Pre prints.org

Article Not peer-reviewed version

Diabetic Kidney Disease: Evidence from
Two Selected Cohorts of Patients from
Low-Middle and High Income Countries

Maria Mattiotti , Matteo Righini , Daniele Vetrano , Danilo Ribichini, Valentina Vicennati, Valeria Aiello ,
Ermanno Notaro , Paolo Belardi, Noemi Bazzanini , Katunzi Mutalemwa , Emmanuel Ndile , Rehema ltambu,

Uberto Pagotto , Gaetano Azzimonti, Giuseppe Cianciolo, Irene Capelli , Gaetano La Manna i

Posted Date: 31 July 2025
doi: 10.20944/preprints202507.2621.v1

Keywords: diabetic kidney disease; kidney failure; DKD; Low-Middle Income Country; vascular
complications; kidney protection

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4638335
https://sciprofiles.com/profile/1858221
https://sciprofiles.com/profile/2722090
https://sciprofiles.com/profile/4648952
https://sciprofiles.com/profile/3002140
https://sciprofiles.com/profile/3237516
https://sciprofiles.com/profile/4607925
https://sciprofiles.com/profile/3849446
https://sciprofiles.com/profile/1893519
https://sciprofiles.com/profile/3861641
https://sciprofiles.com/profile/2434255
https://sciprofiles.com/profile/947493
https://sciprofiles.com/profile/273143

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 July 2025 d0i:10.20944/preprints202507.2621.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Diabetic Kidney Disease: Evidence from Two
Selected Cohorts of Patients from Low-Middle and
High Income Countries

Maria Mattiotti 123, Matteo Righini 4%, Daniele Vetrano %, Danilo Ribichini ¢,

Valentina Vicennati 56, Valeria Aiello 7, Ermanno Notaro 5, Paolo Belardi 3, Noemi Bazzanini 3,
Katunzi Mutalemwa 3, Emmanuel Ndile 3, Rehema Itambu 3, Uberto Pagotto 55,

Gaetano Azzimonti 8, Giuseppe Cianciolo 7, Irene Capelli 57* and Gaetano La Manna >7

! Department of Nephrology, Dialysis and Transplantation, San Bortolo Hospital, Via Rodolfi 37, 36100
Vicenza, Italy

2 IRRIV-International Renal Research Institute, Vicenza, Italy

3 Doctors with Africa CUAMM, Iringa, Tanzania

4 Nephrology and Dialysis Unit, Santa Maria delle Croci Hospital, AUSL Romagna, Ravenna, Italy

5 Department of Medical and Surgical Sciences (DIMEC), Alma Mater Studiorum University of Bologna,
Bologna, Italy

¢ Division of Endocrinology and Diabetes Prevention and Care, IRCCS Policlinico Sant'Orsola, Azienda
Ospedaliero-Universitaria di Bologna, Bologna, Italy

7 Nephrology, Dialysis and Kidney Transplant Unit, IRCCS Azienda Ospedaliero-Universitaria di Bologna,
Bologna, Italy

8 Doctors with Africa CUAMM, Padova, Italy

* Correspondence: irene.capelli@gmail.com

Abstract

Objectives: Diabetic kidney disease (DKD) is the leading cause of kidney failure worldwide. Different
phenotypes of DKD are emerging, partially attributable to a better glycemic control, partially to
concomitant risk factors for kidney disease. Diabetes belongs to Non-Communicable Diseases (NCD), but
poor data about DKD in Low-Middle Income Countries are currently available. In the present paper we
compare two cohorts of patients affected by DKD from Tanzania and from Italy. Study design:
Retrospective observational study conducted by NCDs Clinic of Tosamaganga Regional Referral Hospital
(Tanzania) and from the Multidisciplinary Diabetological-Nephrological Clinic of Bologna (Italy)
Methods: Included patients’data were analyzed for demographical features, diabetes complications,
laboratory findings and pharmacological therapy at the time of enrollment and after 6-month follow up.
Results: Tanzanian patients were younger (56.65 vs 67.66 years, p<0.001), with a higher prevalence of
women (66.9% vs 25.5%, p<0.001) and showed lower level of BMI (26.39 vs 30.18 kg/m2, p<0.001). A
worsen glycemic control could be observed in Tanzanian cohort (HbAlc 83.71 vs 56.92 mmol/mol,
p<0.001) and higher eGFR (70.13+31.93 vs 52.31+23.37 ml/min, p<0.001). A sharp reduction of albuminuria
was observed in both cohorts with an increase in nephroprotective drugs a better glycemic control.
Conclusions: Two phenotypes of diabetic patients have emerged from comparison between two cohorts.
Tanzanian patients are mostly female, younger and with normal BMI; whereas Italian patients are mainly
male, older and affected by metabolic syndrome and vascular complications. Therapy implementation is
associated with a delayed decline of eGFR and downgrading of albuminuria at 6 months follow up.

Keywords: diabetic kidney disease; kidney failure; DKD; Low-Middle Income Country; vascular
complications; kidney protection

1. Introduction
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According to the last WHO Global Report the number of patients affected by diabetes mellitus
(DM) is quadruplicated since 1980 reaching 422 million of patients in 2019, and it will rise to 693
million in the next two decades [1]. Among diabetic patients, 90-95% is affected by Type 2 Diabetes
Mellitus (T2DM). Increased morbidity and mortality are mainly attributable to microvascular and
macrovascular complications [2]. Unlike other diabetes complications, the prevalence of diabetic
kidney disease (DKD) has failed to decline over past decades and it still represents worldwide the
leading cause of kidney failure [3]. Hyperglycemia plays a pivotal role in the pathogenesis of DKD.
Persistent high serum glucose level induces metabolic changes and triggers a systemic inflammatory
response; these two conditions in turns exacerbate progression of glomerular damage and decline of
glomerular filtration rate (GFR). The relative contribution of each factor in renal injury can not be a
priori established [4].

Moreover, the classical paradigm of “albuminuric diabetic nephropathy” [5] has been replaced
by a wider spectrum of nephropathies, that includes at least two other patterns of disease:
“nonalbuminuric renal impairment” and “progressive renal decline” diabetic kidney disease [2].
Those phenotypes may have been unmasked by the regression of albuminuria obtained by improved
glycemic control, mostly attributable to pharmacological treatment. Otherwise, a high proportion of
diabetic patients with chronic kidney disease (CKD) show underlying kidney pathologies other than
DKD, when systematically subjected to kidney biopsy [6]. Furthermore, between diabetic population,
other comorbidities, such as atherosclerotic cardiovascular disease, heart failure, and obesity [6,7]
enhance renal injury and increase mortality rate [8].

Besides, DM and CKD belong to Non-Communicable Diseases (NCD), chronic non-infectious
diseases with high rate of morbidity and early mortality rate worldwide. The highest burden of death
for these conditions affects Low-Middle Income Counties (LMIC) [9-11]. NCDs include group of
chronic conditions, such as cardiovascular diseases, cancer, chronic respiratory diseases, diabetes and
CKD, accounting for 71% of deaths worldwide [9,10]. A large proportion of these deaths occur
LMICs, where about 700 million people experience extreme levels of poverty [9,12]. Tanzania belongs
to LMICs and in the latest 25 years the incidence of NCDs has doubled. The lack of prevention, the
pathogenetic association with infectious diseases, and the limited availability of facilities in rural
regions, may play a pivotal role, more than lifestyle risk factors [13].

Since 2016, Doctors with Africa CUAMM (CUAMM), in partnership with local authorities,
started a dedicated clinical program for NCDs prevention and treatment at Tosamaganga Regional
Referral Hospital (Tosamaganga Hospital). In order to promote long term follow up as cornerstone
for a good prevention of chronic diseases, based on HIV-care model [14], which is characterized by a
strong network with peripheral Health Centers, CUAMM has started an integrated management
system of NCDs at Tosamaganga Hospital and its reference reference health district, namely Iringa
District Council (Iringa DC).

Additionally, poor data are nowadays available about DKD prevalence in LMICs [24]: besides
under diagnosis [15], limited efforts are aimed at DKD prevention and management, if compared to
AKI [16-21]. The most available data about prevalence of DKD in Tanzania are single-center study
[22,23].,In 2020 Diabetology Unit and Nephrology Unit of University Hospital of Bologna (Italy)
started a pilot experience of a multidisciplinary outpatient service to provide an integrated approach
to DKD.

The aim of this study is to present an analyse the preliminary results of the two cohorts of
diabetic patients with CKD with a focus on epidemiological, social, demographical, clinical and
diagnostic-therapeutical features of each population.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Methods

This is an observational retrospective, multicenter study involving IRCCS St. Orsola University
Hospital in Bologna, Italy and Tosamaganga Hospital, Iringa District Council (Iringa DC), Iringa
Region, Tanzania.

Italian cohort included all the patients referred to multidisciplinary outpatient service from 1st
of February 2020 to 30t of April 2022. The inclusion criteria were age over 18 years, diagnosis of
diabetes mellitus Type 1 (T1IDM) or T2DM, signs of renal impairment, or an established CKD with
evidence of worsening of glycemic control, at least one evaluation by Integrated Diabetological and
Nephrological Multidisciplinary Outpatient Service. As sign of renal damage at least one of the
following conditions should be present: increased serum creatinine level (sCr) and/or lower
estimated GFR (eGFR) from basal level, new onset urine test abnormalities, worsening of
microalbuminuria, increased urine albumin-creatinine ratio (UACR), new onset or proteinuria
worsening or presence of microhematuria, or evidence of kidney morphological abnormalities
ultrasound proven.

Tanzanian cohort included all diabetic patients referred to outpatient service for treatment and
prevention of NCDs (NCDs Clinic) service from 1st March 2019 to 31st July 2022. The inclusion
criteria were: age over 18 years, diagnosis of TIDM or T2DM, a sign of renal impairment, at least one
evaluation by NCDs Clinic. As sign of renal damage at least one of the following features should be
present: eGFR <60 ml/min and/or urine test abnormalities (presence of albuminuria at urinary stick).

The study procedures were in accordance with the Helsinki Declaration. In Italy the study
protocol and consent form were approved by the Ethics Committee of St. Orsola University Hospital
(ID approval: 1008-2021). All patients were informed about the experimental protocol and about the
objectives of the study before providing informed consent.

In Tanzania, all data were retrieved from hospital records by clinical staff and were collected in
an anonymized dataset. The study was approved by the Review Board of Tosamaganga Hospital
(protocol number DOIRA/TRRH/VOL.56/122), which waived the need for written informed consent
given the retrospective nature of the study and the use of anonymized data from hospital records.

2.1. Integrated Multidisciplinary Outpatient Service
2.1.1. Physician Team

The physician team involved in the integrated multidisciplinary outpatient service was
composed by Nephrologists and Diabetologists operating within their respective units (Division of
Nephrology, Dialysis and Transplant and Division of Endocrinology and Diabetes Prevention and
Care). Most of them had previous expertise on integrated outpatient service, involving different
clinical areas. All physicians were involved in the process of conception of this project: choice of
patient selection criteria, data collection, clinical and laboratory evaluation criteria, and therapeutical
rational of the integrated multidisciplinary outpatient service.

2.1.2. Visit Protocol

All visits were performed by a Diabetologist and a Nephrologist simultaneously present at the
time of the patient evaluation.

During the first evaluation (Visit 0) the detailed medical history was collected. Each patient was
screened for the main diabetes complications (retinopathy, neuropathy, diabetic foot, Major Adverse
Cardiac Event (MACE), heart failure, peripheral artery disease (PAD), stroke, Transient Ischemic
Attack (TIA), steatosis) and for the main risk factors of renal injury (smoke, hypertension,
dyslipidemia). They were questioned about ongoing pharmacological treatment (antidiabetic drugs,
anti-hypertensive treatment, lipid-lowering agents). Each patient underwent physical examination,
including blood pressure (BP) measurement, weight, height, body mass index (BMI) calculation and
waist circumference measurement. The following blood results were also collected: serum fasting
glucose, glycosylated hemoglobin (HbAlc), sCr, eGFR, urine test, microalbuminuria, UACR,
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proteinuria, lipid profile assessment, hemoglobin and electrolytes. At the end of the visit,
pharmacological therapy was optimized, if needed, for glycemic control, for renal disease and for
cardiovascular risk factors, further investigation could be prescribed, including dietologist or other
specialistic consultations.

The follow-up evaluation (Visit 1) was performed 6 months after VO, and it could be either
multidisciplinary or, as usually organized in standard care system, distinct diabetologic and
nephrologic visit. In both cases new onset of cardiovascular or cerebrovascular events and diabetes
complications were recorded; pharmacological reconciliation was performed; physical examination,
BP measurement, weight and waist circumference measurement and BMI calculation were obtained;
updated laboratory blood test were collected.

2.2. Integrated NCDs Clinic
2.2.1. Clinical Team

The clinical team involved in NCDs Clinic included a Physician, with specialization in Internal
Medicine or equivalent to it, two nurses with a specific education on NCDs and a trained Nutritionist
for dietary and lifestyle counselling.

2.2.2. Visit Protocol

All patients with evidence of hypertension or impaired glycemic control could be referred to this
clinic. During the first evaluation (Visit 0) the most relevant events of their medical history were
collected. Each patient was screened for the main diabetes complications (retinopathy, neuropathy,
diabetic foot, MACE, heart failure, PAD, stroke, TIA, CKD) and for the main risk factors of renal
injury (smoke, alcohol abuse, sedentary lifestyle). They were questioned about ongoing
pharmacological treatment (antidiabetic drugs, anti-hypertensive treatment, lipid-lowering agents).
Each patient underwent physical examination, including BP measurement, body weight, height, BMI
calculation.

The following blood results were also collected: serum fasting glucose, HbAlc, sCr, eGFR, urine
stick test, lipid profile assessment, hemoglobin. At the end of the visit pharmacological therapy was
optimized, if needed, for glycemic control, hypertension, renal and cardiovascular risk factors
control, and a detailed lifestyle and nutritional counselling were offered. The follow-up evaluations
(Visit 1) were performed every 6 months at Tosamaganga Hospital, while monthly intermediate
controls could be accomplished by peripheral Health Centers. Along these visits, new onset of
cardiovascular or cerebrovascular events and diabetes complications were recorded;
pharmacological reconciliation was performed; physical examination, BP measurement, weight and
BMI calculation were obtained; updated laboratory blood test were collected.

2.3. Variables Analyzed

Italian and Tanzanian cohorts were analyzed and compared at Visit 0 (V0), Visit 1 (V1) at 6
month, if available, for the following variables: anthropometric features (BP measurement, weight,
height, BMI); laboratory tests (serum fasting glucose, HbAlc, sCr, eGFR, urine stick test); diabetes
complications (retinopathy, neuropathy, diabetic foot, MACE, PAD, stroke, TIA); ongoing
pharmacological treatment, including antidiabetic drugs:; sulfonylureas and insulin, and
nephroprotective therapy: Renin-Angiotensin-Aldosteron System inhibitors (RAASi), and Sodium
Glucose Transporter 2 inhibitors (SGLT2i) and Glucagon-like peptide-1 receptor agonists (GLP1-RA),
and statin). Only metformin and solphanilureas as oral hypoglicemics agents have been compared
because those available in Tanzania. Albuminuria over time was also compared between two
populations. They were stratified into three groups of albuminuria, namely normoalbuminuric,
microalbuminuric, and macroalbuminuric. In the Italian population, normoalbuminuric
corresponded with class Al according to the KDIGO classification (UACR <30 mg/g),
microalbuminuric with class A2 (30-300 mg/g), and macroalbuminuric with class A3 (>300 mg/g).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Tanzanian population was stratified with urine dipstick findings, with normoalbuminuric
corresponding to a negative dipstick result, microalbuminuric with 1+ albuminuria, and
macroalbuminuric with 2+ or more albuminuria.

2.4. Statistical Analysis

Descriptive statistics were employed to compare the Italian and Tanzanian cohorts both initially
and during follow-up. Categorical variables were represented as percentages, while continuous
variables were presented as either means with standard deviations for parametric variables, or
medians with interquartile ranges (IQR) for nonparametric variables. To assess variations between
the groups, the Kruskal-Wallis test and unpaired t-test were utilized for both skewed and symmetric
variables. Additionally, the Chi-squared test was applied to analyze differences in percentages
between the two groups.

A p-value of <0.05 was considered statistically significant.

Statistical analysis was performed using R version 4.0.3 (R Core Team, 2020).

3. Results

Between March 2019 and July 2022, 139 Tanzanian patients out of 417 diabetic patients referring
to NCDs showed eGFR<60 ml/min or albuminuria at urinary stick. They have been compared to 235
Italian patients referring to integrated multidisciplinary outpatient service between 1st of February
2020 and 30 of April 2022.

3.1. Demographical Features and Complications

Main results are summarized on Table 1 (Table 1).

Table 1. Baseline features.

Tosamaganga Bologna Total
(N=139) (N=235) (N=374) p-value

Sex, n (%) <0.001
F 93 (66.9%) 60 (25.5%) 153 (40.9%)
M 46 (33.1%) 175 (74.5%) 221 (59.1%)
Age, years 56.65 (13.93) 67.66 (12.21) 63.56 (13.92) <0.001
Smoke, n (%) <0.001
Current 9 (6.5%) 33 (14.1%) 42 (11.3%)
Former 0 (0.0%) 103 (44.0%) 103 (27.6%)
Retinopathy, n (%) 54 (38.8%) 61 (26.5%) 115 (31.2%) 0.015
Diabetic foot, n (%) 7 (5.0%) 20 (8.7%) 27 (7.3%) 0.296
HEF, n (%) 10 (7.2%) 13 (8.8%) 23 (8.0%) 0.668
MACE, n (%) 1 (0.7%) 70 (30.3%) 71 (19.2%) <0.001
Stroke, n (%) 10 (7.2%) 18 (12.0%) 28 (9.7%)
BMI, kg/m? (SD) 26.39 (5.58) 30.18 (5.80) 28.75 (6.00) <0.001
Hbalc, mmol/mol (SD) 83.71 (32.03) 56.92 (13.79) 65.96 (25.12) <0.001
Total Cholesterol, mg/dl 159.18 (57.53) 168.12 (44.91) 164.58 (50.40) 0.028
(SD)

sCr, mg/dl (SD) 1.38 (0.98) 1.49 (0.52) 1.45 (0.73) <0.001

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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eGFR, ml/min/1.73m? 70.13 (31.93) 52.31 (23.37) 58.97 (28.20) <0.001
(SD)

Albuminuria class, n (%) 0.617
Normo 36 (26.5%) 54 (29.7%) 90 (28.3%)

Micro 58 (42.6%) 68 (37.4%) 126 (39.6%)

Macro 42 (30.9%) 60 (33.0%) 102 (32.1%)

ACEi, n (%) 16 (20.0%) 94 (40.0%) 110 (34.9%) 0.001
ARB, n (%) 28 (35.0%) 89 (37.9%) 117 (37.1%) 0.689
CCB, n (%) 36 (45.0%) 69 (42.6%) 105 (43.4%) 0.783
Diuretics, n (%) 24 (30%) 69 (43%) 93 (38.5%) 0.045
Metoformin, n (%) 112 (80.6%) 114 (48.5%) 226 (60.4%) <0.001
Sulfonylureas, n (%) 75 (54.0%) 31 (13.2%) 106 (28.3%) <0.001
Insulin, n (%) 9 (6.5%) 102 (43.4%) 111 (29.7%) <0.001
SGLT2i, n (%) - 42 (18.0%) 42 (11.2%) -
GLP1-RA, n (%) - 30 (12.7%) 30 (8.0%) -

M male, F female, HF Heart Failure, MACE Major Adverse Cardiac Event, BMI Body Mass Index, SD standard
deviation, HbAlc Hemoglobin glycated, sCr serum creatinine, eGFR estimated glomerular filtration rate, ACE
Angiotensin Converting Enzyme inhibitor, ARB angiotensin receptor blockers, CCB calcium channel blockers,

SGLT2i Sodium Glucose Transporter 2 inhibitors, GLP1-RA Glucagon-like peptide-1 receptor agonists.

Tanzanian patients were significantly younger with a mean age of 56.65 + 13.93 years against
67.66 +12.21 years (p<0.001). Moreover, the Tanzanian cohort was female prevalent (66.9%) while the
Italian one was male prevalent (74.5%) and this difference was statically significant (p<0.001).

In terms of comorbidities, the Tanzanian population exhibited a significantly higher prevalence
of retinopathy (38.8% vs. 26.5%, p=0.015), whereas the Italian cohort had a higher incidence of MACE
(30.3% vs. 0.7%, p<0.001). However, there were no significant differences observed in the rates of
diabetic foot or heart failure between the two groups. Notably, the Italian cohort had a higher
prevalence of smoking, with a greater proportion of former smokers (44% vs. 0%) and current
smokers (14.1% vs. 6.5%, p<0.001).

From a metabolic perspective, Tanzanian patients presented significantly lower BMI at the initial
evaluation compared to their counterparts (26.39 vs. 30.18, p<0.001). However, they exhibited
significantly higher HbAlc levels (83.71 vs. 56.92 mmol/mol, p<0.001). Additionally, they showed
significantly lower levels of total cholesterol (159.1 vs. 168.2 mg/dL, p=0.027).

3.2. HbAlc Over Time

As mentioned above, the Tanzanian cohort exhibited significantly higher levels of HbAlc at
baseline compared with Italian cohort (83.71 vs. 56.92 mmol/mol, p <0.001). At V1, however, there
was a marked reduction in HbA1c levels in the Tanzanian cohort, while the reduction was lower in
Italian cohort (59.07 vs. 55.77 mmol/mol, p = 530).

3.3. Renal Function Over Time

As depicted in Table 2, at VO Italian patients exhibit more severe kidney impairment,
characterized by significantly higher mean creatinine values and lower eGFR compared to Tanzanian
patients (1.49 vs 1.38 mg/dL, p < 0.001 and 52.31 vs 70.12 ml/min/1.73m2 respectively). Similarly, at
V1, significantly higher values of serum creatinine (1.52 vs 1.20 mg/dL, p < 0.001) and lower values
of eGFR (49.9 vs 79.3 ml/min/1.73m"2, p < 0.001) were observed.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 2. Follow-up features.
Tosamaganga Bologna Total
(N=139) (N=235) (N=374) p-value

BMI kg/m? (SD) 27.35 (5.88) 29.64 (5.00) 28.86 (5.41) 0.015
Hbalc, mmol/mol (SD) 59.07 (28.80) 55.77 (12.18) 56.65 (18.12) 0.53
Total Cholesterol, mg/dl 155.71 (52.65) 170.00 (47.09) 166.73 (48.61) 0.061
(SD)

sCr, mg/d1(SD) 1.20 (0.92) 1.52 (0.55) 1.43 (0.69) <0.001
eGFR, ml/min/1.73m? 79.38 (34.17) 49.90 (21.37) 58.80 (29.17) <0.001
(SD)
Albuminuria class, 1 (%) 0.617
Normo 65.0% 34.0% 28.3%
Micro 19.0% 41.0% 39.6%
Macro 16.0% 25.0% 32.1%
ACEi, (%) 41.0% 47.0% 41.0% 0.001
ARB, (%) 36.0% 43.0% 41.9% 0.689
SLT2i, n (%) - 112 (48%) 112 (30%) -

BMI Body Mass Index, HbAlc Hemoglobin glycated, sCr serum creatinine, eGFR estimated glomerular filtration
rate, ACE Angiotensin Converting Enzyme inhibitor, ARB angiotensin receptor blockers, SGLT2i Sodium

Glucose Transporter 2 inhibitors.

3.4. Albuminuria Over Time

At V0, the prevalence of albuminuria in the Italian and Tanzanian populations was as follows:
29.7% vs. 26.5% for normoalbuminuric, 37.4% vs. 42.6% for microalbuminuric, and 33.0% vs. 30.9%
for macroalbuminuric, respectively. There was no statistical significance between the two. At V1,
the prevalence between Italian and Tanzanian cohorts was as follows: normoalbuminuric (34 vs 65%),
microalbuminuric (41% vs 19%), and macroalbuminuric (25% vs 16%). The differences were
statistically significant (p=0.028).

3.5. RAASi Over Time

The prevalence of Angiotensin Converting Enzyme inhibitor (ACEi) and Angiotensin Receptor
Blocker (ARB) therapy was compared between the two populations. At V0, 40% of Italian patients
were already on ACEi therapy, while at V1, the prevalence increased to 47%. For the Tanzanian
population, only 20% of patients were on ACEi therapy at baseline, whereas at the follow-up, this
proportion increased to 41%. Similarly, the percentage of patients on ARB therapy increased from
37.9% at baseline to 43% at the follow-up assessment in the Italian cohort, while in the Tanzanian
population, it remained almost the same, with 35% at VO and 36% at V1.

In summary, the prevalence of RAASi therapy improved from 80% to 100% in the Italian
population and from 55% to 77% in the Tanzanian population.

3.6. SGLT2i Over Time

Limited to Italian cohort, prescription of SGLT2i has been analyzed. The major increase of their
assumption has been documented between V0 and V1: from 18% at VO to 48% at V1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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4. Discussion

In the present study we showed a comparison between two selected cohorts of diabetic patients
referring to an Integrated Multidisciplinary Outpatient in Italy and from Integrated Clinic of NCDs
in Tanzania, by analyzing epidemiological, social, demographical, clinical and diagnostic-
therapeutical features of each population.

To the best of our knowledge there are no studies which compare features of patients affected
by DKD in LMICs and a High-Income Countries.

Expanding knowledges about DKD, its high prevalence, the burden of chronic comorbidities in
diabetic patients, suggested an integrated approach to DKD involving different Specialists for a best
management of this challenging disease. It has been shown that this approach is associated with a
delayed decline of kidney function, improved metabolic control [24-28], deferred dialysis initiation
[29] and outpatient cost saving [30]. More recently a new Australian co-designed, person-centered
integrated model of care has proven to improve all-cause mortality, kidney function, glycemic
control, self-care and health-related quality of life on patients with diabetes and CKD [31,32].

The two populations are only partially comparable because it is a retrospective study of patients
referring to services with different rational. A comprehensive comparison and an advanced analysis
of the difference go beyond the scope of this paper. However we believed that it could help to
improve data collections and research projects in this field.

Mean age of patients in Bologna is higher than that observed in Tosamaganga. This result is
consistent firstly with lower mean life expectancy at birth of Tanzanian population (66 years) if
compared with Italian population (82 years), and for different median age of diabetes development,
for both genetic and lifestyle causes. A significant prevalence of women between Tanzanian patients
and a higher percentage of men between Italian people could be observed: this difference may not be
explained by a different sex prevalence of disease between two cohorts, but it could reflect the so-
called “health-seeking behavior”[33]. This expression refers to diffuse behavior of Subsaharian women
to be compliant to follow up programs, always starting with pregnancy care Average BMI of Italian
diabetic is higher than 30 kg/m2, while Tanzanian patients show a median BMI lower than 26 kg/m2.
Percentage of patients affected by T2DM and T1DM were comparable in two populations. Several
evidence are available about a form of diabetes secondary to malnutrition [34], that could justify
lower BMI of Tanzanian diabetic patients. The putative mechanism may be a reduced dietary intake
of mother during pregnancy or during early childhood that could develop a reduced glucose
tolerance, through epigenetic modifications influencing development and differentiation of
pancreatic beta-cells. On enrollment BP measurements register higher mean values for Tanzanian
patients, if compared to Italian, but it could be a bias of selection: patients from Bologna were already
on diabetological or nephrological follow up and may have already reached BP target, otherwise
patients referring to NCDs Clinic always had their first evidence of hypertension on enrollment. The
same observation could explain the difference average HbA1lc between two populations: significantly
higher level have been found in Tosamaganga patients at baseline, always first diagnosed for
diabetes at enrollment, while all patients from Bologna where all on chronic glucose-lowering
treatment and showed a more adequate glycemic control.

Diabetic patients from Bologna showed lower mean eGFR both at enrollment and on follow-up.
The most represented classes of CKD were 3a and 3b, while for diabetic patients from Tosamaganga
CKD stage 1 and 2 prevailed. Analogous distributions between CKD Class are documented after 6
months of follow-up in both cohorts. The more advanced grade of CKD of Italian patients is due to
the rationale of Integrated Multidisciplinary Outpatient Service, whose enrolment was justified by
an impaired renal function in diabetic patients not completely explained by a worst glycemic control
and a patient’s phenotype characterized by a worst cardiovascular profile. Otherwise, patients of
NCDs Clinic are selected, younger diabetic patients with impaired renal function at enrollment, with
uncontrolled glycemic level and untreated hypertension.

Regarding albuminuria, a substantial stability of normoalbuminuric patients could be observed
between Italian patients; during follow-up an increased percentage of microalbuminuric and a
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decreased percentage of macroalbuminuric are highlighted, it suggests a class downgrading within
the cohort. In Tanzanian cohort a decline of macroalbuminuric patients during first 6 months of
follow-up has been observed. This could be secondary to an improved glycemic control obtained
through adequate diet and pharmacological therapy; the group of microalbuminuric patients could
moreover include patients with an incipient nephropathy, with negative urinary stick on subsequent
follow up. Albuminuria detection for patients in Tosamaganga has been performed with urinary stick
which gives only a semiquantitative result with a moderate sensitivity (62%, 36%, and 78%) and high
specificity (88%, 88%, and 98%) [35,36]. Substantial stability of eGFR and improvement of
albuminuria at one year follow-up of both cohorts suggest an advantage on taking charge of diabetic
patients for an improved control of albuminuria and to slow progression of CKD.

These results are coherent to what already stated in studies performed in North Africa [37,38]
and in Subsaharian Africa [22,23,39], where DKD prevalence and features are different between
caucasian and afroamerican race. Socioeconomic factors, including different lifestyle and risk factors
exposure, and different sanitary systems, different access to screening and facilities, timing of
diagnosis, are the main potential causes. A genetic contribution cannot be excluded to explain those
different phenotypes. Evidence of increased risk of end stage renal disease (ESRD) in diabetic patient
of Afro-American race living in HICs have been published [40]. It has been observed an association
between DKD development and polygenic inheritance, within small familiar clusters association
between specific genetic mutation and specific renal involvement (increased UACR, reduced eGFR,
microalbuminuria) have been observed [41]. Moreover, an association between development of
ESRD in afroamerican race and mutation of APOL1 e GNG?7 has been extensively described [42].
Finally, it cannot be excluded some other mechanism of diabetes, like malnutrition related.

Diabetes microvascolar and macrovascolar complications usually show different prevalences
between LMIC and HIC, in particular diabetic foot onset can be reduced with preventive measures
and multispecialist care [43]. Interestingly, no statistical difference in diabetic foot prevalence has
been observed comparing our cohorts [44].

In the context of nephroprotective strategies, the utilization of RAASi and SGLT2i has been
examined. At baseline (V0), the majority of patients in the Italian cohort receive ACEi or ARB,
whereas this percentage was lower in Tanzanian cohort. At follow-up, in both cohorts, there was an
optimization of RAASI therapy, with the Italian cohort achieving full coverage across the population,
while the Tanzanian cohort experienced a significant improvement in their assumption. The use of
SGLT2i was studied only in Italian population and a higher percentage of employment was observed.
Unfortunately, SGLT2i were not available in rural district of Iringa Region. Other studies must be
performed to confirm the data in Tanzanian population. In Italian cohort a contribution in renal
preservation could be supposed also by GLP1-RA action [45].

The substantial increase in the utilization of nephroprotective drugs, combined with the
optimization of HbAlc control, could potentially explain the significant reduction in albuminuria
observed in the Tanzanian cohort, and the documented improved kidney function. However, the
Italian population also benefited from therapeutic optimization, showing an improvement in
albuminuria classes along with stable renal function.

Limitations

The main limitation of this work is related to the retrospective nature of the study itself. The
different demographical features between two cohorts are mainly attributable to different
geographical economic contexts. Other limitations are related to different available laboratory
methods of analysis in two contexts, namely limited accuracy and sensitivity of diagnostic tool
Tosamaganga if compared to Italian tests. Furthermore, a reliable comparison for albuminuria was
not possible because two different parameters have been used for albuminuria detection.
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5. Conclusions

Two phenotypes of diabetic patients with DKD have been highlighted from comparison
between one LMIC and one HIC: Italian patients are older and mainly affected by cardiovascular
comorbidities, including metabolic syndrome and vascular complications, while the prevalent
phenotype of Tanzanian patients affected by DKD is characterized by female sex, young age and
normal BMI.

Stability of eGFR and downgrading of albuminuria classes at one year follow up are reached in
both cohorts with a certain contribution of optimization of nephroprotective strategy, namely the
introduction of RAASi in Tanzania and SGLT2i in Italy. Adherence to follow up and compliance with
therapy seem to play a central role to improve outcomes for both populations.

Further studies are necessary for a better understanding of the different physiopathology and
clinical features between LMICs and HICs. Furthermore, prospective trials or randomized control
trials may be useful for a deeper knowledge about prevalence and clinical features of this disease
especially in LMICs. From their results an implementation of sustainable programs in African
healthcare systems could be reached. Expanding knowledge about DKD could help to optimize
therapy and delaying disease progression for these patients.

Albuminuria classes over time
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Figure 1. Albuminuria classes over time.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.2621.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 July 2025

50
45
40
3

[&]

3

[=]

2

[&]

2

o

15
10

[&]

11 of 13
RAASI1 over time
Italian - ACEi Tanzanian - ACEi Italian - ARB Tanzanian ARB

mvVo mV1

Figure 2. RAASi over time.

Author Statements: The study is protocol approved by the Review Board of Tosamaganga Hospital (protocol
number DOIRA/TRRH/VOL.56/122), which waived the need for written informed consent given the
retrospective nature of the study and the use of anonymized data from hospital records. The authors declare no

funding for this study. The authors declare no competing interests.

Acknowledgments: We express our gratefulness to the medical, nursing and secretarial staff from the

Endocrinology and Nephrology Department. We thank Doctors with Africa CUAMM staff working at

Tosamaganga Regional Referral Hospital.

References

1.

Cho NH, Shaw JE, Karuranga S, et al (2018) IDF Diabetes Atlas: Global estimates of diabetes prevalence for
2017 and projections  for  2045. Diabetes  Res  Clin  Pract  138:271-281.
https://doi.org/10.1016/j.diabres.2018.02.023

Pugliese G, Penno G, Natali A, et al (2019) Diabetic kidney disease: New clinical and therapeutic issues.
Joint position statement of the Italian Diabetes Society and the Italian Society of Nephrology on “The
natural history of diabetic kidney disease and treatment of hyperglycemia in patients with. Nutr Metab
Cardiovasc Dis 29:1127-1150. https://doi.org/10.1016/j.numecd.2019.07.017

Alicic RZ, Rooney MT, Tuttle KR (2017) Diabetic Kidney Disease: Challenges, Progress, and Possibilities.
Clin ] Am Soc Nephrol 12:2032-2045. https://doi.org/10.2215/CJN.11491116

DeFronzo RA, Reeves WB, Awad AS (2021) Pathophysiology of diabetic kidney disease: impact of SGLT2
inhibitors. Nat Rev Nephrol 17:319-334. https://doi.org/10.1038/s41581-021-00393-8

Mogensen CE (1999) Microalbuminuria, blood pressure and diabetic renal disease: origin and
development of ideas. Diabetologia 42:263-285. https://doi.org/10.1007/s001250051151

Kirkman MS, Mahmud H, Korytkowski MT (2018) Intensive Blood Glucose Control and Vascular
Outcomes in Patients with Type 2 Diabetes Mellitus. Endocrinol Metab Clin North Am 47:81-96.
https://doi.org/10.1016/j.ec1.2017.10.002

Chang AR, Surapaneni A, Kirchner HL, et al (2018) Metabolically Healthy Obesity and Risk of Kidney
Function Decline. Obesity 26:762-768. https://doi.org/10.1002/oby.22134

(2022) 9. Pharmacologic Approaches to Glycemic Treatment: Standards of Medical Care in Diabetes-2022.
Diabetes Care 45:5125-5143. https://doi.org/10.2337/dc22-5009

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.2621.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 July 2025 d0i:10.20944/preprints202507.2621.v1

12 of 13

9.  Organization WH (2013) Global action plan for the prevention and control of noncommunicable diseases
2013-2020. World Health Organization

10. Organization WH (2018) Noncommunicable diseases country profiles 2018

11. Bukhman G, Mocumbi AO, Horton R (2015) Reframing NCDs and injuries for the poorest billion: a Lancet
Commission. Lancet (London, England) 386:1221-1222. https://doi.org/10.1016/S0140-6736(15)00278-0

12.  Bank W (2020) Monitoring global poverty

13. Peck R, Mghamba J, Vanobberghen F, et al (2014) Preparedness of Tanzanian health facilities for outpatient
primary care of hypertension and diabetes: a cross-sectional survey. Lancet Glob Heal 2:285-92.
https://doi.org/10.1016/52214-109X(14)70033-6

14. Maruyama H, Franks J, Laki D, et al (2021) Bringing HIV services to key populations and their communities
in Tanzania: from pilot to scale. ] Int AIDS Soc 24 Suppl 3:e25718. https://doi.org/10.1002/jia2.25718

15. Asmelash D, Asmelash Y (2019) The Burden of Undiagnosed Diabetes Mellitus in Adult African
Population: A Systematic Review and Meta-Analysis. ] Diabetes Res 2019:4134937.
https://doi.org/10.1155/2019/4134937

16. Ponce D, Balbi A (2016) Acute kidney injury: Risk factors and management challenges in developing
countries. Int ] Nephrol Renovasc Dis 9:193-200. https://doi.org/10.2147/IJNRD.S104209

17.  Halle MPE, Chipekam NM, Beyiha G, et al (2018) Incidence, characteristics and prognosis of acute kidney
injury in Cameroon: a  prospective study at the Douala General Hospital. Ren Fail 40:30-37.
https://doi.org/10.1080/0886022X.2017.1419970

18. Masewu A, Makulo J-R, Lepira F, et al (2016) Acute kidney injury is a powerful independent predictor of
mortality in critically ill patients: a multicenter prospective cohort study from Kinshasa, the Democratic
Republic of Congo. BMC Nephrol 17:118. https://doi.org/10.1186/s12882-016-0333-4

19. Dlamini TAL, Heering P], Chivese T, Rayner B (2017) A prospective study of the demographics,
management and outcome of patients with acute kidney injury in Cape Town, South Africa. PLoS One
12:0177460. https://doi.org/10.1371/journal.pone.0177460

20. Kohli HS, Bhat A, Jairam A, et al (2007) Predictors of mortality in acute renal failure in a developing
country:a prospective study. Ren Fail 29:463-469. https://doi.org/10.1080/08860220701260651

21. Safari S, Hashemi B, Forouzanfar MM, et al (2018) Epidemiology and Outcome of Patients with Acute
Kidney Injury in Emergency Department; a Cross-Sectional Study. Emerg (Tehran, Iran) 6:e30

22. Lutale]JK, Thordarson H, Abbas ZG, Vetvik K (2007) Microalbuminuria among Type 1 and Type 2 diabetic
patients of African origin in Dar Es Salaam, Tanzania. BMC Nephrol 8:2. https://doi.org/10.1186/1471-
2369-8-2

23. Janmohamed MN, Kalluvya SE, Mueller A, et al (2013) Prevalence of chronic kidney disease in diabetic
adult out-patients in Tanzania. BMC Nephrol 14:183. https://doi.org/10.1186/1471-2369-14-183

24. Jayapaul MK, Messersmith R, Bennett-Jones DN, et al (2006) The joint diabetic-renal clinic in clinical
practice: 10 years of data from a District General Hospital. QJM  99:153-160.
https://doi.org/10.1093/qjmed/hcl016

25. Patel M, Shilliday IR, McKay GA (2009) A combined diabetes renal clinic improves risk factor management
and progression of renal disease in a district general hospital. J Eval Clin Pract 15:832-835.
https://doi.org/10.1111/j.1365-2753.2008.01097.x

26. Joss N, Paterson KR, Deighan CJ, et al (2002) Diabetic nephropathy: how effective is treatment in clinical
practice? QJM 95:41-49. https://doi.org/10.1093/qjmed/95.1.41

27. Slade H, Williams SM, Manning PJ, Walker R] (2011) High-risk diabetic nephropathy patients: the outcome
of evidence-based clinical practice in an outpatient clinic. Diabetes Res Clin Pract 92:356-360.
https://doi.org/10.1016/j.diabres.2011.02.022

28. Tuttle KR, Bakris GL, Bilous RW, et al (2014) Diabetic kidney disease: a report from an ADA Consensus
Conferencee.  Am ] kidney Dis Off J Natl Kidney Found  64:510-533.
https://doi.org/10.1053/j.ajkd.2014.08.001

29. Liew BS, Perry C, Boulton-Jones JM, et al (1997) Diabetic nephropathy: an observational study on patients
attending a joint diabetes renal clinic. QJM 90:353-358. https://doi.org/10.1093/qjmed/90.5.353

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.2621.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 July 2025 d0i:10.20944/preprints202507.2621.v1

13 of 13

30. Weber C, Beaulieu M, Djurdjev O, et al (2012) Towards rational approaches of health care utilization in
complex patients: an exploratory randomized trial comparing a novel combined clinic to multiple
specialty clinics in patients with renal disease-cardiovascular disease-diabetes. Nephrol Dial Transplant
Off Publ Eur Dial Transpl Assoc - Eur Ren Assoc 27 Suppl 3:iii104-10. https://doi.org/10.1093/ndt/gfr292

31. Zimbudzi E, Lo C, Ranasinha S, et al (2022) A co-designed integrated kidney and diabetes model of care
improves mortality, glycaemic control and self-care. Nephrol Dial Transplant Off Publ Eur Dial
Transpl Assoc - Eur Ren Assoc 37:1472-1481. https://doi.org/10.1093/ndt/gfab230

32. Zimbudzi E, Lo C, Ranasinha S, et al (2020) Health-related quality of life among patients with comorbid
diabetes and kidney disease attending a codesigned integrated model of care: a longitudinal study. BM]J
open diabetes Res care 8:. https://doi.org/10.1136/bmjdrc-2019-000842

33. Adedokun ST, Yaya S (2020) Factors influencing mothers’ health care seeking behaviour for their children:
evidence from 31 countries in sub-Saharan Africa. BMC Health Serv Res 20:842.
https://doi.org/10.1186/s12913-020-05683-8

34. Balcha SA, Phillips DIW, Trimble ER (2018) Type 1 Diabetes in a Resource-Poor Setting: Malnutrition
Related, Malnutrition Modified, or Just Diabetes? Curr Diab Rep 18:47. https://doi.org/10.1007/s11892-
018-1003-7

35.  White SL, Yu R, Craig JC, et al (2011) Diagnostic accuracy of urine dipsticks for detection of albuminuria
in the general community. Am ] kidney Dis Off ] Natl Kidney Found 58:19-28.
https://doi.org/10.1053/j.ajkd.2010.12.026

36. Sumida K, Nadkarni GN, Grams ME, et al (2020) Conversion of Urine Protein-Creatinine Ratio or Urine
Dipstick Protein to Urine Albumin-Creatinine Ratio for Use in Chronic Kidney Disease Screening and
Prognosis: An Individual Participant-Based Meta-analysis. Ann Intern Med 173:426-435.
https://doi.org/10.7326/M20-0529

37. Bouaziz A, Zidi I, Zidi N, et al (2012) Nephropathy following type 2 diabetes mellitus in Tunisian
population. West Indian Med ] 61:881-889. https://doi.org/10.7727/wim;j.2012.053

38. Alebiosu CO, Ayodele OE (2006) The increasing prevalence of diabetic nephropathy as a cause of end stage
renal disease in Nigeria. Trop Doct 36:218-219. https://doi.org/10.1258/004947506778604797

39. Mafundikwa A, Ndhlovu CE, Gomo Z (2007) The prevalence of diabetic nephropathy in adult patients
with insulin dependent diabetes mellitus attending Parirenyatwa Diabetic Clinic, Harare. Cent Afr ] Med
53:1-6. https://doi.org/10.4314/cajm.v53i1-4.62599

40. Reutens AT, Atkins RC (2011) Epidemiology of diabetic nephropathy. Contrib Nephrol 170:1-7.
https://doi.org/10.1159/000324934

41. Umanath K, Lewis JB (2018) Update on Diabetic Nephropathy: Core Curriculum 2018. Am J Kidney Dis
71:884-895. https://doi.org/10.1053/j.ajkd.2017.10.026

42. Cole]B, Florez JC (2020) Genetics of diabetes mellitus and diabetes complications. Nat Rev Nephrol 16:377—
390. https://doi.org/10.1038/s41581-020-0278-5

43.  Smide B (2009) Outcome of foot examinations in Tanzanian and Swedish diabetic patients,a comparative
study. J Clin Nurs 18:391-398. https://doi.org/10.1111/j.1365-2702.2008.02492.x

44. Armstrong DG, Tan T-W, Boulton AJM, Bus SA (2023) Diabetic Foot Ulcers: A Review. JAMA 330:62-75.
https://doi.org/10.1001/jama.2023.10578

45. Kristensen SL, Rerth R, Jhund PS, et al (2019) Cardiovascular, mortality, and kidney outcomes with GLP-1
receptor agonists in  patients with type 2 diabetes: a systematic review and meta-analysis of
cardiovascular outcome trials. lancet Diabetes Endocrinol 7:776-785. https://doi.org/10.1016/52213-
8587(19)30249-9

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.2621.v1
http://creativecommons.org/licenses/by/4.0/

