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Abstract: Increasing incidence of Fanconi, proximal kidney tubular damage and Chronic Kidney Diseases are becoming common to see in high risk groups and drawn clinician to monitor the toxicity of TDF before initiation and during follow up; the current monitoring practice for the toxicity in most hospitals showed that the monitoring practice is poor. This study aimed at measuring prevalence of different stages of CKD. Using a non-proportionate stratified sampling, a total of 111 study subjects enrolled. Using the Android application of Medicalc GFR-cg, and MDRD-4 were calculated from the measured serum Creatinine. Based on NKF K/DOQI Classification, the prevalence of stage-2 CKD was 16.2 % (60-89 ml/min) and Stage 5-CKD/Renal Failure who require dialysis were 3.6% (CrCl less than 15ml/min/1.72m2) using both method of calculating CrCl (GFR-cg and MDRD-4). Women who are lactating have a relative risk of 0.918 (95% CI lies within 0.845-0.998) of acquiring CKD statistically significant (P= 0.045). BMI less than 18.5 (P= 0.004 and Adjusted OR of 7.82), WHO clinical stage 1 (P=0.014, odds ratio of 5.4 and 95% CI of 1.24-24.42), baseline CD4 count > 500 (P=0.02) and TDF based HAART with a duration more than 12 months of treatment and low haematocrit of 30 have a higher risk of falling into Stage 2 CKD with cohort risk estimate of 4.103 (95 % CI of 1.02, 16.54). The risk estimate of WHO stage 2 to acquire CKD is 1.087 (95% CI of 1.002, 1.180) statistical significant (P=0.05.). The prevalence of stage 2 CKD among pregnant and lactating women by GFR-cg method of calculation is higher than MDRD-4 calculation. Since MDRD-4 method of CrCl (GFR) calculation underestimates stage 2 CKD: it is better and recommended to use GFR-cg method for early detection.  
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1. Introduction

MTCT is the transmission of HIV from HIV-positive pregnant mother to child during pregnancy, labour and delivery or during breastfeeding which overall accounts for 15-45 % of HIV transmission from mother to infants without any intervention.1
Recently thanks to the national adoption of WHO B+ option guideline; the lifelong HAART for all HIV positive pregnant and lactating and ARV prophylactic syrup; the probability of transmission has been reduced as low as 0.02 combining with elective caesarean section (CS).
Since June 2013, the Ethiopian FMOH revised the national PMTCT guideline of option A which recommends the initiation of ARV prophylaxis starting at 14 weeks of gestation for mothers with high CD4 counts’ more than 350 and clinical WHO stage 1 and 2 to the B+ option which recommend the initiation of preferred TDF based HAART to all HIV positive mothers during pregnancy and lactation irrespective of the clinical WHO stage or CD4 count for life long. 3
Tenofovir Disoproxil Fumarate (TDF) is used the first-line preferred regimen combination. TDF is the first nucleotide analogue reverse transcriptase inhibitor approved for the treatment of HIV infection. It has become a key component in combined ART due to its favourable efficacy and safety profile. 4 The K65R mutation is selected by TDF in vitro and has been reported to be effective in treatment-naive and treatment-experienced patients. 4
However, many studies support the overall good safety proﬁle of TDF with only sporadic cases of kidney disease; increasing case reports of renal tubular damage and impaired creatinine clearance have been reported in patients with underlying renal disease and other co-morbid such as diabetes. 15
The national Kidney Foundation (NKF K/DOQI Classification) has defined Chronic Kidney Disease (CKD) as either kidney damage (pathological abnormality or markers of damage) or GFR <60ml/min/m2 for 3months with the stages of CRD based on the GFR were put as:


	      Stage           
	MDRD-4, GFR-cg (ml/min/1.72m2)

	1.   (normal or ↓ GFR)
	>90 ml/min

	2.   (mild ↓ GFR)
	60-89 ml/min

	3.   (moderate ↓ GFR)
	30-59 ml/min

	4.   (Sever ↓ GFR)
	15-29 ml/min

	5.   Kidney Failure
	,15 ml/min or dialysis



Table 1: Table showing Chronic Kidney classification (NKF K/DOQI Classification)

During pregnancy there is a 40-50 % rise in serum creatinine, hence creatinine clearance less than 90 ml/min is said to be reduced GFR8 despite the criteria set by the national kidney foundation NKF DOQI guideline for CKD put the CrCl between 60-90 ml/min as stage 2 mild renal diseases. However, despite WHO and national guideline recommendation for close monitoring of toxicity and substitution by other NRTI agent, the current practice of toxicity monitoring is poor.
The prevalence of chronic kidney disease (CKD) reaches about 30% and increasingly become a cause for morbidity and mortality among people infected with HIV. 16
The reported prevalence of TDF-related kidney injury from randomized clinical trials ranges from 1% (as confirmed by abnormal serum creatinine > 1.5 mg/dl and phosphorus<2.0 mg/dl) although this is a higher value for serum creatinine to 5% as measured by proteinuria 18 discrepancy with prevalence of CKD was 8.4%7 and total tubular damage of TDF is around 26% while a hospitalization rate of 31.4% and mortality of 18.2%. 6

Most Studies showed worsening of impaired GFR in patients who are taking TDF based HAART with underlying renal dysfunction.13    Though baseline and follow-up treatment monitoring of TDF toxicity is mandatory with recommendation of avoiding TDF or substituting   with  other  agent  when  creatinine clearance is  below  60  ml/min  or dose adjustment when there is no option for other preferred regimen; the decline in estimated GFR (creatinine clearance below 90ml/min) from the baseline during pregnancy owing to the rise of 40-50% serum creatinine is said to be reduced .So far hypertension, as duration on HAART, and TDF exposure remained significantly associated to CKD where duration on antiretroviral therapy was significantly associated with 15% increased prevalence of CKD per each year. 7
According to Ethiopian Demographic Health Survey (EDHS) 2011 data, 17% of pregnant women are anemic while 27% of pregnant are underweight which both underweight and low Hgb level (Anemia) are among the two most strongly associated factors despite the egg chicken dilemma with a reduction of CrCl. Related to BMI; the bone density mass in HIV positive subjects who uses TDF based HAART are often low though the detail is beyond the scope of this study.

Having reviewing all those factors associated with reduced CrCl; pregnancy and its consequences as a single entity often complicated by renal   diseases.  In general, hypertensive disease of pregnancy ranks   top for the cause of maternal mortality even irrespective of HIV beside the medical complication of renal and cardiac disease of pregnancy. 9 Hence this study is worth relevant to measure the burden and associate.
Hospital based cross-sectional both descriptive and analytic type of prevalence measure of abnormal CrCl as measured by GFR-cg, and MDRD-4. Factors associated with abnormal CrCl were analyzed through logistic regression for adjusted odds ratio and identify determinants and factors among pregnant and lactating mothers who are on TDF based HAART in east Amhara. The study area was east Amhara public hospital of selected 3 Hospitals from 3 zones namely Dessie referral, Woldiya and Tefera Hailu memorial Hospital. The study period was 1st November 2014 to 31st of June 2015.

Source populations were HIV positive pregnant and lactating women while study populations were those women who use TDF based HAART. Adjusted sample size of (n=102) were set with systematic random sampling method non proportionally from 3 stratified hospitals of Northeast Amhara from TDF based HAART users of pregnant and lactating mothers enrolled June 2013 to June 2015.

Health care professionals were trained on data collection and practiced for 20 clients with direct supervision. Measurement of weight and height measured during data collection while Serum creatinine, fasting blood sugar and hematocrit were measured in the Hospital laboratory. The android application automatically rejects when abnormal variable and values were entered which avoid the human error made during manual calculation.

Data inputs from the questionnaire were entered into android application of Medicalc 8.4 for calculation of GFR-cg, MDRD-4 and GFR-EPI. Target Idea body weight (IBW) and BMI were also calculated with application and then categorized into normal and abnormal (high, low).

Data were entered into epi info for clearing and exported to SPSS version 21 for analysis of multivariate and binary logistic regression for computing adjusted odds ratio, relative risk and cohort risk within 95% CI and statistical significance at P-value <0.05. 
Independent variables as: weight, BMI, Hematocrit, Baseline CD4, and WHO clinical stage, type of regimen of First line, duration of HAART, duration of TDF based HAART, status of blood pressure (Hypertension (systolic >160 mmHg, and diastolic>90 mmHg) and status Diabetic Mellitus (Fasting serum glucose 127 mg/dl) were assessed.

Hence the outcome abnormal Creatinine Clearance (CrCl) measured as;

· Glomerular Filtration rate by Cockcroft Gault (GFR-cg) formula (as 3 inputs; age, weight and serum creatinine) and multiplied by 0.85 for women. (90-131 ml/min) = (140-age) *Weight / 72*Cr (Female value= multiple result by 0.85)

· Modified diet renal disease(MDRD-4) formula (4 inputs, simplified with age, gender, ethnic factor and serum creatinine) also Levey equation and (90-131 ml/min) = (186.3*Cr -1.154 *age -0.203 GN F* ET F)

Hence abnormal CrCl is defined as higher and lower GFR from the normal 90-131 ml/min. CKD was defined as estimated Glomerular filtration rate (cGFR) creatinine clearance (estimated by Cockcroft–Gault equation) <60 ml/min per 1.73 m2 in the absence pregnancy and lactation which physiologically increases the CrCl and raises the normal upper limit threshold to be 90-131 ml/min in 1.71m2. Hence CrCl in pregnancy and lactating women is said to be reduced when the GFR between 60–89 ml/min or presence of proteinuria with normal cGFR; -Reduced

RESULT

Among 111 study subjects, 55% (n=61) of them were lactating while 45% (n=50) were pregnant. The age of subjects has a normal distribution with mean of 28.9 years and SD of 4.7. The mean and standard deviation of weight are 56.9 Kg and 10.8 while the mean and standard deviation of body height are 158.7 and 6.2 respectively. Age, BMI, weight and height has a normally distributed.
Clinical Independent variable
6.3 % of study subjects have a systolic blood pressure measure above 130 mmHg while 1.9% of study subjects have a diastolic BP of above 90 mmHg. 57.7 % (n=64) of study subjects were initiated TDF based HAART at WHO stage 2 while 7.2 % (n=8) of them initiated at stage 1. 27% of clients were initiated on TDF based HAART at CD4 count >500 while 27 % at less than 200.

Creatinine Clearance by MDRD-4
Serum Creatinine was measured for 86.5 % (n=96) of total of 111 study subjects and hence CrCl was measured both by MDRD-4 and GFR-cg through the android application and classifications of kidney disease and decline in GFR were made by the National Kidney Foundation guideline as mentioned earlier in the methodology section.  

The prevalence of stage 2 mild renal diseases as measured by Modified Diet for Renal Disease (MDRD-4) method for estimation of CrCl showed that 82.9 % (n=92) are on the normal range of 90-131 while 3.6% (n=4) of study subjects have Chronic Kidney disease (CKD) while the rest of study subjects have high abnormal CrCl above 131 ml/min.

Creatinine Clearance by GFR-cg
24.3% (n=27) of study subjects have a CrCl of normal stage 1 (90-131 ml/min) while 16.2 %( n=18) have reduced stage 2 mild (60-89 ml/min) renal disease. However, 3.6% (n=4) of the study subjects have stage 5 (less than 15ml/min/1.72m2) kidney failure which requires hospitalization for dialysis. About 42.3% (n=47) of the study subjects have high abnormal GFR of greater than 131 ml/min/1.72m2.

ANALYTIC STUDY
Among variables entered, BMI below 18.5 is associated with stage 2 renal disease with P=0.004 with OR of 5.29 (95% CI of 1.56, 18.01). The association of lower BMI less than 18.5 with stage 4 CKD not statistically significant (P=0.419). Baseline WHO stage of 1 is significantly associated with P value of 0.014 with stage 2 mild form of kidney disease where the OR of 5.147 (95% CI 1.25, 21.24). The cohort risk estimate (RR) is 0.352 (95% CI of between 0.171, 0.725).

The association between baseline WHO stage 2 and CKD is significant with P=0.05 and risk estimate of 1.087 (95% CI of 1.002, 1.180) but no significant association with stage decline of GFR. Baseline CD4 count greater than 500 at initiation of HAART is significantly associated with stage 2 decline GFR with P=0.02 and cohort risk estimate of 4.103 (95 % CI of 1.02,16.54). However, the association between duration of TDF based HAART more than 12 months and stage 2 declines GFR is not significant has a P value of 0.66.

However, 3.6% (n=4) of the study subjects have stage 5 (less than 15ml/min/1.72m2) kidney failure/dialysis stage for lactating women who said no were significantly associated with P= 0.045 and RR of 0.918 and 95% CI of 0.845-0.998.

Table 13: Pearson’s chi-square value and OR for stage 2 mild form of renal disease

	Stage 2 mild renal disease (less than 89ml/min/1.71m2)

	
	
	P-Value
	OR
	95% CI

	BMI
	< 18.8
	0.004
	5.29
	1.56,18.01

	Baseline WHO
	Stage 1
	0.014
	5.147
	1.25,21.24



	Baseline CD4 count
	>500 cell
	0.02
	4.103
	1.02,16.54

	Mo. on TDF
	<12 mo.
	0.066
	2.737
	.913,8.20


Table 14: Pearson’s chi-square value and RR for stage 4 and 5 CKD

	Stage 4 and more CKD less than 60 ml/min/1.71m2)

	
	
	P-Value
	RR
	95% CI

	Baseline WHO
	Stage 2
	0.05
	1.087
	1.002,1.18

	Lactating 
	 No
	0.045
	0.918
	0.845,0.998


DISCUSSION
The prevalence of Chronic Kidney disease (CKD) measured by MDRD-4 formula 3.4 %( n=4) while stage 2 mild form of kidney disease were not identified by MDRD-4 while GFR-cg have captured 16.2% (n=18). However, 3.6% (n=4) of the study subjects have stage 5 (less than 15ml/min/1.72m2) kidney failure/dialysis stage where lactating women were significantly associated with P= 0.045 and RR of 0.918 and 95% CI of 0.845-0. 998.Hence in this study we used GFR-cg for associated factor analysis preferable approach for early detection.

Unlike this study which measured toxicity as GFR; proteinuria among maximally viral suppressed group is forty-two (27%) (mean UPCR 38, SD 34).23 Multivariate analyses indicated that longer duration of Tenofovir use [P ¼0.006, odds ratio (OR), 1.29 per year, 95% conﬁdence interval (CI), 1.08–1.54] and concomitant protease inhibitor therapy (P ¼0.004, OR, 7.36, 95% CI, 1.88–28.9) were associated with proteinuria. 23
Age, sex, current CD4 cell count, or treatment status at the time of initiation of Tenofovir did not predict proteinuria in multivariate analyses however proteinuria was associated with lower eGFR (median 80.5 versus >90 ml/min/1.73m2 has an OR of 0.91 per ml/min/1.73m2 (95% CI, 0.87–0.95) and lower in non-fasting serum PO. 23
The burden of CKD as measured by prevalence of stage-5 CKD by MDRD-4 (3.4 %) lower than the MHRA study 6 while prevalence of stage 2 CKD was 16.2 % where the overall prevalence of CKD from mild category to the sever one would be 19.2% of near lower than the MHRA 6 (26 %).

The prevalence of CKD by GFR-cg in particular group (CD4 count of > 200) after 1 year of TDF treatment and was 3.4% lower than 8.4% 7. However, the prevalence of renal failure as stage 5 (3.4%) is much higher than the retrospective cross sectional study of Thomas Street Health Center in Houston (2%) 21 including the prevalence of stage 2 mild renal disease (8.8%) unlike this study of 16.4 %.

In the stud with closer geodemographic characteristics of the Malawi study (90.8% of female study participants); higher prevalence of CKD (6.9%) whose CD4 count was lower than 200 was found.8 In study, variables under investigation were BMI, baseline WHO stage at initiation; type of HAART initiated and duration of HAART and hematocrit.

However, the best nutritional assessment during pregnancy is MUAC owing to the expected weight gained from fetal and placental growth; the prevalence of underweight is 12.6 % and hence the association of low BMI and stage 2 mild decline of GFR was highly significant (P=0.005 and OR of 5.2) which is similar to the Malawi study (OR of 5.4). 8
Though GFR cut off point for diagnosis of CKD was set to lower limit of 50ml/min the association of CD4 count and decline in GFR is significant while the adjusted odd ration in this study showed a significant association with CD4 count between 200-350/mm3 with odds ratio of 5.2. Duration of HAART for more than 12 months has significantly associated (P= 0.018 and crude odds ratio of 4.38) with Stage 2 decline of GFR which is similar to many studies 4,7,21.

However, during two by two association test, several cells’ expected cells were not more than and less than the expected value which indicates that the sample size may not be adequate while still OR and RR allowed to be computed with two by two table. Hence in the future when cases increase as enrollment into the program; larger sample size would increase the power of test.

Conclusion 

The prevalence of decline of GFR as stage 2 mild form of renal disease among TDF based HAART users of pregnant and lactating mothers is high based on the GFR-cg calculation while the MDRD-4 underestimates stage 2 decline of GFR for early detection.

The prevalence of stage 2 kidney diseases is high among the pregnant and lactating mothers with lower BMI of below18.5, WHO clinical stage of 1 and 2, and higher CD4 count are among the factors that determine the decline of GFR to stage where the duration of TDF based HAART would be significant in larger sample size.

CKD of stage 5 is more associated in those lactating women with decline GFR and hence the follow up of GFR through CrCl monitoring should continue during lactating period too. The monitoring of toxicity through GFR-cg is preferred methods than the MDRD-4 for early detection in routing clinical practice.
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