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ABSTRACT

Background: Proteinuria is a risk factor for the occurrence and progression of chronic kidney disease hence its 
use in screening, diagnosis and monitoring purposes. The use of untimed sample has become more common due 
to shortcomings associated with 24 hour urine collection.

Aim: To use urinary measures in comparing the kidney function of a healthy population with an apparently 
healthy population with frequent use of non-steroidal anti-inflammatory drugs (NSAIDs).

Methods: Two hundred participants submitted paired urine samples. Blood was collected for estimation of 
creatinine based glomerular filtration rate (GFR). Student t-test and Chi-square tests were used to compare 
means and proportions respectively. 

Result: The prevalence of kidney dysfunction among NSAIDs users using eGFR, albumin creatinine ratio 
(ACR), protein creatinine ratio (PCR) and 24 hour urine protein (24HUP) were 22%, 18%, 16% and 11% while 
in the controls were 6%, 6%, 5% and 0% respectively. The albumin creatinine ratio (ACR) was most strongly 
correlated with GFR in NSAIDs users.

Conclusion: The prevalence of kidney dysfunction using eGFR, ACR, PCR and 24HUP in NSAIDs users were 
all higher than in the healthy controls. The correlation between GFR and ACR was strongest of all urinary 
measures hence the ACR was a more reliable measure of kidney function assessment in health and in frequent 
NSAIDs use.

Keywords: non-steroidal anti-inflammatory drugs, albumin creatinine ratio, protein creatinine ratio, 24-hour 
urine protein, glomerular filtration rate.
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L'utilité des mesures urinaires dans l'évaluation de la fonction 
rénale chez les Nigérians en matière de santé et avec l'utilisation 
fréquente d'anti-inflammatoires non stéroïdiens

Uduagbamen PK,  Hamzat MA   and Ehioghae O1,2 2 1

Résumé 

Contexte général de l'étude : La protéinurie est un facteur de risque d'apparition et de progression de 
l'insuffisance rénale chronique, d'où leur utilisation à des fins de dépistage, de diagnostic et de surveillance. 
L'échantillon non chronométré est devenu plus courant en raison de lacunes associées à la collecte d'urine sur 24 
heures. Des études ont montré une bonne corrélation entre les mesures urinaires dans la maladie et dans la santé.

Objectif de l'étude : Déterminer l'utilité des mesures urinaires dans l'évaluation de la fonction rénale chez les 
utilisateurs d'AINS et en santé.

Méthodes de l'étude : Deux cents participants ont soumis des échantillons d'urine appariés et du sang a été 
collecté pour l'estimation du DFG basée sur la créatinine. Les variables continues en tant que moyenne avec 
écart-type ont été comparées à l'aide du Test d'Étudiant (Student). Les variables catégorielles sous forme de 
proportions avec des pourcentages ont été comparées à l'aide du test du chi carré. La corrélation a été effectuée 
par analyse de régression linéaire en utilisant la corrélation de Spearman. 

Résultat de l'étude : L'âge moyen des utilisateurs d'AINS, des contrôles et des utilisateurs d'AINS souffrant de 
dysfonction rénale (KD) était respectivement de 46,5 + 14,5, 46,0 + 14,5 et 63,11 ± 18,62. La prévalence de KD 
parmi les utilisateurs d'AINS utilisant eGFR, ACR, PCR et 24HUP était de 22%, 18%, 16% et 11%, tandis que 
chez les témoins étaient de 6%, 6%, 5% et 0% respectivement. L'ACR était fortement corrélé avec le DFG chez 
les utilisateurs d'AINS.

Conclusion : La prévalence de KD utilisant eGFR et ACR chez les utilisateurs d'AINS était de 22%, 18%, 16% 
et 30% et parmi les témoins sains étaient de 6%, 6%, 5% et 0% respectivement. La corrélation entre le DFG et les 
mesures urinaires était la plus forte avec l'ACR. L'ACR localisé dans l'urine semble être une mesure plus fiable 
de l'évaluation de la fonction rénale en santé et en maladie.

Mots-clés: Anti-inflammatoires non stéroïdiens, ratio albumine-créatinine, ratio protéine-créatinine, protéines 
urinaires sur 24 heures, taux de filtration glomérulaire
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INTRODUCTION weight proteinuria, like NSAIDs induced 
tubulointerstitial nephritis. The GFR is the gold Proteinuria is a risk factor and accelerator of kidney 
standard in assessing kidney function (13). disease hence its use in the screening, diagnosis and 
Correlations between GFR and urinary measures monitoring of kidney disease. The 24-hour urine 
could therefore be ways of determining the reliability protein (24HUP) has traditionally been the gold 
of these measures in kidney function assessment. We standard in urine protein quantification (1). Recently, 
are not aware of studies correlating these urinary the untimed urine is increasingly being used in 
(proteins) measures with the GFR among Nigerians quantifying proteinuria and assessing kidney 
in health and in frequent NSAIDs use. In this study, function. Huan et al reported the reliability of 
we therefore determined the utility of these urinary albumin creation ratio (ACR) in urine protein 

 measures in assessing kidney function by correlating quantification in glomerular diseases (2). Medilas-
each with the GFR in a healthy population, and in Rosas et al (3) recommended the use of spot protein 
frequent NSAIDs users.creatinine ratio (PCR) to estimate the 24HUP. 

Arogundade et al found proteinuria in 29.7% of 
participants in a community survey where they also  MATERIALS AND METHODS
found glycosuria of 4.5% (4).  Alebiosu et al reported 

This observational, descriptive study was carried at a  close associat ion between proteinuria 
the Federal Medical Centre, Abeokuta, Nigeria. Two (albuminuria) and retinopathy in a population with 
hundred participants (100 frequent NSAIDs users diabetic nephropathy.(5) Similarly, Brenyah et al in 
and 100 age and sex matched controls), sixteen years Ghana, found heavy proteinuria in 15.6% of type 2 
and older, who gave informed written consent were diabetics.(6) Proteinuria quantification  using the 
consecutively recruited.  Exclusion criteria were PCR is reported to be improved by analysis 
hypertension or use of antihypertensive drugs, sickle incorporating the urinary creatinine excretion.(7) 
cell disease, diabetes or the use of hypoglycemic 

As a way of  relating the urinary measures, the agents, kidney disease or transplant, infections, 
Japanese Society of Nephrology and the kidney tumors, use of nephrotoxins and ongoing 
disease outcome quality initiative (KDOQI) menstruation. The height and weight were measured 
recommended urine PCR as a reliable replacement using SECA standiometer and SECA weighing scale, 
for 24HUP, and also, that a urine PCR of 150mg/g with participants bare footed, and on light clothing. 
(15mg/mmol) was equal to an ACR of 30mg/g The participants were taught timed urine collection 
(3mg/mmol. (8, 9) NSAIDs use is very common in and each was given a 5 liter tetraoxosulphate-6 acid 
low income nations due to the very low level of (H SO ) treated plastic container and two universal 2 4
industrial mechanization which has necessitated the specimen bottles. They were instructed to choose a 
use of manual labor in farming and construction day they were likely to be mostly indoor and to 
related industries. Schwartz et al (10) had reported commence the 24HUP collection after completely 
that NSAIDs use for more than 4 weeks was a risk emptying their first urine on waking up and 
factor for progression from acute interstitial nephritis discarding it (and to write down the time). All urine 
to chronic kidney disease. NSAIDs inhibit passed subsequently were emptied into the plastic 
prostaglandins (PGs) actions, particularly PGE . 2 container and exactly 24hours from the time written 
Upregulation of PGE  is a major pathway to renal 2 down, they were to empty completely their last urine 
injury through podocyte injury, with RAAS for the 24HUP test into the container and return same 
activation, hypertension, edema, proteinuria, and to the hospital central laboratory.  About 30 minutes 
renal scarring in prolonged use. NSAIDs induced low after the last urine, they urinated about 20ml into the 
molecular weight (LMW) proteinuria is of tubular universal bottle and brought both to the central 
origin, although, nephrotic range proteinuria and laboratory. At submission, blood was taken to 
nephrotic syndrome have been reported, secondary to determine creatinine based eGFR. Female 
glomerular injury.(11) Tubular metabolism of these participants were thought on ways of determining the 
proteins, in addition to the glomerular filtered actual time of commencement and termination of 
proteins, worsen  tubules injury and can progress to their menstrual flow. Urine protein and creatinine 
chronic tubulointerstitial nephrtis (12), were analyzed through the Calorimetric method and 
Most correlation studies on urine protein Jaffe rate reaction, respectively, using the Hitachi 
quantification have been on glomerular diseases, Modular Analyzer. The urine albumin was measured 
literature is scares in conditions with low molecular by turbidimetric assay.

Urinary Measure in Assessing Kidney FunctionUduagbamen et al.

227



DEFINITIONS The mean BMI and systolic and blood pressures of 
the NSAIDSs users were significantly higher than the Frequent NSAIDs users were defined as those that 
controls, P=0.04, P<0.001 respectively. There was no had used the drugs daily for at least a month prior to 
significant difference between the mean diastolic BP recruitment for study.(14) 
of the NSAIDs users and the controls, P=0.06. Using 

Kidney dysfunction was defined as GFR <60ml/min, the GFR, ACR, PCR and 24HUP among the NSAIDs 
using the, chronic kidney disease epidemiology users, 22%, 18%, 16% and 11% had kidney 
collaboration (CKD-EPI) formula.(13) dysfunction respectively.  Using the GFR, ACR, PCR 

and 24HUP among the controls, 6%, 6%, 5% and 0%  Clinical proteinuria: ACR >30mg/mmol (8, 9)
had kidney dysfunction respectively.  The mean GFR 

PCR >50mg/mmol and 24HUP >500mg/day.(8, 9) 
and hemoglobin of NSAIDs users was significantly 

Hypertension as blood pressure >140/90 mmHg.(4) lower than the controls, P<0.001 and P=0.02 
respectively. The serum creatinine, ACR, PCR and Diabetes as fasting blood glucose >7.0 mmol (6).
24HUP of the NSAIDs users were significantly 

Data is expressed as mean with standard deviation higher than the controls, P<0.001, P<0.001 and 
using Student t-test and as proportions using Chi P<0.001 respectively.
square Spearman correlation coefficient was used to 

Table 2 compared the characteristics of NSAIDs determine the strength of association between the 
users based on the status of their kidney function. The GFR and the urinary measures. 
mean age of NSAIDs users with KD was statistically  The 
higher than for those without KD, P<0.001. The mean study was approved by the Human Ethics Committee 
BMI, systolic and diastolic BP of NSAIDs users with of the Federal Medical Centre, Abeokuta.
KD were significantly higher than NSAIDs users 
without KD, P=0.03, P<0.001 and 0.003 
respectively. The mean hemoglobin and GFR of the RESULTS
NSAIDs users with kidney dysfunction were 

Two hundred (102 females and 98 males) participants 
significantly lower than those without kidney 

took part in the study. There was no statistical 
dysfunction, P=0.02, P<0.001 respectively. The 

difference between the mean age of NSAIDs users 
mean serum creatinine, ACR, PCR and 24HUP of 

and controls, 46.5 + 14.5 years and 46.0 + 14.2 years, 
NSAIDs users with kidney dysfunction were 

P=0.38. However, among the NSAIDs users, mean 
significantly higher than those who had no kidney 

age of those with kidney dysfunction (KD) was 
dysfunction, P<0.001, P<0.001, P<0.001 and 

significantly higher than those without KD, P=0.001. 
P<0.001 respectively.

The demographic, clinical and laboratory features of 
NSAIDs users are compared with controls in Table 1. 

The research 
followed the tents of the Declaration of Helsinki.

Variables NSAIDs users 
N=100 (%)
Mean ± SD

Controls
N=100 (%)
Mean ± SD

X2

t test
P-value

Gender
Mean age, yrs
Males, yrs
Females, yrs

 

46.14 ±
 

14.52
 

46.21 + 8.82 

46.07 + 6.2 

 

46.04 +
 
14.21

 

46.02 +  8.4  

46.05 +  18.2  

 

0.74
 

0.9  

0.57  

0.3
0.12
0.55

BMI, kg/m2: 28.1 + 13.1 26.4 +  13.2  3.04  0.03
Systolic BP, mmHg 123.50 + 10.46         114.0 + 11.70   5.8  <0.001
Diastolic BP, mmHg 75.73 + 8.26              74.53 + 7.20               0.72  0.06
Hemoglobin, g/dl 12.78 + 1.26             13.83 + 1.42  3.14  0.02
S. Creatinine, umol/l 98.12 + 13.69              77.79 +  36.38  5.76  <0.001
GFR, ml/min 87.83 + 30.72         115.01 +  26.92           6.64  <0.001
ACR, mg/mmol 22.43 ± 47.44 11.62 ± 4.23  9.44  <0.001
PCR, mg/mmol 39.24 ± 15 .38 14.88 ± 5.41 6.83 <0.001
24HUP, mg/day 402.27 ± 23.42 152.85 ± 33.68 7.24 <0.001
Urine Creatinine, mmol/l 709.71 ± 22.49 1628.75 ± 48.64 11.25 .001

Table 1: Comparing clinical and laboratory characteristics of NSAIDs users and controls

NSAIDs-non steroidal anti-inflammatory drugs, GFR-glomerular filtration rate, SD-standard deviation, BMI-body mass index, 

BP- blood pressure, ACR-albumin creatinine ratio, PCR-protein creatinine ratio, 24HUP-24 hour urine protein
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Using the GFR, ACR, PCR and the 24HUP, there dysfunction and the stages of kidney disease using 
were significant differences in the proportion of the glomerular filtration rate.
participants that had kidney dysfunction between the As the eGFR reduced, and with increasing 
NSAIDs users and controls, P<0.001, P<0.001, proteinuria, the sensitivity of the PCR and 24HUP 
P<0.001 and P<0.001 respectively. Table 3 shows the increased.
relationship between urinary indexes of kidney 

 

 

 

Variables GFR <60 ml/min 
N=22 (%)

 

Mean ± SD
 

GFR >60 ml/min
N=78(%)

 

Mean ± SD
 

X2

t test
 P-value

Females 13 (59.09)
 

38 (48.71)
 

3.86
 

0.01
Age, yrs 63.04 +

 
7.32

  
41.84 +

 
8.27

 
6.8

 
<0.001

BMI, kg/m2: 29.43 ± 12.80  27.72 ± 15.25  2.86  0.03
Systolic BP, mmHg 134.76 ± 42. 62 119.82 ± 22.14  5.48  <0.001
Diastolic BP, mmHg 83.18 ± 26.37 73.94 ± 11.12  4.16  0.003
Hemoglobin, g/dl 11.98 ± 2.52 13.02 ± 1.23  3.61  0.02
S. creatinine, umol/l 114.25 ± 32.45 93 44 ± 19.56  7.85  <0.001
GFR, ml/min  43.61 ± 25.84  99.42 ± 23.21   9.56  <0.001
ACR, mg/mmol 29.63 ± 7.35  20.61 ± 4.46  9.24  <0.001
PCR, mg/mmol

 
43.74 ± 12.59

 
38.11 ± 23.45

 
6.21

 
<0.001

24HUP, mg/day 788.68 ± 42.8 592.7.44 ± 46.14 9.13 <0.001
Urine Creatinine, mmol/l 235.53 ± 8.45 592.7.44 ± 46.14 8.14 <0.001

Table 2: Comparing characteristics of NSAIDs users based on the status of the kidney function

NSAIDs-non steroidal anti-inflammatory drugs, GFR-glomerular filtration rate, SD-standard deviation, BMI-body mass index, 

BP- blood pressure, ACR-albumin creatinine ratio, PCR-protein creatinine ratio, 24HUP-24 hour urine protein

Variables GFR >90ml/min GFR 60-89 GFR 45-59 GFR 30-44 GFR 15-29 ANOVA
ACR, 
mg/mmol

130 (65.0) 46 (23.0)
 

13 (6.5)
  

10 (5.0)
  

1 (0.5) <0.001

PCR, 
mg/mmol

133 (61.5) 46 (23.0) 9 (4.5)  10 (5.0)   2 (1.0) <0.001

24HUP
mg/day

128 (64.0) 42 (21.0) 14 (7.0) 13 (6.5) 3 (1.5) <0.001

Table 3: Relationship between urinary indexes of kidney dysfunction and eGFR stages in all participants

ACR-albumin creatinine ratio, PCR-protein creatinine ratio, 24HUP-24 hour urine protein, ANOVA-analysis of variance, 

GFR-glomerular filtration rate.

GRAPHS OF CORRELATIONS OF THE NSAIDs USERS

Figure 1: Upper: Significant negative correlation between eGFR and ACR, r= -0.756, P<0.001. 

Middle: Significant negative correlation between eGFR and PCR, r= -0.696, P<0.001. 

Lower: Significant negative correlation between eGFR and 24HUP, r= -0.729, P<0.001
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Figure 1 shows the negative correlation between the better with urine ACR than eGFR in type 2 diabetic 
GFR and the urinary measures of ACR, PCR and the nephropathy, with or without good glucose 
24HUP, for the NSAIDs users. The negative control.(16) Again, albuminuria typically signifies 
correlations between the GFR and the urinary tubuloglomerular damage as excess glomerular 
measures was strongest with the ACR, r=-0.756, p< filtered protein are metabolized by tubules, resulting 
0.001, followed by the 24HUP, r=-0.729, P<0.001. in tubular proteinuria. Moreover, the use of 
Figure 2 shows the negative correlations between the antiproteinuric agents directly reduces or terminates 
GFR and the ACR, PCR and the 24HUP for the albuminuria whereas the likely increase in eGFR 
controls. The 24HUP was most strongly correlated seen, mostly reflects improving kidney function.(17) 
with the GFR, r=-0.656, p<0.001 followed by the However, Lamb et al found very low sensitivity and 
ACR, r=0.540, P<0.001. poor positive predictive value (PPV) in dip strips 

testing, for low level proteinuria due to the very low 
sensitivity of dip strips reagents to albumin.((18) The 

DISCUSSION authors concluded that dip strip positivity points to 
moderate-to-heavy proteinuria, therefore, its use in We found in our series that NSAIDs causes 
screening for proteinuria was not reliable. proteinuria associated with a decline in kidney 

function, and this agrees with previous studies that The sensitivity of urinary ACR was higher than the 
reported increase excretion of both the LMW and PCR in this study and this agree with 
HMW proteins from NSAIDs use.(11) Despite recommendations by the Kidney Disease Improving 
NSAIDs anti-inflammatory properties, their Global Outcome (KDIGO) in 2013 and the National 
proteinuric effect is well reported and attributable to Institute for Health and Clinical Excellence (NICE) 
inhibition of renal vasodilation by suppressing the in 2014.(19, 20) 
activities of renal prostaglandins. Recurrent renal 

Albuminuria, being the commonest form of hypoperfusion induces ischemic changes and could 
p ro te inur ia  in  k idney  d i sease ,  deno tes  progress to tubulointerstitial fibrosis (from recurrent 
tubuloglomerular disease whereas LMW proteinuria ischemic-reperfusion injury). NSAIDs effects can be 
denotes tubular damage. NSAIDs induced heighten in dehydration which can be caused by 
proteinuria therefore, has lesser tendencies for diuretics and exercise (15).
analytical errors in estimating albuminuria compared 

Urinary protein quantification could be a very to proteinuria.(21) A poor relationship is reported 
reliable way of estimating blood sugar control over a between ACR and PCR in low level proteinuria. The 
preceding period. HbA1c is reported to correlate ratio of albumin-to-protein in urine increases with the 

GRAPHS OF CORRELATIONS OF CONTROL

Figure 2: Upper: Significant negative correlation between eGFR and ACR, r= -0.540, P<0.001. 

Middle: Significant negative correlation between eGFR and PCR, r= -0.500, P<0.001. 

Lower: Significant negative correlation between eGFR and 24HUP, r= -0.656, P<0.001
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amount of protein and correlations between the two prevalent among NSAIDs users in this study, likely 
are stronger in heavy proteinuria, though non- from reduced erythropoietin production from the 
nephrotic, likely due to increasing sensitivity of PCR peritubular interstitium, a commonly affected site in 
at higher levels of proteinuria (19). NSAIDs induced nephropathy. This is also 

corroborated by the finding of anemia that is out of The presence of megalin and cubulin in the tubules 
proportion to the degree of kidney dysfunction seen mediate absorption of both tubule secreted and 
in this group (30).glomerular filtered proteins and plays a major part in 

reducing proteinuria. Researchers have attributed the We encountered some limitations in this study. The 
poor sensitivity of PCR and its poor association with level of compliance with prescribed 24 hour urine 
ACR and 24HUP in nephrotic syndrome (NS) to the collection could not be ascertained. Information on 
markedly reduced megalin and cubulin, in nephrotic co-morbid conditions was self-reported and from 
syndrome (22). The associations between the various participants' case files, disease conditions that could 
urine measures have be reported to be dependent on affect results could be present without been 
the socio-demographics, kidney function, analytical discovered. The commonest analgesic agent, 
methods and procedures (23). paracetamol, was not included among the NSAIDs 

despite findings that very prolonged use could be Our study found a slight female predominance in 
nephrotoxic.NSAIDs use and a greater risk of nephrotoxicity in 

them compared with males, similar to findings by De 
Broe et al.(24) Females, with relative smaller sizes, CONCLUSION
receive larger drug quantity per tissue mass 

The use of NSAIDs is associated with adverse renal compared to males, in addition, their larger fat tissue 
outcome, elevated blood pressure, anemia and deposit cause higher volume of distribution, 
proteinuria. Urinalysis, in screening for kidney therefore more toxicities in excess dosages (25). 
disease, diagnosing and monitoring kidney function, Again, females, having lesser P450 enzyme inducers 
is easy and reliable, particularly with good compared to males, experience lesser drug 
understanding of the collection methods by degradation, thereby receiving  larger drug quantity 
participants. The untimed sample has the advantage (26). The BMI was higher in NSAIDs users, moreso 
of been easy to collect and gives more reliable results in NSAIDs users with kidney dysfunction. Amira et 
than the total protein. The correlation between GFR al reported a higher prevalence of albuminuria in the 
and urinary measures in NSAIDs users was strongest obese than the general population.(27) Obesity is 
with ACR, making ACR the most reliable measure. associated with endothelial damage, albuminuria and 
However, the 24HUP had the strongest correlation increases the risk of atherosclerosis thereby 
with GFR in healthy controls. Larger studies increasing the risk for cardiovascular events and 
involving all races are needed for better death (28). 
understanding and universal application of findings.

Even within normal ranged BP, NSAIDs users had 
higher mean blood pressure. Increased hepatic 
production of more atherogenic lipids, as a response ACKNOWLEDGEMENTS
to lower serum albumin from urinary losses, 

Dr Fidelis Ojeblenu and Dr Nosirudeen Bello, both 
accelerates atherosclerosis with attendant higher 
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blood pressures (29). The effects of NSAIDs on the 
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body hemodynamics result in elevated nitrogenous 
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waste in the blood and is multifactorial in origin. The 
inhibition of PGE  and PGI , afferent arteriolar 2 2
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flow, and glomerular filtration pressures, lead to 
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