 

measurement of NGAL due to financial constraints. Follow up measurements of NGAL in renal 

failure patients could evaluate the performance of NGAL in monitoring response to AKI 

intervention. 

CONCLUSION 
The information obtained from the research makes an important contribution to the current 

body of literature on NGAL and AKI. From our findings, it can be concluded that NGAL is a useful 

marker for the diagnosis of AKI. It is also an early predictor of need for renal replacement therapy 

and correlates with AKI severity. Timely identification of AKI patients and those who may require 

dialysis will allow early targeted therapy of high risk patients before progression to irreversible 

kidney damage (chronic renal failure). 
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