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ABSTRACT

Objectives The aim of this study was to determine the prawade of micro- or
macroalbuminuria among type 1 and type 2 diabettepts and to examine the relationship

with diabetes control parameters: haemoglobin AHBAc), blood pressure (BP) and lipids.

Design: Analytical cross-sectional study.

Setting and subjects. The study consisted of 754 patients with eithpet{ or type 2 diabetes

mellitus, attending a diabetic clinic at the KalafidHospital in Pretoria, South Africa.

Outcome measures. Micro- or macroalbuminuria and estimated glomerdilration rate
(eGFR).

Results: Of all patients, 88.9% had HhA> 7%, and 81% had low-density lipoprotein (LDL)
cholesterol>1.8 mmol/l. Overall prevalence of micro- or machkaahinuria was 33.6%.
Logistic regression revealed that HigAduration of diabetes, systolic BP, male sex and

triglycerides predicted microalbuminuria.

Conclusion: The prevalence of micro- or macroalbuminuria is gtudy falls within the ranges
of what has been previously reported in Africaallnpatients, HbAc and duration of diabetes
were the strongest predictors of microalbuminwaral age was the strongest predictor of a low
eGFR. Diabetes was poorly controlled, making tlogpssion to end-stage renal failure a real

concern in these patients.

Word count: 190.
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JEMDSA ORIGINAL ARTICLE

Introduction

In 1901, diabetes mellitus was described as “vagommon” in Africal Today, the situation

is different. According to the International Diabgfederation (IDF) atlas, 19.8 million people
had diabetes in 2013 in Afriéaand the number of patients is increasing. Diabietégrica is
associated with a higher complication rate thameneloped countries, including diabetic
nephropathy:*

Diabetic nephropathy is the major cause of endestagal disease (ESRD) in developed
countries (~30% of case3y.In the near future, diabetic nephropathy is exgéd become
the most frequent cause of ESRD in the developimddy About 20% to 30% of people with
either type 1 or type 2 diabetes develop nephrgpatinose incidence increases with the
duration of diabete3.Certain ethnic groups (Native Americans, Mexicamekicans, and
African Americans) demonstrate a higher prevaleateof severe nephropathy in comparison
to Caucasiand®

In Africa, the prevalence of diabetic nephropatlapges from 32% to 57% and overt
proteinuria is found in 5% to 28% of diabetic pat&® Furthermore, diabetes mellitus
contributes to a third of all patients in dialysists in Africa® Diabetic nephropathy is a major
public health concern, because dialysis and kidtrapsplantation therapy are almost
completely inaccessible to most diabetic patintsfiica® Already, a 12-year follow-up study
conducted in South Africa in a cohort of type 2bdiac patients showed that ESRD was a
major cause of death in 29% of patients predomipaon-Caucasiat’ Once a patient reaches
the renal-failure stage, therapeutic options anééid given the severe shortage of dialysis slots
in South Africa. Therefore measures to prevent éyddisease are crucial. Early medical
interventions and lifestyles changes such as rexuof protein intake and smoking cessation
have been shown to slow the progression from miicubainuria to overt proteinuria and
eventually ESRD. Furthermore, there is impressik@eamental and clinical evidence that
angiotensin-converting enzyme (ACE) inhibitors hayecific renoprotective properties in
patients with diabetic or non-diabetic renal diseako have proteinuris.

The aim of this study was to: determine the prewadeof diabetic nephropathy (micro- or
macroalbuminuria) among type 1 and type 2 diabe#éittents who attended the Kalafong
Diabetes Clinic in Pretoria (South Africa); and emxae the relationship between diabetes
control parameters including haemoglobitt AHbA:1c), blood pressure (BP) levels and lipids

and diabetic nephropathy in this group of predomtityaAfrican patients with diabetes.
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Method
Study design
The study was an analytical cross-sectional study.

Setting

The study was conducted at Kalafong Hospital, wisch tertiary public hospital in Pretoria,
Gauteng province (South Africa). The hospital sea®a training site for the Faculty of Health
Sciences of the University of Pretoria. Patienesa the Kalafong Diabetes Clinic are usually
referred on the basis of two criteria: firstly,h&t poorly controlled diabetes or BP; or, the

presence of diabetic complications.

Subjects

Data were extracted from the electronic databafisedkalafong Diabetes Clinic of all patients
who attended the clinic from January to Decembé&f2Patients were excluded from the study
if they were under 18, had either secondary or taicetype diabetes, or had nephropathy
stemming from other causes. Patients were alsa@edlif they attended the clinic only once
in 2012 or if they did not have at least one oremarthe following measurements done: HbA
serum creatinine and urine albumin-to-creatiniri® r@arine ACR).

Approval for the study was obtained from the Facwit Health Sciences Research Ethics
Committee, University of Pretoria (154/2013).

M easur ements

Every patient who attends the Diabetes Clinic lsedaled for a minimum of four visits per
year (one every three months). Kidney functionsseased twice a year (every six months)
with a serum creatinine and urine ACR on a randanewsample. HbAc concentration, serum
concentrations of creatinine, total cholesteraghhilensity lipoprotein (HDL) cholesterol and
triglycerides are measured in peripheral blood; lamddensity lipoprotein (LDL) cholesterol

is calculated using the Friedewald formula. All BBasurements were taken with an electronic
BP machine (EDAN Vital Signs Monitor, model M3A).

Statistical analysis
Data were statistically analysed by means of STAM&rsion 12 (StataCorp LP, College
Station, USA) and IBM SPSS® Statistics version M Corporation, Somers, NY).

Descriptive statistics were done for all variablgth appropriate methods based on the type

4
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and the distribution of the data. Frequency talitesss tabulation and Chi square tests were
used. Logistic regression was performed to detegmihich predictor variables influence the
outcome.

Logistic regression was conducted as follows: umate logistic regression was done for all of
the following variables: sex, race (dummy varialese created for Black, White, Indian and
Coloured patients), age, type of diabetes, snudf egyarette smoking, BMI, duration of
diabetes, duration of hypertension, HbAtotal cholesterol, LDL cholesterol, triglycerides
HDL cholesterol, mean systolic BP, mean diastol; Bse of ACE inhibitors, coefficient of
variance of systolic BP measurements and coefticevariance of diastolic BP measurements
(as indicators of BP variation).

All variables with a p-value of more than 0.2 im@variate analysis were excluded from the
multivariable logistic regression. All analysis wamsecutively done, dropping variables from
the preceding model that contributed the leagtémierall performance of the model until the
most parsimonious model was obtained with the leastber of predictor variables.

The dependent variables were the estimated gloarerfiltration rate (eGFR) <60
ml/min/1.73n% (Stage 2 Chronic Kidney Disease and above) andoailsuminuria based on
urine ACR of more than 2.5 for males and 3.5 fondées. The eGFR was calculated by using
the Modification of Diet in Renal Disease Study (®D) equation: eGFR (ml/min/1.73in
=186 x (serum creatininé}>* x (agef-?% x (0.742 if female) x (1.212 if Black¥. This
multivariate analyses were done for type 1 and &pebetic patients combined and for both

groups separately.

Results

The study population was all 798 diabetic patiemt® had attended the Kalafong diabetic

clinic in 2012. In 2012, the number of visits atled per patient on average was 4.09 (x0.92),
ranging from 1 to 6 visits. Of all patients 44 wepeluded: 8 were < 18 years old, 11 attended
only one visit or lacked information (such as HbAserum creatinine or urine ACR), and 25

had secondary diabetes or the type of diabetesim@stain (Figure 1).
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Total number of patients in 2012:

Patients excluded for age less than 18
years old:
8

Patients excluded for attending less than
2 visits and having no HbA1C, or no 4
sCreat, or no urine ACR: il

1

Patients excluded for type of diabetes
uncertain (21) and secondary (4):
25

A 4

v

Patients included in the analysis:
754

Figure 1: Flow chart of patientsincluded in the study

Demographic and clinical characteristics of the ga#lents who fulfilled the inclusion criteria
are reported in Table I.

The patients were predominantly black (91.1%) arddle (62.9%) with a mean age of 57.2
(x14.9) years old. The majority of the 754 patief®8.6%) had type 2 diabetes. The median
duration of diabetes was 11 years. Most patiert8¢8) had never smoked and 10.5% were
current smokers at the time of data collection. Magority of patients (84.4%) were classified
as overweight and obese with a mean BMI of 31.57+kg/nt. High BP was diagnosed in
79.2% of the patients, of which 75.1% were recg\WCE inhibitors.
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uuuuuuuuuuuuuuuuuuuuuuu

vvvvvvvvvvvvvvvvvvvvv

Tablel: Clinical characteristics of diabetic patients who attended the clinicin 2012

Characteristics N Statistics
(N=754)
Age Mean = 57.2
SD =149
Gender
Male| 280 37.1%
Female| 474 62.9%
Race
Black | 687 91.1%
White 27 3.6%
Coloured 3 0.4%
Indian 37 4.9%
Diabetes type
Type 1| 252 33.4%
Type 2| 502 66.6%
Duration of diabetes Range = 0 to 64 years
Median = 11 years (IQ - 6 to 18)
Smoking status
Current 79 10.5%
Never| 541 71.8%
Stopped 130 17.2%
Unknown 4 0.5%
Snuff use
Yes 62 8.2%
No 666 88.3%
Unknown 26 3.5%
BMI 734 Mean = 31.5
SD=6.7
Underweight (<18.5 8 1%
Normal (18.5-25) 107 14.6%
Overweight (25-30) 214 29.2%
Obese class 1 (30-3%5) 199 27.1%
Obese class 2 (35-40 129 17.6%
Obese class 3 (>40) 77 10.5%
Hypertension* 597 79.2%
Unknown 2 0.3%
Duration of hypertension 595 Range = 0 to 62 years
Median =11 years (IQ—7to 1
ACE inhibitor use 566 75.1%

*Hypertension >140mmHg systolic and/or 90mmHg dikst

In Table I, patients are compared according tar thype of diabetes. As expected type 1

patients were significantly younger than type 2grdas (mean age 46.5 vs 62.6 years, p-value
<0.001), had shorter known duration of diabetes4¥% 13.4, p-value =0.003) and had lower

frequencies of hypertensive disease (57.1% vs 90p2¢alue <0.001).
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Tablell: Description of the study population according to their type of diabetes.

uuuuuuuuuuuuuuuuuuuuuuu
vvvvvvvvvvvvvvvvvvvv
vvvvvvvvvvvvvvvvvvvvv

Characteristics Tvoe 1 Tvpe 2
0252 02502 p-value
| Age in years, mean (SD) 46.5 (15.6) 62.6 (11.3) .000
Gender, n (%) Male 122 (48.4) 158 (31.5) <0.001
Female| 130 (51.6) 344 (68.5)
Race, n (%) Blagk 235 (93.3) 452 (90) 0.001
White| 14 (5.6) 13 (2.6)
Coloured 0 3 (0.6)
Indian 3(1.2) 34 (6.8)
Smoking status, n (%) Currept 36 (14.3) 43 (8.6) 0.08
Never| 169 (67) 372 (74.1)
Stopped 46 (18.3) 84 (16.7)
Unknown 1(0.4) 3 (0.6)
Snuff use, n (%) 17 (6.8) 45 (9) 0.121
Unknown| 13 (5.2) 13 (2.6)
Duration of diabetes in years,| 11.4 (8.3) 13.4 (8.4) 0.003
mean (SD)
BMI, mean (SD) 29.3 (6.5) 32.5 (6.5) <0.00%
Hypertension, n (%) 144 (57.1) 453 (90.2) <0.001
Unknown 2 (0.8) 0
Duration of hypertension, 11 (8) 14.2 (9) <0.001
mean (SD)
ACE inhibitor use, n (%) 169 (67.1 397 (79.1 oL

Evaluation of diabetes control parameters: HbAic, BP and lipids

The HbAc of patients ranged between 5.4% and 22.5%, wittedian of 9.6%. The mean
systolic BP was 140.4 (+16.9) mmHg, and the meastdiic BP was 80.9 (£9.8) mmHg. The
medians for total cholesterol, triglycerides andLLidere 4.4 mmol/l, 1.4 mmol/l and 2.5

mmol/l respectively (Table IlI).
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Tablelll: Diabetes control parameters

Variables N Statistics
HbA1c (%) 745 Range = 5.4 t0 22.5
Median = 9.6 (IQ — 7.8 to 11.8)
BP (mmHgQ) 754
Systolic BP Mean = 140.4, SD = 16.9
Diastolic BF Mean = 80.9, SD = 9.8
Lipids (mmol/l)
Total cholestero 706 Median = 4.4, 1Q: 3.7 t0 5.2
Triglycerides 702 Median =1.4,1Q: 0.9t0 2.1
LDL* 690 Median = 2.5,1Q: 1.91t0 3.1

#Systolic BP: Good <140mmHg, Moderate 140-160mmHmrP-160mmHg;Diastolic BP: Good <80mmHg,
Moderate 80-100mmHg, Poor >100mmHg; *LDL was calted with the Friedewald formula. LDL could not

be calculated in a number of patients who had kegly triglycerides

A small proportion of the study population (11.1%6t the HbAc targets (HbAc <7%),

13.8% type 1 patients and 9.8% type 2 patientsuf\balf of type 1 patients (50.4%) recorded
an HbAc over 10%. More than 66% of type 1 patients hadadgystolic BP, against 49.2%
of type 2 patients. Most patients (96.2%) had atdlac BP of less than 100 mmHg. All patients
had relatively good total cholesterol and triglydes levels, but 79.5% of patients had LDL

levels equal to or more than 1.8 mmol/I.

Assessment of therenal function of patients: urine ACR and eGFR

TablelV: Assessment of renal function using eGFR and urine ACR.

Variables N | Statistics

Urine ACR (mg/mmol) 735 Range = 0.0001 to 977
Median = 1.3 (IQ: 0.6 to 5.6)

Normal 488 | 66.4%

<2.5 (Male); 3.5 (Female)

Microalbuminuria 169 | 23%

2.5-25 (Male); 3.5-35 (Female)

Macroalbuminuria 78 | 10.6%

>25 (Male); >35 (Female)
eGFR (MDRD) (ml/min/1.73n%) | 721 | Range = 1.99 to 430.56
Median = 102.31 (IQ: 71.4 to 138.9b)
>60 ml/min/1.73r | 721| 82.7%
<60 ml/min/1.73mM 17.3%

Of the study population 66.4% had a normal urindRA@eaning less than 2.5 mg/mmol for
males and 3.5 mg/mmol for females. The median dsmbiurine ACR for both sexes was
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1.3 mg/mmol. The prevalence of microalbuminuria ®a%. The eGFR of the patients using
the MDRD formula ranged between 1.99 and 430.56 witmedian of 102.3 ml/min/1.73m
A low eGFR (<60 ml/min/1.73/ was recorded in 17.3% of patients.

Logistic regression analysis.

Logistic regression analysis was conducted to deter which predictor variables influence
the outcome: microalbuminuria (urine ACR) and loBFR (< 60 ml/min/1.731) in all
patients, then in type 1 only and finally in typerdy.

Prediction success achieved for microalbuminuriaragreall patients was 75.1% with a model
Chi square of 146.986 (p-value <0.001). The vaeslsystolic BP (p-value <0.001), HbA
(p-value <0.001), duration of diabetes (p-value08Q), triglycerides (p-value =0.008) and
male sex (p-value <0.001) made a significant cbation to the prediction. Thus, if the values
of systolic BP, HbAc, duration of diabetes and triglycerides are ralsg@ne unit, the odds
of obtaining microalbuminuria are more likely taiease. The use of ACE inhibitors did not
seem to have an influence on microalbuminuria assored by the urine ACR.

Prediction success for eGFR in all patients was.6®%st of the full model against a constant
only model was statistically significant, indicajirthat the predictors as a set reliably
distinguished between diabetic patients with eGFER #l/min/1.73m and the others (Chi
square = 122.555, p-value <0.001). Nagelkerké'sf®.213 indicated a moderate relationship
between prediction and grouping. The independenaas that contributed significantly to
the prediction were age (p-value <0.001), duratibinypertension (p-value =0.022) and being
Indian (p-value =0.005). It should be noted thatuaexpected difference was demonstrated
for predictors of urine ACR and eGFR. The numbelndfan patients was small in the study.
Despite this small number, it was still a significaredictor of lower eGFR.

A logistic regression analysis was conducted tadiptemicroalbuminuria among type 1
diabetic patients only. The model chi square hadlae of 49.678 and a p-value <0.001. The
Hosmer-Lemeshow (H-L) goodness-of-fit test statigtas greater than 0.05; the model was,
therefore, quite a good fit. HhA(p-value <0.001), duration of diabetes (p-valued8Q) and
triglycerides (p-value <0.001) contributed sigraintly to the model. In this model the use of
ACE inhibitors seemed to play a non-significanttpative role.

Prediction success for eGFR worse than stage I7%&%. The H-L goodness-of-fit test was
0.055, which means that the estimate of the motedfthe data at an acceptable level. Age
(p-value <0.001), systolic BP (p-value =0.022) aoefficient variation of diastolic BP (p-
value =0.008) significantly contributed to the mbde

10
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Finally, logistic regression analysis to predicFG<60 ml/min/1.73rhand microalbuminuria
among type 2 patients was conducted. Overall priedisuccesses were 73% and 65% for
microalbuminuria and eGFR respectively.

For microalbuminuria among type 2 patients, theepehdent variables that contributed
significantly to the prediction were HRA (p-value <0.001), duration of diabetes (p-
value <0.001), systolic BP (p-value <0.001), mabe (-value <0.001) and ACE inhibitors (p-
value =0.025). According to the model, the use GEANhibitors was negatively associated
with microalbuminuria, thus protective (OR =0.588% CI: 0.336 - 0.928).

The independent variables that seemed to have asigaificant contribution to the prediction
for eGFR were age (p-value <0.001) and Indian desgevalue =0.008). From the above-
mentioned models it seems that protection relateltidian descent with regard to eGFR is
only valid in type 2 diabetic patients, probablyclese of the very few Indian patients with
type 1 diabetes.

Discussion

This analytic cross-sectional study with a studgylation of 798 diabetic patients attending a
tertiary care diabetes clinic in Pretoria (Southie) provided the opportunity to determine
the prevalence of micro- or macroalbuminuria, aadexamine theelationship between

microalbuminuria and putative risk factors.

Glycaemic control as measured by the Hbavas poor. More than 88% of patients did not
meet the HbAc target of below 7% as recommended by the 2012hSafrican Society for
Metabolism, Diabetes and Endocrinology (SEMDSA)glines. In a cluster-randomised trial
conducted in the Tshwane district, Webb et al fotirad more than 70% of patients had an
HbA:c value above 79 In another study conducted in a South African patan with type
2 diabetes, 73.8% of patients failed to meet tha {dltarget'* Poor glycaemic control has also

been reported in other parts of sub-Saharan Afege Town, Northern Ethiopia and Kenya).
15-17

Lipid control was poor, with 81% of patients havidgL-cholesterol value above 1.8 mmol/I.
Webb et al reported similar results, with more @96 of their study population having
uncontrolled lipids-3

In this study, the mean systolic BP was 140 mmHytae mean diastolic BP was 80 mmHg.
More than half of the patients (54%) had a diastBF above the target recommended by 2012

11
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SEMDSA guidelines. Webb et al reported a slightigher mean systolic BP and mean
diastolic BP — 43 mmHg and 85 mmHg respectivélidowever, Gill et al recorded lower

mean systolic BP (108 mmHg) and mean diastolic BPnimHg) compared to this stutfy.

In the present study, 84.4% of patients were ovigihweincluding 55.2% who were obese.
Webb et al found similar levels of obesity in th&indy, where more than 80% of patients were

overweightt®

One of the limitations of the present study is thafas a tertiary-clinic based study. The study
population was mostly patients who were difficolicontrol at a lower level of care, and were
therefore referred to the tertiary clinic. Thisfdience in the patient population might have
introduced some degree of referral bias, makingdjfitcult to extrapolate the results to the
general population or to primary health care diebetanagement. However, two other studies
conducted in South Africa also showed that diabstesrol was suboptimaf:1*The first study
was with diabetic patients attending primary heade clinics, but the study population from
the second study was attending a diabetic cling tertiary academic hospital similar to ours

after referral by their treating physicians at piignary health care clinics:'4

In this cross-sectional analysis, the prevalenamiofo- or macroalbuminuria among patients
with type 1 and type 2 diabetes was 33.6%; 23%nfaroalbuminuria and 10.6% for
macroalbuminuria. In other studies, various fregieshof microalbuminuria have been found,
ranging from 10.7% to 3996:2? This variation in the frequency of microalbumirsurhay be
attributed to different factors such as methodsriofe collection, differences in the populations
and sample size, ethnic susceptibility to develogphmopathy and definitions of

microalbuminuria.

The study reported in this paper showed a stadifticsignificant relationship between
microalbuminuria and both poor glycaemic controbfdc) and duration of diabetes. This
result was consistent when type 1 and type 2 diapatients were both included in the logistic

regression models, but also when analysed separatel

Poor glycaemic control is a well-defined contributo the development and progression of
microalbuminuria among diabetic patients. Ghoshalefound that HbAc was strongly
associated with microalbuminudd. However, Lutale et al failed to demonstrate any
significant relationship between the level of glgrac control and microalbuminuria in a

population of type 1 and type 2 diabetic patient$anzania?

12
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Ghosh et al could not demonstrate a significantetation between microalbuminuria and the
duration of diabetes, in contrast to the study rigabin this papet! These authors suggested
that the absence of a significant correlation betwaicroalbuminuria and diabetes duration
could be due to the difficulty in dating the onsétliabetes.

High BP is known as the most significant contribgtfactor in the development of diabetic
nephropathy in both type 1 and type 2 diabeticgo@s?? In the current study, systolic BP was
significantly associated with microalbuminuria ypé 2 diabetic patients and also when type
1 and type 2 diabetic patients were combined inpifeglictive model. Similar results were
found in two studies conducted in Tanzania in 280d 2012, as well as in a cohort of African
patients with type 1 diabetes in South Afrfé&3

Triglycerides were significantly correlated to nmatbuminuria in logistic regression models
for type 1 and type 2 patients combined and foe t{diabetic patients only. Male sex was
significantly predictive for microalbuminuria indcstic models for all diabetic patients and for
only type 2 diabetic patients. Male sex has beenipusly found as a factor associated with

high risk of nephropathy among type 2 diabeticqras’!

Although 10.5% of the patients were currently smgkiobacco, smoking was not predictive
for either microalbuminuria or for a reduced eGRHhis study. The failure to provide evidence
to confirm smoking as predictor of diabetic neplatbly could be explained by the low
prevalence of smoking in the study population. Paret al, who had a study population of
32 208 type 2 diabetic patients, found an assacidietween micro-/macroalbuminuria and
smoking (OR =1.15; 95% CI: 1.08 - 1.23.

In the current study, the use of ACE inhibitorsrsed to play a protective role in type 2 diabetic
patients, yet non-significantly in type 1 diabgpatients. Seventy-five percent of the study
population were on ACE inhibitors. Patients attegdihe Kalafong Diabetes Clinic did not
receive ACE inhibitors only when they could notetaite or had significant side effects from
ACE inhibitors, or when they had normal BP withounicroalbuminuria. This may have
contributed to confounding by indication or conimdication. ACE inhibitor use is not
commonly reported on in studies of diabetic nepatiop among African patients. In
Pinchevsky et al study, 80% of all patients weseréng ACE inhibitors* Ghosh et al found
that hypertensive patients who are on ACE inhikitmrangiotensin receptor blockers (ARBS)
were three times more likely to have normoalbumagompared to those using other anti-

hypertensive medicatiors.
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In this study, the median eGFR was 102.3 ml/midtié7and 17% of the patients had more
than stage 1 renal insufficiency (eGFR <60 ml/mif@ir?). These results are similar to those
found in a cross-sectional study evaluating digbpatients from 33 countries where the
authors reported that eGFR was below 60 ml/minih?i8 22% of the patients.

A low eGFR (<60 ml/min/1.73/ was significantly associated with age in all med&he
Indian race was predictive of lower eGFR. Howettsg, number of patients of Indian descent
was small in the study (37/754). Despite the smathber, it was still a significant predictor
of lower eGFR. This may be explained by the faat ffatients of Indian descent have a lower

muscle mass that can explain the lower eGFR.

In the present study, micro- or macroalbuminurizs wat always confirmed by two urine
specimens contrary to most recommendations. Howeveimilar method has been used in

other settings®2°
One of the strengths of this study is the sizénefgtudy population.
Conclusion

The prevalence of micro- or macroalbuminuria is #tudy falls within the ranges of what has
been previously reported in sub-Saharan Africalllpatients, HbAc and duration of diabetes
were the strongest predictors of microalbuminwarad age was the strongest predictor of a low
eGFR. Diabetes was poorly controlled, making tlegpssion to end-stage renal failure a real
concern in those patients. Therefore, the accerdt rhe put on measures to prevent the
progression of renal lesions: strict glycaemic oansmoking cessation, attainment of optimal
BP, initiating lipid-lowering therapy, and decreagurinary albumin excretion.
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JEMDSA representation

The Journal of Endocrinology, Metabolism and Diabetes of South Africa
(JEMDSA) is the official journal of SEMDSA (Society for Endocrinology,
Metabolism and Diabetes of SA), DESSA (Diabetes Education Society of SA),
NOFSA (National Osteoporosis Foundation of SA), SASOM (SA Society of
Obesity and Metabolism), LASSA (Lipid and Atherosclerosis Society of SA) and
PAEDS-SA (The Paediatric Endocrinology Society of SA).

SEMDSA has for many years strived to be an umbrella organisation for
affiliated South African professional societies with a focus and scope in
advancing research and education in the fields of endocrinology, metabolism
and diabetes.

Vision of the journal

JEMDSA aims to publish world-class scholarly work in endocrinology,
metabolism and diabetes. The journal is accredited by the National
Department of Education for the measurement of research output of public
higher education institutions and earns research subsidies for South African
academic departments.

Through stringent peer review, the journal also aims to make a regional
contribution to the international knowledge base of endocrinology, metabolism
and diabetes and hopes to also offer other African countries the opportunity to
make a world-class African contribution.

Through strategic indexing and compliance with larger databases of world-
class medical research, JEMDSA aims to eventually be indexed in larger
indexes such as Index Copernicus, Biosis, EMBASE, Medline and ISI.

The journal further aims to provide a platform for clinical reviews and debate on
practical and controversial issues in endocrinology, metabolism and diabetes.
The journal aims to be instrumental in publishing and revising therapeutic
protocols and national guidelines. Reviews will also be invited to address
pertinent clinical and therapeutic issues for its practising readership.

The print run of the journal is 2 000 and comprises the members of the various
societies, namely general physicians, endocrinologists, diabetologists, diabetes
nurse educators, lipidologists, beriatricians, paediatricians, gynaecologists
(specialising in osteoporosis and infertility) and general practitioners with a
special interest in endocrinology, metabolism and diabetes.

The Journal supports the mission of the societies and will assist them with
all aspects of communication, training, advocacy and by supporting and
stimulating local research.

Editorial and review policy

The Editors and Editorial Board will manage the Journal. The Editorial
Board consists of various associate editors who will act as section editors
for a specific subject area, as well as regular members who will assist the
associate editors in their work. All original research will be sent to the various
section editors by the Editor-in-Chief. The section editor, who manages the

peer-review process, will evaluate all original research and review papers
before they are subjected to further peer review by two independent,
expert reviewers. The section editors and Editor-in-Chief will jointly make
final decisions based on the review outcomes. The section editors are also
responsible to ensure that review articles adequately reflect current research
and trends in the specific field. Section editors will network with national
and international experts in a subject area to ensure that top reviewers and
authors contribute to the journal.

Copyright policy

Material submitted for publication in the Journal of Endocrinology, Metabolism
and Diabetes of South Africa (JEMDSA) is accepted provided it has not been
published elsewhere. JEMDSA reserves copyright of the material published.
Neither JEMDSA nor the Publisher may be held responsible for statements
made by the authors.

Ethical and legal considerations

The Journal supports the ‘National Code of Best Practice in Editorial Discretion
and Peer Review for South African Scholarly Journals’ available online at
www.assaf.org.za. Special attention will be devoted to conflict of interest,
patient’s right to privacy and approval of research protocols by a suitable
ethics review board.

Authorship

All named authors must give consent to publication. Authorship should be
based only on substantial contribution to:

1. Conception and design of the research protocol and analysis and
interpretation of data.

2. Drafting of the article or revising it critically for important intellectual
content.

3. Final approval of the version to be published.

All three of these conditions must be met (Uniform requirements for
manuscripts submitted to biomedical journals; www.icmje.org/index.html).

Authors must declare all sources of support for the research and any
association with the product or subject that may constitute conflict of
interest.

Protection of patient’s rights to privacy

Identifying information should not be published in written descriptions,
photographs, and pedigrees unless the information is essential for scientific
purposes and the patient (or parent or guardian) gives informed written
consent for publication. Informed consent for this purpose requires that the
patient be shown the manuscript to be published. (www.icmje.org)

Ethnic Classification

Work that is based on or contains reference to ethnic classification must
indicate the rationale for this.
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Manuscript categories

Manuscripts submitted to JEMDSA must be in the form of Original Research,
Scientific letters, Clinical Review Articles, Critical appraisals of Clinical Trials
(CATs), Protocols for Debate, Brief Reports, Case Reports, Correspondence,
Clinical Quiz, Opinion or Forum Papers and Editorials. The Journal will consider
the publication of National Guidelines, Conference Proceedings, Supplements,
Press Releases and Book Reviews.

Original articles: Scholarly work in endocrinology, metabolism and diabetes
will be accepted for further review. Authors are advised to also consult the
various sections for which associate editors have been appointed. Papers in
basic science are also accepted and encouraged. Papers in these categories
must include a structured abstract (Background, Methods, Result and
Conclusion) of not more than 250 words (Medline requirement). Abstracts that
are longer than 200 words will be truncated by most international indexes and
will not be accepted. Original research papers must be 3 500 words or less
(excluding references), with up to 6 tables or illustrations. References should
preferably be limited to no more than 25.

Short reports or scientific letters: These include case reports, commentary
and critical appraisals of clinical trials, side effects of drugs and brief or
negative research findings. The contribution must fit onto one page and may
be 800 words in length if it contains no images, or 600 words if it includes one
small table or illustration. References must be limited to no more than six.

Editorials, Opinions, Issues in Medicine, etc. should be about 800 words
and are welcome, but unless invited, will be subjected to the JEMDSA peer
review process.

Review articles are encouraged but are mostly invited. All review papers will
be peer reviewed. All review articles must include a 250 word abstract and be
less than 3 500 words. References should be restricted to no more than 50.

Opinion or Forum articles: 150-200 word abstract, 1 800 words,
1 small table or illustration and < 15 references.

The Correspondence Column includes:

e |etters to the editor: < 400 words with only one small illustration or
table

¢ Book reviews: < 200 words plus cover image

e Local or international congress reports: < 600 words plus 2 photographs

e (Clinical quiz: < 3 clinical photographs or laboratory results plus a 100
word case study, description and/or 5 questions. Answers to the clinical
quiz may not exceed 100 words.

Obituaries should not exceed 400 words and may be accompanied by a
photograph.

Protocols for debate has been a feature of JEMDSA for some time. Both
diagnostic as well as management protocols are acceptable. The paper is
not peer-reviewed but subject to debate and discussion in subsequent issues
of the Journal.

Manuscript submission guidelines
All manuscripts must be submitted online at www.jemdsa.co.za

Please submit a cover letter as a supplementary file with the following:

1. Surnames, initials and qualifications of all authors in the correct
sequence

2. Full contact details of corresponding author: Title, first name, surname,
e-mail address, mobile, office and fax number and postal address.

3. Declaration on copyright and originality of paper and acknowledgement of
any third party sources (references and images) exempting the author(s),
journal and publisher of plagiarism.

4. Declaration regarding authorship
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5. Ethics committee approval
6. Conflicts of interest

The online submission process will prompt authors to check off the following

declarations:

1. This manuscript has currently only been submitted to JEMDSA and has
not been published previously.

2. This work is original and all third party contributions (images, ideas and
results) have been duly attributed to the originator(s).

3. Permission to publish licensed material (tables, figures, graphs) has been
obtained and the letter of approval and proof of payment for royalties have
been submitted as supplementary files.

4. The submitting/corresponding author is duly authorised to herewith
assign copyright to the JEMDSA.

5. All co-authors have made significant contributions to the manuscript to
qualify as co-authors.

6. Ethics committee approval has been obtained for original studies and is
clearly stated in the methodology.

7. Aconflict of interest statement has been included where appropriate.

8. The submission adheres to the instructions to authors in terms of all
technical aspects of the manuscript.

How to submit your paper online:

1. Visit www.jemdsa.co.za

2. Register on the website as an author and log in.

e (Click on LOG IN and log in with username and password if already
registered

e If you have forgotten your password click on Forgot your password?

e If you are not registered, click on Not a user? Register with this site

3. Select Author.

4. Click on CLICK HERE TO FOLLOW THE FIVE STEPS TO SUBMIT YOUR
MANUSCRIPT.

5. Follow the five steps to submit your paper.

Electronic submissions by post:

JEMDSA, PO Box 14804, Lyttelton, 0140, Gauteng, South Africa
Please request an indemnity form +27 (0)12 664 7460 or toc@jemdsa.co.za

Technical manuscript preparation

All JEMDSA papers must comply with the Uniform Requirements for
Manuscripts Submitted to Biomedical Journal Journals (Ann Intern Med 2000;
133:229-231 [editorial]; http://www.icmje.org, full text).

All articles must be typed in 12 pt Times New Roman with double spacing.

Small tables and figures (1/4—1/2 page) may be included in the manuscript.
If tables are large (i.e. 1 page landscape) or if images are large in file size (>
500 KB), they must be uploaded as separate supplementary files (Step 4 in
electronic submission process).

Research articles should have a structured abstract not exceeding 200
words (50 for short reports) comprising: Objectives, Design, Setting, Subjects,
Outcome measures, Results and Conclusions. Refer to articles in recent issues
for guidance on the presentation of headings and subheadings.

Abbreviations: These should be spelt out when first used in the text and
thereafter used consistently.

Scientific measurements: These should be expressed in SI units except:
blood pressure should be given in mmHg and haemoglobin values in g/dl. If in
doubt, refer to ‘uniform requirements’ above.

lllustrations: Figures consist of all material that cannot be set in type, such
as photographs and line drawings. If any tables or illustrations submitted
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have been published elsewhere, the author should obtain written consent
to republication from the copyright holder and the author(s). All illustrations,
figures etc must be of high resolution/quality, preferably jpeg or equivalent but
not PowerPoint, and must be uploaded as separate supplementary files.

References: References should be inserted in the text as superior numbers
and should be listed at the end of the article in numerical and not in
alphabetical order. Authors are responsible for verification of references from
the original sources.

References should be set out in the Vancouver style using approved
abbreviations of journal titles; consult the List of Journals in Index Medicus
for these details.

Unpublished observations and personal communications may be cited in the
text, but not in the reference list.

Sample references can be found at: http://www.nIm.nih.gov/bsd/uniform_
requirements.html

Articles in Journals

Standard journal article

Halpern SD, Ubel PA, Caplan AL. Solid-organ transplantation in HIV-infected
patients. N Engl J Med. 2002 Jul 25;347(4):284-7.

More than six authors:

Rose ME, Huerbin MB, Melick J, et al. Regulation of interstitial excitatory amino
acid concentrations after cortical contusion injury. Brain Res. 2002;935(1-
2):40-6.

Books
Personal author(s)

Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Medical microbiology. 4th
ed. St. Louis: Mosby; 2002.

Electronic Material
Journal article on the Internet

Abood S. Quality improvement initiative in nursing homes: the ANA acts in
an advisory role. Am J Nurs [serial on the Internet]. 2002 Jun [cited 2002
Aug 12];102(6):[about 3 p.]. Available from: http://www.nursingworld.org/
AJN/2002/june/Wawatch.htm. Accessed 3 June 2007

Monograph on the Internet

Foley KM, Gelband H, editors. Improving palliative care for cancer [monograph
on the Internet]. Washington: National Academy Press; 2001 [cited 2002 Jul
9]. Available from: http://www.nap.edu/books/0309074029/html/. Accessed
6 January 2007

Homepage/Web site

Cancer-Pain.org [homepage on the Internet]. New York: Association of Cancer
Online Resources, Inc.; ¢2000-01 [updated 2002 May 16; cited 2002 Jul 9].
Available from: http://www.cancer-pain.org/. Accessed 3 May 2008

Galley proofs

Galley proofs will be forwarded to the author before publication and if not
returned within 2 weeks will be regarded as approved. Please note that
alterations to typeset articles are costly and will be charged to the authors.

Changes of address

Please notify the Editorial Department of any address changes so that proofs
etc may be mailed without delay.

R
OF PRETOR
ETOR

CPD points

Authors can earn up to 15 CPD points for published articles. Certificates will
be provided on request after the article has been published.

Advertising Policy

The Editorial Board of JEMDSA recognises the important role that
advertisements and sponsorships play in meeting the costs of the publication
and in ensuring the continued existence of the Journal. The Editors welcome
advertising or funding that are supportive of the objectives of the Journal and
do not conflict with the mission, vision and values statements of the Journal
or any of its representing societies.

The following guidelines shall be implemented for sponsorship and

advertising:

e Advertisements must be factual and in good taste.

e Advertised products or services must be in compliance with Act 101, “The
Code of Practice for the Marketing of Medicines in RSA”, the National Drug
Policy and regulations of the Medicines Control Council (MCC), Health
Profession Council of SA (HPCSA).

e Advertisements should not exceed 35% of the total editorial space.

e Advertisements and editorials/content will be clearly separated.

Non-designated support shall be acknowledged in the Journal.

The Editorial Board will be responsible for the final acceptance of any

advertorial material.

Tips on how to prepare your manuscript

1. Please consult the “Uniform requirements for manuscripts submitted
to biomedical journals” at www.icmje.org

. The submission must be in UK English, typed in Microsoft Word or
RTF with no double spaces after the full stops, double paragraph
spacing, font size 12 and font type Times New Roman.

. All author details (Full names, qualifications and affiliation) must be
provided.

. The full contact details of corresponding author (tel, fax, e-mail,
postal address) must be on the manuscript.

. There must be an abstract and keywords.

. References must be strictly in Vancouver format. (Reference numbers
in the text must be strictly numerical and be typed in superscript,
not in brackets and must be placed AFTER the full stop or comma.)

. Please consult the guide on Vancouver referencing methods at:
http://www.nlm.nih.gov/bsd/uniform_requirements.html

. It must be clear where every figure and table should be placed in the
text. If possible, tables and figures must be placed in the text where
appropriate. If too large or impractical, they may be featured at the
end of the manuscript or uploaded as separate supplementary files.

. All photographs must be at 300 dpi and clearly marked according to
the figure numbers in the text. (Figure 1, Table Il, etc.)

10. Scientific measurements: These should be expressed in Sl units
except: blood pressure should be given in mmHg and haemoglobin
values in g/dl. If in doubt, refer to ‘uniform requirements’ above.

11. All numbers below ten, without percentages or units, must be written
in words.

12. Figure numbers: Arabic, table numbers: Roman

13. Abbreviations: These should be spelt out when first used in the text
and thereafter used consistently.

14. The submission must be reviewed by a language expert proficient in
UK English.
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Diabetic nephropathy and its association with diabetes control
parameters in a tertiary care diabetes clinic

Executive Summary

Diabetes mellitus is a major global public health concern because of its high
prevalence, along with its high mortality and morbidity. Low- and middle-income
countries are not spared, with a contribution of over 80% of cardiovascular and
diabetes deaths occurring in those settings. Diabetic nephropathy (DN) is the major
cause of end-stage renal disease (ESRD) in developed countries such as the United
States of America (USA) and Japan, and it is expected to be the most frequent

cause of ESRD in the developing world including Africa.

Studies have shown that the frequency of renal complications of diabetes depends
very much on race, but there is still a dearth of published studies focusing on DN in
sub-Saharan Africa. Few studies have been conducted on DN in black Africans.
Therefore, there is a paucity of data collected and a limited knowledge on DN in

African populations.

The proposed study will be an analytical cross-sectional study. The study goal will be
to examine the possibility of a relationship between diabetes control parameters
(HbA1C, blood pressure level and lipids) and DN in African patients with diabetes.
The researchers will perform a retrospective analysis of data collected in 2012 from

the Kalafong Diabetes Clinic.
A better understanding of potential associations in Africans, especially when it

comes to the role played by different risk factors, will help improve the management

of these patients.
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1. Introduction and literature review

In 2012, diabetes mellitus (DM) was the cause of death of an estimated 4.8 million
people. Worldwide, diabetes is responsible for 8.2% of all deaths, and half of the
people who die from diabetes are under the age of 60.! Previously, DM was
considered a rare condition in sub-Saharan Africa.?® However, today, Africa is the
hardest hit region in terms of diabetes-related mortality.! Mortality attributable to
diabetes in sub-Saharan Africa was estimated in 2010 at 6% of total mortality - an

increase from 2.2% to 2.5% from 2000.2

Overall, more than 371 million people have diabetes according to the latest release
of the International Diabetes Federation (IDF) Diabetes Atlas.! There has been an
increase in the number of people with type 2 diabetes (T2DM) in every country.
Furthermore, four out of five people with diabetes live in low- and middle-income
countries.! Figure 1 shows the global estimates of the number of people with

diabetes worldwide according to IDF.

2011 2030 INCREASE
REGION MILLIONS MILLIONS
®Africa TR T 280 9%
@ Middle East and North Africa 32.8 59.7 83%
@ South-East Asia 71.4 120.9 69%
South and Central America 25.1 39.9 59%
Western Pacific 131.9 187.9 42%
North America and Caribbean 37.7 51.2 36%
Europe 52.6 64.0 22%
World 366.2 551.8 51%

Figure 1: Projections of the number of people with diabetes (20 - 79 years), 2011 and
2030.1

In Africa, the increase of the prevalence of diabetes is the result of factors such as

population ageing and lifestyle changes associated with rapid urbanisation and
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westernisation.?® According to IDF estimates in 2009, there will be a 98% increase in
the number of adults with DM on the African continent, between 12.1 million in 2010
and 23.9 million in 2030.? T2DM is the predominant form (70% to 90%) of DM in
Africa.>® Finally, African diabetes is associated with a high complication burden,

compared to developed countries.?3

1.1. Definitions

DM comprises a heterogeneous group of metabolic diseases that are characterised
by chronic hyperglycaemia and disturbances in carbohydrate, lipid, and protein
metabolism resulting from defects in insulin secretion and/or insulin action.
Hyperglycaemia is largely responsible for the acute, short-term, and late

complications that affect all body organs and systems.®

The aetiological types of DM include type 1, type 2, other specific types and
gestational diabetes. The requirement of insulin treatment is no longer used as a
means to classify diabetes since patients with any form of diabetes may require
insulin treatment at some stage of their disease. Type 1 diabetes mellitus (T1DM),
which accounts for only 5% to 10% of cases, results from pancreatic beta-cell
destruction. These patients are prone to ketoacidosis, coma and death. T2DM is the
most common type (> 90% of cases) and is predominated by disorders of insulin
action (insulin resistance), with insulin deficiency relative to demand (i.e. disorders of

insulin action and secretion).’

DM complications include macrovascular disease, leading to an increased
prevalence of coronary artery disease, peripheral vascular disease and stroke, and
microvascular damage causing diabetic retinopathy and diabetic nephropathy (DN),

and contributing to diabetic neuropathy.®

1.2. Diabetic nephropathy

DN also known as Kimmelstiel Wilson syndrome, was first discovered in 1936 by
Clifford Wilson and Paul Kimmelstiel who described the classic lesions of nodular

glomerulosclerosis associated with proteinuria and hypertension.®1°
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DN is both the major cause of end-stage renal disease (ESRD) in developed
countries (~30% of cases)®%!4, as well as the leading cause of chronic kidney
disease (CKD) in patients starting renal replacement therapy (RRT).'® In the near
future, DN is expected to be the most frequent cause of ESRD in the developing
world.*? About 20% to 30% of people with TIDM and T2DM develop DN, and the
incidence increases with duration of diabetes.® Elsewhere, it has been reported that
up to 35% of all patients with either TLDM or T2DM eventually develop nephropathy
after 25 to 30 years of diabetes.’® However, certain ethnic and racial groups
demonstrate high prevalence rates of severe nephropathy (Native Americans,

Mexican Americans, and African Americans).14

DN is a clinical syndrome characterised by persistent albuminuria (>300mg/24hr), a
relentless decline in glomerular filtration rate (GFR), and hypertension. Nephropathy
is rare during the first five years of diabetes, increasing to a peak at 15 to 20 years
after the onset of disease. Microalbuminuria (>30mg/day and <300mg/day), the
earliest clinical evidence of kidney damage, strongly predicts the development of DN
and is associated with increased cardiovascular mortality.'” The stages of classic DN

are illustrated in Figure 2, including diagnostic methods.

Stage of nephropathy
©°
E
S
Urine test = Microalbuminuria Overt proteinuria (microalbuminuria)

| I

Urine dipstick | Negative | Positive
Urinary Albumin Le'

v ] ] >
24-hour 30 mg/day 300 mg/day 1000 mg/day
ACR (male) 2.0 mg/mmol 20.0 mg/mmol 66.7 mg/mmol
ACR (female) 2.8 mg/mmol 28.0 mg/mmol 93.3 mg/mmol

ACR = urinary albumin: creatinine ratio

Figure 2: Stages of diabetic nephropathy with diagnostic methods.*®
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The cut-off values adopted by the American Diabetes Association (ADA) are 30 to
299 mg/g for microalbuminuria and >300 mg/g for macroalbuminuria measured on a

spot urine sample.*®

Table | and Table Il present the clinical stages of DN according to the GFR and to

urine albumin-to-creatinine ratio (ACR) respectively.

Table I: Clinical stages of diabetic nephropathy?®

STAGE GFR* UAE? BLOOD YEARS AFTER
(mg/day) PRESSURE DIAGNOSIS
I. Hyperfiltration Supernormal <30 Normal 0
II. Microalbumineria High-normal to 30-300 Rising 5-15
normal
Ill. Proteinuria Normal to >300 Elevated 10-20
decreasing
IV. Progressive Decreasing Increasing Elevated 15-25
nephropathy
V. ESRD# <15 mL/min Massive Elevated 20-30

#: end-stage renal disease; *: glomerular filtration rate; #:urinary albumin excretion

Table II: Stages of classic diabetic nephropathy according to urinary albumin level8

Urine dipstick Urine ACR 24- urine collection for
for protein (mg/mmol) albumin (mg/day) (mg/day)

Men Women

Normal Negative <2.0 <2.8 <30

Micro-albuminuria Negative 2.0- 2.8-28.0 30-300
20.0

Overt nephropathy Positive >20.0 >28.0 >300

(macroalbuminuria)

>66.7 >93.3 >1000

1.2.1. Screening for diabetic nephropathy
The ADA and the Canadian Diabetes Association (CDA), as well as the Society for

Endocrinology, Metabolism and Diabetes of South Africa (SEMDSA) recommend
that screening must be initiated at the time of diagnosis in patients with T2DM, and
at 5 years after diagnosis for TIDM patients. If microalbuminuria is absent, the

screening must be repeated annually for both TIDM and T2DM.7:1518.19
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The first step in the screening and diagnosis of DN is to measure albumin in a spot
urine specimen, collected either as the first morning urine or at random; for example,
during a medical visit.!%152° This method is accurate, easy to perform, and

recommended by the ADA guidelines.'®

Twenty-four—hour and timed urine collections are cumbersome and prone to errors
related to collecting samples or recording of time; therefore, they are not

recommended in routine clinical pratice.1519:21

The results of albumin measurements in spot collections may be expressed as
urinary albumin concentration (mg/l) or as urine ACR (mg/g or mg/mmol).> A urine
ACR of 2.0mg/mmol in men and 2.8mg/mmol in women (30mg/g in sex) or higher
suggests presence of microalbuminuria.'®?? Because of variability in urinary albumin
excretion (UAE), two of three specimens should be abnormal before the diagnosis of

DN is made.”1518.19

Screening should not be performed in the presence of conditions that increase UAE.
Such conditions include urinary tract infection, haematuria, acute febrile iliness,
vigorous exercise, menstruation, pregnancy, acute severe elevations of blood

pressure or blood glucose, and uncontrolled heart failure.”1518.23

The following are alternatives when specific UAE measurements are not available:
* Semi quantitative dipstick measurements of albuminuria (e.g. Micral Test II);
and
* A qualitative test for proteinuria (dipstick), or a quantitative measurement of

protein in a spot urine sample.'®

1.2.2. Assessment of renal function
Once the diagnosis of DN is made, the renal function must be assessed in order to

measure the progression of DN or eventually to confirm the need for treatment of
ESRD.?
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The measurement of glomerular filtration rate (GFR) is accepted as the best overall
measure of kidney function.'>2! The renal clearance of inulin during constant infusion
has been considered the gold standard for determination of GFR.?> However, this
method is not used because the procedures are cumbersome, and also because of

the cost and limited availability of inulin.?*

1.2.2.1. Measurement of GFR
GFR is measured as the urinary or plasma clearance of an ideal filtration marker

such as inulin. However, because of the reasons mentioned above, other markers

are preferred for the measure of GFR.

Serum creatinine is the most frequently used measure of kidney function in clinical
practice because of low cost and little inconvenience for the patient; however, the
creatinine may falsely indicate that a person’s renal function is normal.'824 In fact,
the generation of creatinine also depends on muscle mass and dietary intake of
protein. It should also be noted that some drugs, including trimethoprim, cimetidine,
salicylates, triamterene and amiloride, may interfere with creatinine excretion and
cause a false elevation in the serum creatinine value.?'?224 The use of serum

creatinine is recommended by the ADA, as well as by the SEMDSA.

1.2.2.2. Estimation of GFR
In clinical practice, the estimated GFR or eGFR can be calculated to evaluate kidney

function, using equations that take into account serum creatinine concentration and
some or all of the following variables: age, sex, race, and body size. The two
preferred methods are: the Cockcroft-Gault formula and the Modification of Diet in

Renal Disease (MDRD) study equation.t1:1521,24,25

The Cockcroft—-Gault formula was developed in 1973. This method estimates
creatinine clearance, which is known to overestimate GFR because of the tubular
secretion of creatinine.?®> The values are not adjusted for body-surface area; a
comparison with normal values for creatinine clearance requires measurement of

height, computation of body-surface area, and adjustment to 1.73 m?.24

Page 8 of 25

© University of Pretoria



The Modification of Diet in Renal Disease (MDRD) study equation was developed in
1999.2! The equation estimates GFR adjusted for body-surface area. GFR is
expressed in millilitres per minute per 1.73 m?, and race is either black or not; the
MDRD formula is more accurate than either the use of the Cockcroft—-Gault formula
or the measurement of creatinine clearance.?’?* The MDRD formula is now
considered state of the art for routine clinical estimation of renal function.2®

In some studies, the MDRD study equation has been reported to be more accurate
than the Cockcroft-Gault formula, in contrast other studies have found that they
produce similar results.?* The Cockcroft-Gault formula appears to be less accurate
than the MDRD study equation in older and obese people,?* whereas the MDRD
equation accounts for the biological differences in creatinine metabolism observed in

black patients compared to white patients.?®

The classification of CKD according to the eGFR is presented in Table IlI.

Table Ill: Stages of CKD according to eGFR?*8

Qualitative description eGFR (mL/min)
1 Kidney damage, normal GFR 290
2 Kidney damage, mildly decreased GFR 60-89
3 Moderately decreased GFR 30-59
4 Severely decreased GFR 15-29
5 End-stage renal disease <15 (or dialysis)

1.2.3. Risk factors

1.2.3.1. Factors that accelerate DN progression
Numerous studies have demonstrated the influence of a variety of modifiable and

non-modifiable factors on the development and progression of nephropathy in
diabetic patients.

* Non-modifiable factors:
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= Genetic susceptibility: Epidemiological and familial studies have demonstrated
that genetic susceptibility contributes to the development of DN in both TI1DM
and T2DM patients.**®> The familial clustering of DN has been described,?®
and several studies have shown an association between a family history of
ESRD and increased risk of ESRD.?":28

= Race: Incidence and severity of DN are increased in blacks, Mexicans
Americans, Pima Indians, and Hispanics compared with Caucasians;?’-2°

= Male gender;?%2° and

*= Advanced age.?®

* Modifiable factors:

Potentially modifiable DN initiation and progression risk factors in susceptible
individuals are sustained hyperglycaemia and hypertension, glomerular
hyperfiltration, obesity, proteinuria level, dietary factors such as the amount and
source of protein and fat in the diet.11.1528

Smoking: patients with T2DM who smoke have a greater risk of microalbuminuria
than patients who do not smoke, and their rate of progression to ESRD is about
twice as rapid.1%1526.29

Dyslipidaemia: studies have suggested that lipids may play a role in the development

and progression of DN. 1115.26.29

1.2.3.2. Factors that slow DN progression
The following interventions have been proven effective in slowing progression of DN:

* Normalisation of glycaemia;

» Strict blood pressure control; and

* Administration of Angiotensin-converting enzyme (ACE) inhibitors or
angiotensin-Il receptor blockers (ARBs). Dyslipidaemia should also be

treated.3°

Table IV provides a summary of the management of diabetic patients with

nephropathy.
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Table IV: Strategies and goals for reno- and cardioprotection in patients with diabetic
nephropathy?*®

Goal
Intervention Microalbuminuric Macroalbuminuric
ACE jnhi_bitor and/or ARB and low- Reduction of albuminuria or Proteinuria as low as
protein diet (0.6-0.8 g - kg wt' - day1) reversion to normoalbuminuria possible or <0.5 g/24-h
GFR decline <2 ml - min? -

GFR stabilisation year?
Antihypertensive agents Blood pressure <130/80 or 125/75 mmHg
Strict glycaemic control Alc <7%
Statins LDL cholesterol <100 mg/dI
Acetyl salicylic acid Thrombosis prevention
Smoking cessation Prevention of atherosclerosis progression

A strict and meticulous control of hypertension slows the rate of decline in GFR.
Blood pressure should be maintained under 130/80 mmHg. ACE inhibitors have a
marked antiproteinuric effect and are used in patients with either incipient or overt

DN or in patients with microalbuminuria, even if normotensive.

Control of blood glucose: excellent glycaemic control reduces the risk of kidney
disease and its progression in both TIDM and T2DM. It is recommended that
plasma values for pre-prandial glucose be kept in the 5.0 to 7.2 mmol/L (90 to 130
mg/dL) range and haemoglobin A1C (HbA1C) should be < 7%.3!

Control of blood pressure and proteinuria: microalbuminuria precedes the decline in
GFR and announces renal and cardiovascular complications. Antihypertensive
treatment reduces albuminuria and diminishes its progression even in normotensive
diabetic patients. In addition to treatment for hypertension in general, the use of ACE

inhibitors and ARBs is associated with additional renoprotection.!
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1.3. Diabetic nephropathy in Africa

DN is the leading cause of ESRD for all Americans, accounting for nearly 45% of
new cases each year. Among all racial groups, African Americans have the second
highest rate of diabetes-related ESRD.%3? In the United States of America, DN is
more prevalent among African Americans, Asians and Native Americans than

Caucasians.1®

In Africa, microvascular complications, including DN, are highly prevalent because of
poor levels of glycaemic and blood pressure control; complications are found early in

the course of the disease as diagnosis of diabetes mellitus is often delayed.®

DM contributes to a third of all patients admitted to dialysis units in Africa.33
Unfortunately, dialysis and renal transplantation therapy are almost completely
inaccessible to African diabetic patients.> Consequently, diabetic end-stage renal
failure is the most frequent cause of hospital mortality in diabetic patients in Africa.33
According to a study conducted in South Africa and published in 2004, renal failure

was a major cause of death among a population of T2DM patients (29%).3*

The prevalence of nephropathy varies between 32% to 57% after a mean duration of
diabetes of 5 to 10 years, and 5% to 28% within the first year following the diagnosis
of diabetes.332 Overt proteinuria is found in 5% to 28% of the patients, and increases
with diabetes duration. However, there is no great difference in the prevalence of
nephropathy between T1DM and T2DM patients.3® The prevalence is estimated to
be 14% to 16% in South Africa, 23.8% in Zambia, 12.4% in Egypt, 9% in Sudan, and
6.1% in Ethiopia.®®

There is a dearth of published studies focusing on DN and its evolution in sub-
Saharan Africa. Most of the available data on DN in Blacks come from studies
conducted among African-American patients in the USA.27.283637 As g result, the
relationship between DN and good or bad diabetes management in black Africans

are not well understood.
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Studies have been conducted in Cameroon,*® Kenya,*® Tanzania,*® and Ethiopia.**
They were for the most part prevalence (cross-sectional) studies, except from the
Ethiopian study which was a prospective cohort study over a 6-week period that
aimed at assessing the glycaemic control and burden of complications including
nephropathy in a group of diabetic patients.** A 12-year follow-up study conducted in
South Africa considered the renal outcome in diabetic patients, but only T2DM
patients were included and the sample was relatively small (59 patients, 9 of whom
were black).®*

Therefore, the proposed study, an analytical cross-sectional study focusing on black

African diabetic patients, will provide useful information on DN in our settings.

2. Aim and objectives

2.1. Aim
The aim of the proposed study is to examine the relationship between diabetes

control parameters (HbA1C, blood pressure level and lipids) and DN in African

patients with diabetes.

2.2. Study objectives
In diabetic patients:

1) To determine the point prevalence of DN;

2) To determine the proportions of patients controlled regarding blood pressure,
HbA1C and lipids.

3) To determine association if any between (2) and (1).

3. Methods

3.1. Study design
The proposed study will be an analytical cross-sectional study design.

3.2. Study setting
The proposed study will utilise secondary data collected in 2012 from the Kalafong

Diabetes Clinic.
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Kalafong Hospital is a tertiary public hospital in Pretoria, Gauteng province (South
Africa). The hospital is situated on the Western outskirts of Pretoria in the suburb of
Atteridgeville. The University of Pretoria uses the hospital as a training site for the

Faculty of Health Sciences.

The Kalafong Diabetes Clinic operates on Wednesdays and Fridays. Patients seen
at the clinic are usually referred on the basis of two criteria: either diabetes or blood
pressure difficult to control; or presence of diabetes complications. An average of
800 diabetic patients is followed up every year at the clinic. Every patient is entitled
to a minimum of four visits per year (every three months). Each of the four visits has
a specific focus: the first visit is the foot visit, the second visit is the cardiovascular
visit, the third visit is the eye visit, and the fourth visit is the general visit.

Kidney function is assessed twice a year with a serum Creatinine and urine ACR.

3.3.  Study population and sampling
3.3.1. Study population

The study population for the proposed study will be diabetic patients who were seen at the

Kalafong diabetic clinic in 2012.

Exclusion criteria
» All patients with nephropathy due to other causes; and

» Patients younger than 18 years old.

3.3.2. Sampling method and sampling size

A point prevalence of diabetic nephropathy in this population is expected to be
between 5% and 10%. Assuming the finite population of between 700 and 800
patients the minimum sample size required with a 5% margin of error is calculated to
be 248. However we have the data for the whole population of 700 to 800 patients
who attended the clinic in 2012, therefore the whole population of patients on the
diabetic clinic database will be used, thus no sampling employed.

3.4. Measurements
At each visit, the following are measured: serum glucose, arterial blood pressure,

and weight. A urine dipstick is also done. Arterial blood pressure is measured using

Vital Signs Monitor Mindray VS-800 (Mindray Shenzhen). Serum glucose is
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measured using Accu Check Active (Roche Manheim). Makromed Urine Test Strips

are used for urinalysis (U-dipstix).

The following measurements are performed in the laboratory:
* Urine;
* Serum glucose, using GLUC (Dimension® clinical chemistry system,
Siemens);
* Haemoglobin A1C concentration, using HB1C assay (Dimension® clinical
chemistry system, Siemens);

* Serum creatinine and urine ACR is expressed in mg/mmol.

Exposure variables

They will include demographics (race, gender, age, height, and weight), type of
diabetes, and duration of diabetes.

Diabetes control parameters: HbA1C, blood pressure and lipids.

Poor glucose control will be defined as HbA1C >7%.

Poor blood pressure control will be defined as blood pressure >130/80 mmHg.

Poor lipids control will be defined as triglycerides >1.7 mmol/L or LDL cholesterol

>1.8 mmol/L.

Outcome variables

The following will be outcome variables:

Continuous: serum creatinine, urine ACR

Ordinal: urine protein on dipstix

Binary: microalbuminuria, macroalbuminuria, low eGFR.

DN will be defined as microalbuminuria (2.0 mg/mmol < urine ACR < 28 mg/mmol) or

macroalbuminuria (urine ACR =28 mg/mmol).

4. Data management and analysis

Data will be anonymous and patients will be identified through the hospital

identification number only.

Page 15 of 25

© University of Pretoria



No patient files will be required because all the patient data are routinely captured in
the Kalafong diabetes clinic database. Appropriate data will be extracted from the
electronic database of the Kalafong Diabetes Clinic with permission from the
custodian of the data (the CEO of Kalafong Hospital). The Kalafong Diabetes Clinic
database is a Microsoft Access database. A query will be run on the database to
extract the relevant information and this data will be exported to a Microsoft Excel

file, which will be used in the analysis.

Statistical analysis
Descriptive statistics will be done for all variables with appropriate methods based on

the type of data and the distribution of the data.

Frequency tables, cross tabulation and Chi square tests will be used. Logistic

regression will be performed.

All data analysis will be done in SPSS and STATA.

Data storage
All data will be stored in electronic format on a dedicated hard drive utilised by
Internal Medicine only on the Klinikala server. A copy of the data will also be stored

on an Internet-based storage facility (Dropbox). All data will be password protected.

5. Ethical and legal considerations

Approval to conduct the proposed study will be sought from the Academic
Programme Committee of the School of Health Systems and Public Health and the

Student Ethics Committee of the Faculty of Health Sciences.

As a routine practice, all patients enrolled at the Kalafong Diabetes Clinic are
requested permission to use routinely collected clinical information for research
purposes. However, this is not formal informed consent. Therefore, the permission to
use routinely collected patient information will be obtained from the custodian of the
data (the CEO of Kalafong Hospital).
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All patient information will be kept strictly confidential. The extracted dataset from the
database will contain only hospital numbers, and no other means of identification.
Once the information is extracted from the database, no one will be able to identify
the participants. Research reports and articles in scientific journals that are based on
the results of the study will not include information that may identify participants.
Because of the use of secondary data, there are no additional risks to participants in

this study.
Participants will not directly benefit from participating in this study, but diabetic

patients similar to the study population may benefit from the results of the proposed

study if it leads to change in the management of such patients.

6. Logistics and time schedule
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GANTT CHART
(From January 2013 to December 2013)

ACTIONS DEC

Literature study

Protocol writing

Statistician
consultation

TNM 800 course

Ethical aspects

Data processing

Statistical analysis

Report writing

Publication
preparation

Congresses
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Authorship and contributors

Name Department

Contribution

Author or

acknowledgement

P. Ngassa Piotie | SHSPH

Researcher

Author

D.G. van 2yl Department of Internal
Medicine, University of
Pretoria

Supervisor

Second author

P. Rheeder SHSPH

Co-supervisor

Third author

7. Budget/Resources

Item description Budget
Transport R1200
Computer R4000
Printer R1500
Data cleaning R500
Printing of MPH research report R200
Publication costs R2000
Total | R9400

The proposed study do not benefit from any grant or sponsor, therefore the

investigator will bear all costs related to the study.

The study will not incur additional cost to Kalafong Hospital above that of standard

care routinely delivered at the Diabetes Clinic.

8. Reporting of results

The purpose of this study is to write a research report as a requirement for an MPH

and to have the study and its results published in a peer-reviewed journal.

© University of Pretoria
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