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A B S T R A C T

Background: Acute kidney injury (AKI) is routinely diagnosed by creatinine-based guidelines, which is sub-optimal
marker after injury due to renal and non-renal factors. This has necessitated the need for more specific and
sensitive biomarkers for early detection of AKI in at risk patients. This prospective cross-sectional study used the
biomarkers of cell cycle arrest and Neutrophil Gelatinase Associated Lipocalin (NGAL) to assess AKI among
hospitalized patients.
Methods: We conveniently enrolled 151 in-patients at the Trauma and Specialist Hospital, Winneba in Ghana.
Socio-demographic and clinical information were collected using structured questionnaires. Blood samples were
collected for the estimation of serum creatinine, and AKI diagnosed and staged using the KDIGO guideline. Fresh
urine samples were collected and urinary NGAL, TIMP-2 (tissue inhibitor metalloproteinase 2) and IGFBP-7
(insulin-like growth factor binding protein 7) were estimated using ELISA kits.
Results: The cell cycle arrest biomarkers and NGAL were significantly (P < 0.001) higher among participants with
AKI than those without AKI. [TIMP-2]*[IGFBP-7] showed the best diagnostic performance (AUC ¼ 0.94, CI ¼
0.90–0.98) followed by [IGFBP-7]*NGAL] (AUC ¼ 0.93, CI ¼ 0.87–0.99), with NGAL having the least (AUC ¼
0.62, CI ¼ 0.46–0.78). The cut-off for [TIMP-2]*[IGFBP-7] showed the best predictive ability (95.8% sensitivity,
77.2% specificity, 44.2% PPV and 99% NPV). The cut-off for NGAL, on the other hand, showed the least pre-
dictive ability (62.5% sensitivity, 42.5% specificity, 17.0% PPV and 85.7% NPV).
Conclusion: Tissue inhibitor metalloproteinase 2 (TIMP-2) and insulin-like growth factor binding protein 7
(IGFBP7) best predicts the development of AKI, and can be used in high risk patients for early diagnosis of AKI.
1. Introduction

Acute kidney injury (AKI) is a major complication that contributes to
morbidity and mortality especially in critically ill people. The burden of
AKI is most significant in developing countries with limited resources
for the care of patients once the disease progresses to chronic kidney
disease (CKD) or kidney failure necessitating renal replacement therapy
[1]. It is therefore crucial to address the case of developing countries in
the detection of AKI in its early and potentially reversible stages.
Routinely, AKI is diagnosed by the creatinine-based guidelines, which
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solely rely on an increase in serum creatinine or decrease in urine
volume guidelines [2, 3]. Unfortunately, creatinine is a sub-optimal
marker after injury, since levels are often not reflective of glomerular
filtration rate (GFR) due to renal and non-renal factors that affect
creatinine levels [4]. The diagnosis of AKI may also be delayed or
missed in persons with significant fluid shifts or fluid overload [5, 6].
Furthermore, these guidelines require baseline kidney function which is
not always available and has led to use of various surrogate estimates
such as admission creatinine or back-calculating a baseline creatinine in
patients. These methods can, however, inflate or reduce the incidence of
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AKI in hospitalized patients [2]. There is therefore the need for more
specific and sensitive biomarkers for early diagnosis of AKI and pre-
diction of severity of injury. Highly sensitive biomarkers will help
physicians initiate early treatment and also help pharmaceutical in-
dustries develop better drugs to manage the condition. Also, knowledge
on the aetiology of the injury will improve management of affected
patients [7].

Several new biomarkers have been developed that enables detection
of subtle changes in kidney function before serum creatinine increases
and identifies sub-clinical AKI. Tissue inhibitor metalloproteinase 2
(TIMP-2) and insulin-like growth factor binding protein 7 (IGFBP7) are
markers of cell cycle arrest, depicting stress (before injury) that proceeds
the development of AKI [8]. NGAL gene is also known to be up-regulated
more than tenfold during the first few hours following ischemic kidney
injury in an animal study [9]. Though significant progress has been made
in the discovery and validation of these biomarkers, their clinical use is
uncertain. In addition, most of the studies which examined the clinical
utility of these biomarkers were conducted in developed countries with
few studies done in Africa. Also, to the best of our knowledge, this study
is the first study to use the cell cycle arrest biomarkers to examine AKI in
Ghana, and Sub-Saharan Africa to a larger extent. It is therefore,
imperative to evaluate biomarkers of cell cycle arrest (TIMP-2 and
IGFBP-7) and NGAL to assess AKI among general hospitalized patients in
Ghana.
2. Materials and methods

2.1. Study design and site

This hospital-based prospective cross-sectional study was conducted
from June, 2017 to February, 2018 at the Trauma and Specialist Hos-
pital in the Effutu municipality of Ghana. According to the 2010 Pop-
ulation and Housing Census, the Effutu Municipality has a population of
68,592 representing 3.1% of the region’s total population. Most (93.3%)
of the population in the municipality live in urban communities [10].
The hospital serves as the Central Regional hospital providing Trauma,
Orthopedic and general healthcare to people in Winneba and the region
as a whole.
Figure 1. Schematic rep
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2.2. Study participants

Participants for this study included both males and females admitted
to the various wards of the hospital. One hundred and eighty (180) in-
patients were initially enrolled into the study using convenience sam-
pling. However, blood samples after 48-hours of admission were not
obtained from 29 of them, hence withdrawn from the study. Finally, one
hundred and fifty-one (151) consenting in-patients admitted at the
various wards of the hospital were used for the study.

2.2.1. Exclusion criteria
Patients who did not consent to participating in the study, those with

chronic kidney disease and patients with baseline end stage renal disease
(ESRD) were excluded from the study.

2.2.2. Ethical consideration
Ethical approval was sought from the Ethics Committee of the hos-

pital and The Committee on Human Research, Publication and Ethics,
School of Medical Sciences, Kwame Nkrumah University of Science and
Technology (CHRPE/AP/464/17) before commencing the study.
Informed written consent was sought from each participant before col-
lecting their data and samples. Participants were informed that they are
free to withdraw from the study at any time without affecting their pa-
tient care. Figure 1 denote the schematic representation of study.
2.3. Socio-demographic data and clinical history

Information on age, gender, ethnicity, occupation, medication used,
diagnosis, co-morbidities, and length of hospital stay and outcome were
obtained through interview and from patient’s medical records using a
structured pre-tested questionnaire.
2.4. Measurement of blood pressure

Blood pressure of the participants were measured by trained
personnel using a mercury sphygmomanometer (ACCOSON, England)
after patients have rested for 5 min [11]. The mean values of duplicate
measurements were recorded.
resentation of study.
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2.5. Blood sample collection

Three (3) ml of venous blood sample was collected from each partic-
ipant within 7 days into a serum gel separator tube (Micropoint Di-
agnostics; Reference KJ040AS). After centrifugation of samples at 1500 g
for 5min, the serumwas stored in cryovials at�80 �C(ThermoScientific™
Revco™ UxF -Ultra-Low Temperature Freezers, USA) until assayed.

2.5.1. Diagnosis and staging of AKI
The serum creatinine levels of the serum samples were measured

using Pentra C200 automated chemistry analyzer (Horiba ABX SAS,
34184 Montpellier Cedex 4, France). For participants without pread-
mission serum creatinine concentration, baseline serum creatinine was
calculated using the MDRD equation assuming a GFR of 75 ml/min/
1.73m2. AKI was diagnosed and staged using the KDIGO guideline [12].
2.6. Estimation of biomarkers

Fresh urine samples were collected within 24 h of admission from
each patient, centrifuged and the supernatant stored at -80 �C until
assayed. Commercially available sandwich ELISA kits were used to esti-
mate urinary NGAL, TIMP-2 and IGFBP-7 using microplate reader
(Mindray MR-96A; Shenzhen Mindray Bio-medical electronics Co., Ltd,
China) using commercial.

A combination of the biomarkers ([TIMP-2]*[IGFBP-7]; [TIMP-2]*
[NGAL]; [IGFBP-7]*[NGAL] in (ng/ml)2/1000) was calculated by
multiplying the biomarkers and dividing by 1000.
2.7. Statistical analysis

Collected data were stored in Microsoft Excel and analyzed using
GraphPad prism version 5.0 (GraphPad software, San Diego California
USA, www.graphpad.com) and the Statistical Package for Social Sciences
(SPSS) Version 21.0 (Chicago IL, USA). Categorical data were expressed
Table 1. General characteristics of study participants.

Parameters Total (N ¼ 151)

n (%)

Age (years) (Mean ± SD) 38.00 � 13.31

Age group (years)

20–34 70 (46.4)

35–49 51 (33.8)

50–64 24 (15.9)

65–79 2 (1.3)

�80 4 (2.6)

Ward

A/E 29 (19.2)

Maternity 20 (13.2)

Male ward 36 (23.8)

Female ward 45 (29.8)

Trauma & Orthopedic 21 (13.9)

BP

Optimal 93 (61.6)

Normal 26 (17.2)

Pre-hypertension 11 (7.3)

Hypertension 15 (9.9)

ISH 6 (4.0)

SBP 116.49 � 16.58

DBP 76.05 � 11.40

Baseline Creatinine (μmol/l) 76.05 � 11.40

Values are presented as frequency, n (%) or Mean � SD. Chi-square was used to comp
difference; A/E: Accident and Emergency; BP: Blood Pressure; ISH: Isolated systolic hy
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in numbers and percentages while continuous data were expressed as
Mean � SD. Chi square test was used to compare proportions of cate-
gorical variables. Independent sample t-test was used to compare mean
biomarker levels between participants with AKI and those without AKI.
Mean biomarker levels among the various AKI stages were represented
by mean plots and multiple comparison of means performed using
Tukey’s Post-Hoc test. Pearson’s correlation was used to test the associ-
ation between the various biomarker levels. Receiver operating charac-
teristics (ROC) curve analysis was used to assess the diagnostic
performance of the biomarkers in predicting moderate to severe AKI
(KDIGO stage 2 and 3). The optimal cutoffs of the biomarkers were set at
the best accuracy (area under the curve) value based on the ROC curve
analysis, and their sensitivity, specificity, positive predictive value and
negative predictive value for the optimal cutoff value recorded. The
multivariate logistic regression was used to determine independent as-
sociation between cell arrest markers and AKI. A p-value less than 0.05
was considered statistically significant for all comparisons.

3. Results

A total of 151 participants were included in the statistical analysis.
There was no significant difference in age between males and females (p
¼ 0.854). Majority of the participants were within 20–34 years (46.4%).
Most (29.8%) of them were admitted to the female ward with the ma-
ternity ward having the least number of participants (13.2%). A signifi-
cant difference was found between the proportions of males and females
with respect to ward of admission (P < 0.001). A greater proportion
(61.6%) had an optimal blood pressure, 7.3% had pre-hypertension,
9.9% had hypertension and 4% had isolated systolic hypertension
(ISH) on admission. No significant difference was found in the mean
systolic and diastolic blood pressure between males and females (P >

0.05). Baseline serum creatinine, however, was significantly higher
among the males than the females (P < 0.001) (Table 1).
Male (N ¼ 66) Female (N ¼ 85) P-value

n (%) n (%)

37.78 � 14.78 38.18 � 12.14 0.854

0.153

33 (50.0) 37 (43.5)

21 (31.8) 30 (35.3)

7 (10.6) 17 (20.0)

2 (3.0) 0 (0.0)

3 (4.5) 1 (1.2)

<0.001*

15 (22.7) 14 (16.5)

3 (4.5) 17 (20.0)

36 (54.5) 0 (0.0)

0 (0.0) 45 (52.9)

12 (18.2) 9 (10.6)

0.685

45 (68.2) 48 (56.5)

10 (15.2) 16 (18.8)

4 (6.1) 7 (8.2)

5 (7.6) 10 (11.8)

2 (3.0) 4 (4.7)

114.70 � 15.81 119.18 � 18.53 0.119

75.20 � 9.58 78.00 � 13.32 0.151

111.87 � 27.93 92.35 � 13.91 <0.001*

are between males and females; *p < 0.05 is considered statistically significance
pertension; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; p<0.005.

http://www.graphpad.com


Table 2. Demographic and Clinical Characteristics of Study Participants Strati-
fied by AKI status.

Parameters KDIGO

AKI (N ¼ 44) No AKI (N ¼ 107) P-value

Age (years) 36.84 � 13.13 38.48 � 13.42 0.495

Age group (years) 0.171

20–34 25 (56.8) 45 (42.1)

35–49 9 (20.5) 42 (39.3)

50–64 9 (20.5) 15 (14.0)

65–79 0 (0.0) 2 (1.9)

�80 1 (2.3) 3 (2.8)

Sex 0.420

Male 17 (38.6) 49 (45.8)

Female 27 (61.4) 58 (54.2)

BP 0.020*

Optimal 20 (45.5) 73 (68.2)

Normal 7 (15.9) 19 (17.8)

Pre-hypertension 6 (13.6) 5 (4.7)

Hypertension 8 (18.2) 7 (6.5)

ISH 3 (6.8) 3 (2.8)

SBP (mmHg) 125.45 � 23.37 113.83 � 13.08 <0.001*

DBP (mmHg) 80.11 � 15.64 75.40 � 9.69 0.026*

BP ¼ Blood Pressure; DBP ¼ Diastolic Blood Pressure; SBP ¼ Systolic Blood
Pressure; ISH ¼ Isolated Systolic Hypertension.; p<0.005.

Table 3. Reason for admission of participants in relation to AKI status.

Reason for admission Total AKI No AKI

Diabetes mellitus 14 (9.3) 4 (9.1) 10 (9.3)

Hypertension 18 (11.9) 10 (22.7) 8 (7.5)

Trauma 21 (13.9) 8 (18.2) 13 (12.1)

Malignancy 4 (2.6) 1 (2.3) 3 (2.8)

Hepatitis B 12 (7.9) 8 (18.2) 4 (3.7)

HIV/AIDS 6 (4.0) 0 (0.0) 6 (5.6)

Hepatitis C 2 (1.3) 0 (0.0) 2 (1.9)

Obstetrics & Gynaecological 20 (13.2) 6 (13.6) 14 (13.1)

Unknown 54 (35.8) 7 (15.9) 47 (43.9)

No AKI STAGE 1
0
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107 (70.9%)

20 (13.2%)

Figure 2. AKI stages among study par

Table 4. Mean biomarker levels among participants stratified by AKI status.

Parameters AKI (N ¼ 44) No AKI (N ¼ 107) P-value

TIMP-2 (ng/ml) 36.52 � 35.19 9.99 � 13.90 <0.001

IGFBP-7 (ng/ml) 106.75 � 93.76 25.05 � 43.63 <0.001

NGAL (ng/ml) 87.98 � 114.37 41.57 � 12.31 <0.001

[TIMP-2][IGFBP-7]/1000 (ng/ml)2 5.02 � 7.12 0.40 � 1.08 <0.001

[TIMP-2][NGAL]/1000 (ng/ml)2 4.15 � 7.80 0.36 � 0.44 <0.001

[IGFBP-7][NGAL]/1000 (ng/ml)2 14.37 � 32.67 0.84 � 1.35 <0.001
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Table 2 shows the demographic and clinical characteristics of study
participants in relation to AKI status. Majority (56.8%) of the participants
with AKI were within 20–34 years. AKI was present in 61.4% of the fe-
males and 38.6% of the males. Among the participants with AKI, 13.6%
had pre-hypertension, 18.2% had hypertension and 6.8% had ISH. A
significant difference was found in blood pressure between proportion of
participants with AKI and those without AKI (P ¼ 0.020). Mean systolic
(P < 0.001) and diastolic (P ¼ 0.026) blood pressure were also signifi-
cantly higher among participants with AKI than those without AKI
(Table 2).

Table 3 expatiates on the causes of admission of study participants.
Diabetes mellitus and hypertension were present in 9.3% and 11.9%
respectively of the participants. The diagnosis of majority of them
(35.8%) were unknown. AKI was commonest among participants with
hypertension (22.7%) followed by hepatitis B (18.2%) and trauma
(18.2%). None of the participants with HIV (0.0%) and hepatitis C in-
fections (0.0%) had AKI (Table 3).

Figure 2 illustrates the AKI stage among participants when KDIGO
guideline and RIFLE criteria were used respectively. Stage 1 AKI was
found in 13.2% of the participants, followed by stage 2 (9.3%) and stage
3 (6.6%) (Figure 2).

Table 4 presents mean biomarker levels among participants stratified
by AKI status. The level of biomarkers TIMP-2, IGFBP-7, NGAL, [TIMP-
2]*[IGFBP-7], [TIMP-2]*[NGAL], [IGFBP-7]*[NGAL], were significantly
increased in participants with AKI compared to those without AKI (P <

0.001).
Figure 3 illustrates mean biomarker levels in relation to AKI stages.

Mean levels of TIMP-2, IGFBP-7, [TIMP-2]*[IGFBP-7], [TIMP-2]*
[NGAL], [IGFBP-7]*[NGAL] increased with increasing AKI severity stage
(Stage 3 > Stage 2 > Stage 1 > No AKI). On the contrary, NGAL level
decreased in Stage 2 AKI with a subsequent rise in Stage 3.
STAGE 2 STAGE 3

STAGE

14 (9.3%)
10 (6.6%)

ticipants using KDIGO guidelines.



Figure 3. Mean biomarker levels in relation to KDIGO AKI stage. Graphs present mean plots of biomarkers among various AKI stages. Multiple comparison was
performed using Tukey’s Post-hoc test; *: represents statistical difference from No AKI group; #: represents statistical difference from Stage 1; $: represents statistical
difference from Stage 2.

Table 5. Association between biomarkers and AKI.

Biomarker aOR 95% CI P-value

TIMP-2 1.57 1.35–3.92 0.021

IGFBP-7 4.09 1.32–12.72 <0.001

NGAL 0.82 0.36–1.20 0.802

[TIMP-2]*[IGFBP-7] 7.26 1.64–32.20 <0.001

[TIMP-2]*[NGAL] 1.93 1.46–4.89 <0.001

[IGFBP-7][*NGAL] 2.82 1.93–8.60 0.033

aOR: Adjusted odd’s ratio. p <0.005.

S.A. Sakyi et al. Heliyon 7 (2021) e07960
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After adjusting for sex and age in a multivariate logistic regression,
increasing TIMP2 [aOR (95% CI) ¼ 1.57 (1.35–3.92), p ¼ 0.021], IGFBP
[aOR (95% CI) ¼ 4.09 (1.32–12.72), p < 0.001], [TIMP-2]*[IGFBP-7]
[aOR (95% CI)¼ 7.26 (1.64–32.20), p< 0.001], [TIMP-2]*[NGAL] [aOR
(95% CI)¼ 1.93 (1.46–4.89), p< 0.001], [IGFBP-7][*NGAL] [aOR (95%
CI) ¼ 2.82 (1.93–8.60), p < 0.033] were significantly associated with
increased odds of AKI. However, NGAL was not associated with AKI
(Table 5).

Figure 4 and Table 6 presents the ROC curves and diagnostic per-
formance of biomarkers in predicting AKI stages 2 and 3. [TIMP-2]*
[IGFBP-7] showed the best diagnostic performance (AUC ¼ 0.94, CI ¼
0.90–0.98) followed by [IGFBP-7]*NGAL] (AUC¼ 0.93, CI¼ 0.87–0.99),
IGFBP-7 (AUC ¼ 0.91, CI ¼ 0.4–0.98), [TIMP-2]*[NGAL] (AUC ¼ 0.88,



Figure 4. Receiver Operating Characteristics (ROC) curves of biomarkers in predicting AKI stages 2 and 3.
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Table 6. Diagnostic performance of biomarkers in predicting KDIGO AKI stage 2 and 3.

Biomarkers cut-off AUC Sens (%) Spec (%) PPV (%) NPV (%) P-value

TIMP-2 15.59 0.87 (0.80–0.94) 83.3 74.8 38.5 96.0 <0.001

IGFBP-7 40.68 0.91 (0.4–0.98) 91.7 80.3 46.8 98.1 <0.001

NGAL 39.20 0.62 (0.46–0.78) 62.5 42.5 17.0 85.7 0.065

[TIMP-2]* [IGFBP-7] 0.30 0.94 (0.90–0.98) 95.8 77.2 44.2 99.0 <0.001

[TIMP-2]* [NGAL] 0.65 0.88 (0.80–0.96) 83.3 78.0 41.7 96.1 <0.001

[IGFBP-7]* NGAL] 0.75 0.93 (0.87–0.99) 91.7 74.0 40.0 97.9 <0.001

AUC: Area under Curve; Sens: Sensitivity; Spec: Specificity; PPV: Positive Predictive Value; NPV: Negative Predictive Value. p< 0.005.
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CI ¼ 0.80–0.96), TIMP-2 (AUC ¼ 0.87, CI ¼ 0.80–0.94) and NGAL (AUC
¼ 0.62, CI ¼ 0.46–0.78).

The best predictive cut-off values of the biomarkers were 15.59 for
TIMP-2, 40.68 for IGFBP-7, 39.20 for NGAL, 0.30 for [TIMP-2]*[IGFBP-
7], 0.65 for [TIMP-2]*[NGAL] and 0.75 for [IGFBP-7]*[NGAL]. The cut-
off for [TIMP-2]*[IGFBP-7] showed the best predictive ability (95.8%
sensitivity, 77.2% specificity, 44.2% PPV and 99% NPV). The cut-off for
NGAL, on the other hand, showed the least predictive ability (62.5%
sensitivity, 42.5% specificity, 17.0% PPV and 85.7% NPV).

4. Discussion

This study assessed the use of cell cycle arrest biomarkers and NGAL
in diagnosis of AKI and prediction of moderate to severe AKI (KDIGO
stages 2 and 3) among hospitalized patients. Moderate to severe AKI was
chosen rather than all AKI because this severity has been associated with
significant increase in incidence of clinically important outcomes such as
need for renal replacement therapy, hospital mortality, and persistent
renal dysfunction [13, 14, 15]. Urinary [TIMP-2]*[IGFBP-7] had the best
diagnostic performance in predicting KDIGO AKI stage 2 and 3, with a
best cut-off value of 0.3.

In a discovery and validation study by Kashani et al. [13] in the United
States of America (USA), two cell cycle arrest markers (TIMP-2 and
IGFBP-7) were found to better predict AKI, and increased significantly in
patients with AKI. This is consistent with the significantly higher TIMP-2
and IGFBP-7 among participants who had AKI than those without AKI in
our study. Combination of these cell cycle arrest biomarkers ([TIMP-2]*
[IGFBP-7]) by [13]wasalsohigher in patientswithAKI than thosewithout
AKI, and increased with increasing AKI severity stage. This is also similar
to thefinding of higher [TIMP-2]*[IGFBP-7] level in participants who had
AKI in this study than those without AKI. Also, mean level of [TIMP-2]*
[IGFBP-7] increased asAKI stage increased in this study.Honore et al. [16]
also observed a higher concentration of [TIMP-2]*[IGFBP-7] among
sepsis patientswho developedAKI than thosewhodid not.Wetz et al. [17]
found levels of urinary [TIMP-2]*[IGFBP7] to be higher in the patients
who developed AKI after cardiac surgery than those that did not. TIMP2
and IGFBP7 play a role in the G1 cell-cycle arrest phase during the very
early phases of cellular stress. Renal tubular cells also go through this G1
cell-cycle arrest phase after stress due to a variety of insults. Cell-cycle
arrest signaling is a protective response by multiple cells, but is only
detectable in urine following AKI [18].

NGAL has been found to be expressed on the apical epithelial
membranes of the distal nephron following AKI, and excreted in the
urine through exocytosis [19]. NGAL production has been shown to be
dramatically upregulated following renal injury. In this study, urine
NGAL significantly increased in participants with AKI compared to those
without AKI. De Geus et al. [20] also reported a higher urine NGAL level
among ICU patients who developed AKI than those who did not. Zweirs
et al. [21] found significantly higher urine NGAL levels among critically
ill children who developed AKI. A combination of each of the cell cycle
arrest biomarkers and NGAL ([TIMP-2]*[NGAL] and [IGFBP-7]*
[NGAL]) were significantly increased in participants with AKI compared
to those without AKI. The levels also increased with in increasing AKI
7

severity, indicating its probable use in monitoring progression of the
condition.

Urinary [TIMP-2]*[IGFBP-7] showed the best diagnostic perfor-
mance in predicting moderate to severe AKI (KDIGO stage 2 and 3)
within 24 h of admission, with an AUC of 0.94. A cut-off value of 0.3 was
also found to predict moderate to severe AKI. A study by Hoste et al. [15]
and Kashani et al. [13] also found a cut-off of 0.3 to best predict AKI stage
2 and 3. Kimmel et al. [22] and Gunnerson et al. [23] also obtained a
cut-off of 0.3. However, Honore et al. [16] among sepsis patients, Dusse
et al. [24] among patients who have undergone aortic valve trans-
plantation, Pilarczyk [25] after coronary artery bypass surgery found
higher cut-off values.

In the study by Kashani et al. [13] among intensive care unit patients
in the United States of America (USA), IGFBP7 and TIMP-2 showed an
AUC of 0.76 and 0.79 respectively. However, IGFBP-7 had a higher AUC
(0.91) than TIMP-2 (AUC ¼ 0.87) in this study. Yamashita et al. [26]
observed urinary [TIMP-2] to perform well in predicting severe AKI in
critically ill patients with and without sepsis with a ROC AUC range of
0.81–0.84.The findings in this study indicates a better ability of IGFBP-7
in predicting KDIGO AKI stage 2 and 3 than TIMP-2 in our setting.

Urinary NGAL had the least predictive ability with an AUC of 0.62.
Kashani et al. [13] also found NGAL to have the least predictive ability
when compared to the cell cycle arrest biomarkers [27]. The better
predictive ability of the cycle arrest biomarkers compared to urine NGAL
could be explained by the fact that the cell cycle arrest biomarkers are
stress markers which signal cells of impending injury. Hence the stress
markers increase before injury occurs while NGAL increases after tubular
injury has occurred [18]. A cut-off of 39.2 was found to predict AKI stage
2 and 3 among our participants.

The predictive ability of a combination of a stress biomarker with a
tubular biomarker (NGAL) was also examined. A combination of NGAL
and IGFBP-7 ([IGFBP-7]*NGAL]) was the second best marker in pre-
dicting AKI stage 2 and 3 (AUC ¼ 0.93). A cut-off of 0.75 was obtained
with a sensitivity of 91.7% and a specificity of 74%. This shows [IGFBP-
7]*[NGAL] as another biomarker which needs to be further investigated
for early prediction of AKI. Hence, a combination of stress biomarker and
injury biomarker may be of diagnostic importance in predicting AKI.

This study has strength in it being the first study to use the cell cycle
arrest biomarkers to assess AKI among patients in Sub-Saharan Africa, to
the best of our knowledge. However it is limited by the small sample size,
non-availability of preadmission serum creatinine and 24-hour urine
output, and inability to examine other novel biomarkers.

5. Conclusion

Urinary Tissue inhibitor metalloproteinase 2 (TIMP-2) and insulin-
like growth factor binding protein 7 (IGFBP7) best predicts the devel-
opment of AKI, and can be used in high risk patients for early diagnosis of
AKI among hospitalized patients. Urinary [TIMP-2] *[IGFBP-7] is an
early marker for AKI and had the best diagnostic performance in pre-
dicting KDIGO AKI stage 2 and 3. A combination of NGAL and IGFBP-7
([IGFBP-7]*NGAL]) was the second best marker in predicting AKI stage
2 and 3. NGAL had the least predictive ability.
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