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Abstract

Background: Obesity is associated with greater survival in end stage renal disease (ESRD).

Objective: To assess the association between cardiovascular risk factors and renal Prognosis, assessed by eGFR and albu-
min/ctreatinine ratio (ACR), in Congolese Type 2 diabetic patients (T2DM).

Methods: Cross-sectional study that included T2DM followed in the University hospital of Kinshasa. ACR and eGFR were
used to assess the renal prognosis according to the KDIGO2012 guideline. A Logistic regression model was used to identify
independent determinants of renal prognosis.

Results: Patients (53 % men, 4.5 % in ESRD) were aged 56 £ 11 years and had a median duration of diabetes of 4 years
(IQ: 1-10 years). In the whole group, 40.9 % had a low renal risk prognosis versus 24.9 % a moderately increased risk; 13.3 %
a high risk and 21.0 % a very high risk. Diabetes duration = 5 years (aOR: 8.69; p < 0.001), SBP > 130 mmHg (ORa: 15.87;
p < 0.001), abdominal obesity (aOR: 0.28; p = 0.036) and HbAlc = 64 mmol/mol (8%)(aOR: 0.13; p < 0.001) emerged as
independent determinants of very high renal risk.

Conclusions: While obesity in the present study was paradoxically associated with low renal risk, a reverse epidemiology

feature, higher SBP and long duration of diabetes emerged as the main determinants of renal prognosis.
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Introduction

Obesity is a growing public health problem worldwide. In some
regions, it affects 50 percent of the general population [1]. In fact,
obesity has been recognized per se as a chronic disease and it
contributes to the increased incidence of diabetes, hypertension
and cardiovascular disease [2]. In 2010, overweight and obesity
were estimated to cause 3.4 million deaths worldwide [2]. Moreover,
obesity is associated with an increased risk of chronic kidney
disease (CKD). Indeed, most studies indicate a direct relationship
between body mass index (BMI) and CKD risk [3-5]. The
detrimental effect of obesity on kidney outcome is undisputable
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in CKD patients not on dialysis. However, survival in overweight
and obese patients on chronic dialysis is paradoxically better than
in patients with a normal BMI [6]. A similar protective role has
been described for high serum creatinine [7]. The presence of
the "malnutrition-inflammation complex syndrome" in dialysis
patients may explain this reverse epidemiology [7].

In sub-Saharan, Africa (SSA), some studies in the general
population and in diabetic patients have already established the
detrimental effect of obesity on the kidney [8-11]. Indeed, these
studies have shown that obesity increases the risk of albuminuria
and renal failure. However, they did not assess whether obesity in
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Type 2 diabetic patients (T2DM) was associated with ESRD. In
order to assess the role of obesity in Congolese Type 2 diabetic
patients (T2DM), this study was performed. It aimed to identify
cardiovascular risk factors that are significantly associated with
a moderately poor to very poor renal prognosis, as assessed by
eGFR and albumin/cteatinine ratdo (ACR) [12].

Materials and Methods
Patients

From July 1% 2007 to December 30™ 2007, consecutive T2DM
black patients followed at the Division of Diabetes and Metabolic
diseases of the department of internal medicine, University
hospital of Kinshasa, Democratic Republic of Congo (DRC)
were invited to participate in the present cross-sectional study.
They all provided written consent. Type 2 diabetes was defined

according to the American Diabetes Association 2003 criteria
(ADA) [13].

Interview and clinical examination

Sex, age, duration of diabetes, past and present medications
(insulin, oral hypoglycemic agents), lifestyle, personal or family
history of hypertension, antihypertensive agents, tobacco and
/ot alcohol habits and lipid-loweting therapy wete recorded.
Anthropometric measurements were obtained for weight, height
and waist circumference (WC). Body mass index (BMI) was used
to define obesity (BMI 2 30 kg/m?), overweight (BMI 25-29 kg/
m?), normal weight (18.5-24 kg/m? and underweight (<18.5
kg/m?) [14]. Abdominal obesity was defined as WC = 94 cm in
men and = 80 cm in women [15]. Three measurements of blood
pressure were performed at 5 minute-intervals using a mercury

sphygmomanometer Riester®, and the average of the last two
measures was used. Hypertension was defined as SBP = 140 mm

Hg and/or DBP 2 90 mm Hg or antihypertensive treatment.
Laboratory tests

Blood: Capillary fasting glucose (CFG) was measured with a
portable Glucocard X-metet® device (Menatini diagnostics,
Zaventen, Belgium). HbAlc was measured on capillary blood
using 2 Bayer DCA 2000® device (Bayer AG, Leverkusen,
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Germany) which uses an enzyme-linked immunosorbent assay.
Assays of total cholesterol, HDLc and triglycerides (TG) were
also petformed on capillary blood using Cholestech LDX® device
(Med Tek, Salt lake city, Utah, USA) whose principle is based on
enzymatic reactions in series. The rate of LDLc was calculated
using the Friedelwald formula which is integrated in the software
of Cholestech LDX® device [16]. The thresholds defining lipid
disorders were: total cholesterol > 5.18 mmol/l, LDLc > 3.37
mmol / 1, HDLc < 1.04 mmol / 1 for men and < 1.30 mmol/1 for
women and TG > 1.71 mmol/1 [17]. Assays for serum creatinine
were performed using Genesys 20® spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA), the kinetic Jaffe method
and reagents were manufactured by Biomerieux®. We calibrated
the creatinine results measured with the Jaffe method against a
traceable isotope dilution mass spectrometry (IDMS) enzymatic
method as described elsewhere [10]. The Glomerular Filtration
Rate (GFR) was estimated by the abbreviated "Modification of
Diet in Renal Disease study (MDRD) formula [18]. According to
the KDIGO 2012CKD guideline, GFR was categorized as grade
1,2, 3a,3b,4 and 5 [12].

Urine: Mid-stream urine samples were collected into a sterile jar
in the morning, before the lunch. For women with menses, the
samples were taken one week after the end of menstruation. We
first tested all urine samples with the semi-quantitative Combi 9®
strips(Nagel, Duren, Germany). In case of samples containing
blood, white cells or nitrates, additional analyses including
bacteriological tests were performed. Patients with culture proven
urinary tract infection were prescribed antiseptics/antibiotics
before a second Combi 9 test. Urinary albumin and creatinine
measurements were performed by an immuno-assay method
using the Bayer DCA 2000® device (Bayer AG, Leverkusen,
Germany). The albumin excretion rate was expressed in mg/1 and
creatinine excretion rate in g/1. Albuminuria Al, albuminuria A2
and albuminuria A3 were defined as albumin to creatinine ratio
(ACR) < 30 mg/g, 30 to 299 mg/g and = 300 mg/g, respectively
[19].

Renal prognosis
According to GFR and ACR categories, four categories of renal

prognosis were defined: low risk; moderately increased risk; high
risk and very high risk (Figure 1) [12].

Figure 1. Prognosis of CKD by GFR and Albuminuria categories [12].
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Statistical Analysis

Analyses were performed using SPSS Version 21.0 (SPSS Inc,
Chicago, Il, USA). Data are presented as frequency, percentage,
median with interquartile (IQ), mean * standard deviation (SD).
Chi-square test, Student-# test, U Mann-Whitney test, ANOVA
and Kruskal-Wallis test were used for comparison of proportions
and means, where appropriate. Logistic regression analysis
was then performed to identify independent determinants of
moderately increased risk -high risk and very high renal -risk. A p
value < 0.05 indicated statistical significance.

Results
Study population and baseline characteristics

The 181 included T2DM patients (53% males; aged 56 + 11
years) had a known median duration of diabetes of 4 years (IQ:
1-10 years). HbAlc was 79 = 6 mmol/mol (9.4 = 2.7%). Only
64 patients (35%) had HbAlc < 64 mmol/mol (8%) and 36
patients (20%) had HbAlc < 53 mmol/mol (7%). Seventy nine
patients (44%) were hypertensive and all of them were taking
blood pressure-lowering drugs. 60% of hypertensive patients
received a calcium channel blocker (CCB), 18% a diuretic, 9%
a CCB combined with a diuretic, 9% a angiotensin converting-
enzyme inhibitor (ACEI) and 4% an ACEI in combination with
a diuretic. The overall frequency of overweight was 32.6% versus
18.8% for obesity (grade 1=14.9%, grade 2=3.3%; grade 3:0.6%),
with a lower prevalence in men than women (13% versus 26%,
p<0.017). Abdominal obesity (54% in the whole group) was
also less frequent in men (30%) than women (81%) (p<<0.001).
High levels of total cholesterol, LDLc and TG were observed
in 31.9%, 38.9% and 16.2% of patients respectively. HDLc was
low in 78.1% of patients. Only 25 patients (6.6%) were receiving
statins and 55 patients (14.4%) an anti-platelet agent. Smoking and
alcohol consumption were reported in 8.7 and 28.5% of patients,
respectively. Other clinical and biological data are detailed in Table
1.

Frequency and Prognosis of CKD in the study population

The relative frequencies of each category of GFR and albuminuria
are listed in Table 2. In total, one hundred and seven patients
(58.9%) had CKD while 74 patients (40.9 %) had albuminuria Al
with GFR > 60 ml/min/1.73 m* (no CKD). As regards the renal
prognosis, 74 patients (40.9%) had a low risk versus 45 patients
(24.9%) a moderately increased risk; 24 patients (13.3%) a high
risk and 38 patients (21.0%) a very high risk. Figure 2 shows that
a very high renal risk was less frequent in overweight and obese
patients.

Determinants of Renal prognosis

The determinants of very high renal risk are depicted in Table
3. In multivariable analysis, duration of diabetes = 5 years and
systolic blood pressure (SBP)>130 mmHg were associated with
a significantly increased risk whereas abdominal obesity and
HAlc 2 64 mmol/mol (8%) tended be associated with a lower
risk. Although overweight and global obesity were significantly
associated with very high risk in univariate analysis, the association
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did not persist in multivariable analysis. Lipid abnormalities (total
cholesterol, LDL cholesterol, HDL cholesterol, triglycerides)
were not associated with a very high renal risk.

Pulse pressure (PP) > 60mmHg emerged as the single determinant
of moderately increased and high renal risk (Table 4). Once
again, abnormalities of body weight and lipid disorders were not
associated with a moderately increased renal risk.

Discussion

The present study showed that in T2DM subjects in DRC,
abdominal obesity and high HbAlc were associated with a lower
frequency of very high renal risk whereas high SBP, long duration
of diabetes and high PP were associated with a worse renal
prognosis. Lipid abnormalities, obesity and overweight were not
associated with renal prognosis. Moreover, many patients were at
high or very high renal risk.

Renal prognosis is evaluated on the basis of albuminuria and
glomerular filtration rate, two parameters strongly associated with
progression to end stage renal disease (ESRD) [20]. On the other
hand, it is known that relatively few patients with CKD progress
to ESRD and many of them die, mostly from cardiovascular
disease prior to dialysis [21, 22]. The inverse association between
abdominal obesity and very high renal risk is in line with the
reverse epidemiology literature in ESRD patients [0-8]. In practice,
these data suggest that there is probably no benefit to recommend
weight loss in T2DM with CKD already established. Possible
causes of the reverse epidemiology in ESRD and in dialysis
patients
overnutrition), role of micronutrients, protein-energy wasting and

include competitive risk factors (malnutrition versus

inflammation, hemodynamic instability, alteration of circulatory
cytokines, sequestration of uremic toxins in adipose tissue, and
endotoxin-lipoprotein interaction [8]. However, according to
recent data from the United States, being overweight is associated
with a significantly lower mortality as compared with the normal
weight category in the general population [23]. Relative to normal
weight, both obesity (all grades) and grades 2 and 3 obesity were
associated with significantly higher all-cause mortality. Grade
1 obesity overall was not associated with higher mortality, and
overweight was associated with significantly lower all-cause
mortality [23]. The use of predefined standard BMI groupings
can facilitate between-study comparisons. In sub-Saharan Africa
(SSA), specifically in Nigeria, Ulasi et al reported that BMI and
WC are negatively correlated with albuminuria [24]. The fact that
the majority of T2DM obese patients in our study had obesity
grade 1, may in part explain our results. It is therefore important
to conduct studies with a larger sample that can categorize the
different grades of obesity and central obesity in order to assess
their implications for CKD prognosis.

We found an inverse association between HbAlc and a very high
renal risk. This can probably be explained by the cross-sectional
design of our study: indeed renal filtration and catabolism of
insulin fall in renal insufficiency with a resultant tendency to
hypoglycaemia. In contrast, in a recent Prospective cohort analysis
of 11,357 american subjects (773 with a history of diagnosed
diabetes), Selvin E et al showed that categories of HbAlc were
associated with the risk of CKD, with adjusted hazard ratios
(HRs) of 1.12 (0.94-1.34) and 1.39 (1.04-1.85) for HbAlc 5.7-
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Table 1. General characteristics of the study population.
Whole group | BMI = 25 kg/m*n=93 BMI < 25 kg/m?* n=88 P
Age, years 56 + 41 579 56 £13 ns
Male, % 51 45 59 0.041
Duration of diabetes, years 4 (1, 10) 4(1,9.5) 52,11 ns
SBP, mmHg 141 £ 25 142 £ 25 139 £ 24 ns
DBP, mmHg 87+ 13 88 + 12 86+ 13 ns
PP, mmHg 54+ 18 54+ 18 54+ 17 ns
WC, cm 90 £ 12 98+ 9 8219 < 0.001
HbA1lc mmol/mol 79.4 +22.8 769 £ 21.1 82.8 +229 0.075
(%) (9.4 £27) (9.1 £2.5) (9.8 £2.7)
TC, mmol/1 46+ 1.1 47+1.0 46+1.1 ns
HDL, mmol/] 1.0+ 0.4 09 £ 0.4 1.0+x0.4 ns
LDL, mmol/] 3.0£1.0 31+£1.0 29+ 1.1 ns
TG, mmol/l 1.3+0.8 1.4+0.9 1.2+0.7 ns
Creatinine, mg/dl 1.1 (0.9, 1.5) 1.1 (0.9,1.5) 1.1 (0.9,1.7) ns
eGFR, ml/min/1.73 m? 78 £ 40 83 + 38 59 + 31 ns
Albuminutia, mg/g 30 (10, 174) 20 (7.5, 80.5) 39.5 (15, 266) 0.006

Values are expressed as mean T standard deviation (SD), median and 1Q, numbers and proportions (%), as appropriatenesss: not signifi-
cant; SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; MBP: mean blood pressure; WC: waist circumfer-
ence; BMI: body mass index; TC: total cholesterol; TG: triglycerides; LDL: low density lipoprotein; HDL: high density lipoprotein; TC:

total cholesterol; HbAlc: glycated hemoglobin.

Figure 2. Risk renal frequencies according to BMI and WC categories.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
Normal
weight

Overweight
and Obesity

Abdominal
obesity

Low risk

Moderately increased risk
High risk

Very High risk

No
Abdominal
obesity

6.4% and = 6.5%, respectively, as compared with <5.7%. The
corresponding HRs for ESRD were 1.51 (0.82-2.76) and 1.98
(0.83-4.73), respectively (p for trend = 0.047) [25].

The results related to SBP and PP corroborate literature data
which indicate that in T2DM, SBP is a stronger predictor than
DBP of renal outcomes and a high baseline PP a strong risk
factor for CKD progression [26].

Our study has some limitations that must be acknowledged. First,
our results can not be generalized to all T2DM since it is not
a multicentric study and moreover, the sample size is not very
large. Second, the study site (university hospital), may lead to

underestimate the renal prognosis, due to the expected referral
bias of more severe cases. Thirdly, the search for risk factors of
any disease ideally requires a cohort study rather than a cross-
sectional study as is the case in this study. This is especially true
for abnormalities of body weight that were associated with a lower
renal risk. It is also possible that patients with lower BMI or WC
have lower socioeconomic status and some comorbidities that
would explain that they have a worse CKD prognosis compared
to overweight and obese patients. Fourth, both eGFR and ACR
were assessed only once, thus not meeting the KDIGO definition
of CKD, but this has been the case in many other studies [27, 28],
and might change individual results but not those of a group of
patients.
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Table 2. Frequencies of GFR and albuminuria categories in the study population.

Albuminuria to creatininuria ratio
Categories of GFR| n (%)
<30 mg/g| 30-299 mg/g |= 300 mg/g
1 52(28.7) 33 15 4
2 74(40.9) 41 24 9
3a 25(13.8) 10 10 5
3b 14(7.7) 6 5
4 8(4.5) 1 5
5 8(4.5) 1 7

Table 3. Risk factors associated with a very high renal risk.

Univariate analysis Multivariable analysis
p OR | CI9% % p |aOR | CI95%
Age = 55 years 0.01 3.31 | 1.26-8.69 | ns
DBP = 80 mmHg 0.032 | 2.68 | 1.02-7.04 | ns
SBP = 130 mmHg | <0.001 [ 10.75 | 2.86-38.46 |0.001| 15.87 |3.20-76.92
PP = 60 mmHg <0.001| 6.06 | 2.20-16.66 | ns
Diabetes = 5years [ <0.001| 531 | 2.11-13.33 (0.001{ 8.69 |2.45-30.30
Overweight and Obesity [ 0.011 | 0.32 | 0.13-0.78 | ns
HAlc = 64 mmol/mol | <0.001| 0.18 | 0.07-0.46 |0.001| 0.13 |0.04-0.45
Abdominal obesity 0.024 | 0.37 | 0.15-0.90 |0.036| 0.28 |0.09-0.91

Table 4. Risk factors associated with moderately increased and high renal risk.

Univariate analysis Multivariable analysis
P OR | CI95% p |aOR| CI95%
Age = 55 years old | 0.036 | 1.91 | 1.00-3.66 | ns
PP = 60 mmHg 0.002 | 3.65 | 1.57-8.49 [ 0.004 | 3.44 | 1.46-8.06
Diabetes = 5 years | 0.043 | 1.93 [ 1.00-3.83 | ns
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