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ABSTRACT

Background: Diabetic nephropathy (DN), the most common complication
of type 2 diabetes (T2DM), has been reported to occur more often among
the early-onset type 2 diabetes (ET2DM) compared to the late-onset type
2 diabetes (LT2DM) in the Western populations with no previous data on
this subject in Nigeria. Hence, the current study evaluated the incidence
and risk of DN between ET2DM versus LT2DM.
Methods: This was a retrospectively designed cross-sectional observational
study conducted at the Rivers State University Teaching Hospital, Southern
Nigeria. Socio-demographic, anthropometric, clinical, and laboratory data
for 10 years (2014–2023) were obtained from medical records of T2DM
patients with similar DM duration and analyzed using descriptive/inferential
statistics.
Results: During the studied period, 3,111 adults were diagnosed with T2DM
of which 352 (11.3%) presented with incident DN. T2DM cohorts with
incident DN were mostly those with ET2DM diagnosis (n = 218; 61.9%)
compared to the LT2DM. The ET2DM cohorts were relatively younger with
higher proportions of positive DM family history, overweight/obesity status,
blood pressure, plasma creatinine/glucose, urine albumin-to-creatinine ratio,
and HbA1c but lower eGFR at presentation than the LT2DM cohorts.
The ET2DM was significantly associated with incident DN following crude
(HR: 6.986; 95%CI: 3.476–9.518; p < 0.001) and confounder-adjusted (HR:
4.684; 95%CI: 2.270–7.114; p < 0.001) Cox proportional regression models
compared to the LT2DM cohorts.
Conclusion: DN is common among patients with T2DM and more partic-
ularly prevalent among younger patients with metabolic condition. Hence,
aggressive exploration of renal status should be made mandatory during the
initial evaluation of T2DM among younger patients.
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1. Introduction

It has become common knowledge and an established
scientific fact that the current global pattern of type 2
diabetes mellitus (T2DM) has assumed an obvious pan-
demic dimension [1], [2]. This current dimension is majorly
steered by the global obesity epidemic, including inactive
lifestyle choices among those at risk [1]–[3]. Based on this
current epidemiologic trajectory, it has been predicted to
be more catastrophic for low- and middle-income coun-
tries in the next few decades [3].

T2DM is characterized by various complications that
arise insidiously during the disease [4]. These complica-
tions are employed in establishing the disease prognostic
dynamics [3], [4]. Consequently, diabetic nephropathy
(DN) has been recognized as the most common complica-
tion of T2DM [5]. DN, which is a major determinant and
cause of DM-related morbidity and mortality, has been
widely documented to be highly common among patients
with T2DM [5].
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Current epidemiologic data indicate that DN tends
to occur and progresses rapidly among patients with
early-onset T2DM (ET2DM) compared to those with
later-onset T2DM (LT2DM) [6]. This portends significant
clinical, social, economic, and public health consequences
for those with ET2DM [6]–[9]. However, most of these
previous epidemiologic data have emanated from West-
ern populations and remain yet to be verified among
Nigerians.

Hence, the current study evaluated the characteristics
and risk of DN among patients with newly diagnosed
ET2DM versus newly diagnosed LT2DM at the Rivers
State University Teaching Hospital, Southern Nigeria.

2. Materials and Methods

2.1. Design, Setting, and Site

This descriptive, cross-sectional, and retrospective study
was conducted at the Rivers State University Teaching
Hospital (RSUTH) in Rivers State, Southern Nigeria.
RSUTH is one of the Nigeria federal government-
affiliated tertiary health institutions in River State which is
a major referral health institution in the state.

2.2. Ethical Considerations

The ethical approval of the study was obtained from the
Research Ethics Committee of RSUTH. The study was
thereafter conducted by the core basic principles encapsu-
lated in the Helsinki Declaration.

2.3. Tools and Target Populations

The study was carried out using only the relevant
anonymized medical data, obtained at initial presentation
and at diagnosis in RSUTH, from all the eligible T2DM-
diagnosed population in RSUTH before the initiation
of any form of medical intervention among the study
population.

2.4. Data Acquisition

The relevant data was obtained from the medical records
of all eligible study population, using a well-structured
data extraction template, by trained research assistants.
All the data were acquired at the point of initial T2DM
diagnosis and included the followings: age, sex, educa-
tional level, residential area, occupational status, family
history of diabetes (DM), alcohol/cigarette consumption
status, duration of classic T2DM symptoms before diag-
nosis, T2DM duration, blood pressure, body mass index
(BMI), and all initial relevant laboratory parameters such
as fasting plasma glucose (FPG), random plasma glucose
(RPG), glycated hemoglobin A1c (HbA1c), serum elec-
trolytes (sodium, potassium, chloride, bicarbonate), urea,
creatinine, urine protein, hematuria, and urine albumin to
creatinine ratio (UACR).

2.5. Eligibility Criteria

The criteria for inclusion were as follows:

1. Medical records of all T2DM patients diagnosed
with incident adult-onset (≥18 but <65 years of age)

T2DM in RSUTH over 10 years (January 2014 to
the 31st of December 2023).

2. Medical records of all T2DM patients who had sim-
ilar duration (6–7 months) of the classic symptoms
(frequent urination, polyphagia, and polydipsia plus
or minus unintended weight loss, fatigue, poor
wound healing, poor vision, and frequent genito-
urinary infections) of T2DM before presenting in
RSUTH.

3. Medical records of those enjoying relatively good
health without any other pre-existing/existing
comorbidities before the onset of the classic T2DM
symptoms.

The criteria for exclusion were as follows:

1. Medical records of those aged <18 years and >65
years of age,

2. Medical records of those with any other class of DM,
3. Medical records of those presenting with incident

acute/chronic complications of T2DM
4. Medical records of pregnant patients,
5. Medical records of those with any pre-

existing/existing comorbidities or on drugs that can
alter renal function/urine protein excretion (ACE
inhibitors, etc) at presentation,

6. Medical records of those diagnosed outside RSUTH
before presentation in RSUTH,

7. Medical records of those with incomplete relevant
study data.

2.6. Laboratory Protocols

During the study period, all specimen collection and lab-
oratory protocols were carried out following standardized
guidelines. Plasma electrolytes (sodium, potassium, chlo-
ride, and bicarbonate) were determined on ion-selective
electrode automated electrolyte analyzer (SFRI 6000,
Medical Diagnostics, Bordeaux France).

FPG, RPG, urea, and creatinine were determined on an
automated chemistry analyzer (BS200, Mindray, China).
Glycated hemoglobin AIc (HbA1c) was determined via
ion-exchange chromatography (D10, Biorad Diagnostics,
USA). Urine chemistry analyses was done on an auto-
mated urine analyzer (Combilyzer-13, Human Diagnostics
Worldwide, Wiesbaden, Germany).

2.7. Laboratory Diagnosis

During the study period, T2DM diagnosis was based on
both the 1999 World Health Association (WHO) and the
2010 American Diabetes Association (ADA) diagnostic
criteria as previously described [10].

1. The T2DM diagnosis was based on the 1999 WHO
guideline if one or more of the following laboratory
parameters was met among any suspected case in the
presence of the classic symptoms:

a) FPG ≥7.0 mmol/l,
b) RPG ≥11.1 mmol/l,
c) Two-hour OGTT ≥11.1 mmol/l.

2. Based on the 2010 ADA criteria, T2DM was diag-
nosed when the HbA1c level exceeds 6.5% among
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any suspected case in the presence of the classic
symptoms.

2.8. Definitions/Categorization of Study Variables

1. T2DM diagnosis was defined based on meeting the
following characteristics:

a) No history of being on insulin therapy since
diagnosis,

b) Being on, and responsive to, oral anti-
hyperglycemic medications since diagnosis,

c) Nil history or evidence of type 1 diabetes
autoimmune markers.

2. BMI obtained from weight in meters divided by
square of height in meters was stratified as under-
weight (<18.5), normal (18.5–24.9), overweight
(25–29.9), or obese (≥30).

3. Those presenting with incident T2DM at age ≤40
years excluding secondary DM (drug- or chemical-
induced, exocrine pancreas disease, genetic defects),
MODY, gestational diabetes and rare forms of dia-
betes were designated as having ET2DM and those
presenting at age >40 years were designated as hav-
ing LT2DM.

4. DN positive was defined based on the follow-
ing clinical/laboratory characteristics as previously
described [11]:

a) Persistent UACR of >30 mg/mmol, determined
in fasting spot urine specimen, that was con-
firmed on at least 2 of 3 specimens collected
during a 3–6 months period.

b) Plus/minus progressive decline in the estimated
glomerular filtration rate (eGFR).

c) Presence of diabetic retinopathy.
d) Elevated arterial blood pressure (>130/80

mmHg).
e) Absence of clinical/laboratory evidence of any

other renal or urinary tract diseases.

5. The eGFR was calculated using the MDRD formula
and expressed in milliliters per minute [12].

2.9. Data Processing and Analysis

Data was managed using the SPSS v23 for Windows
(IBM Corp., Armonk, NY, USA). The non-categorical
variables were summarized using means/standard devia-
tions and compared using the Student t test or analysis
of variance, when appropriate. Categorical variables were
summarized using proportions expressed as numbers/fre-
quencies; between-group comparisons were determined
using the Chi-squared test. The Cox proportional haz-
ards model was used to define the association of DN
among the categories of studied cohorts. The Schoenfeld
residuals test was used to check the proportional hazard
model assumption. Hazard ratios with its respective 95%
confidence intervals were reported to show significance
and strength of association. A two-tailed test was used to
evaluate statistical significance, and a probability value
(p-value) of <0.05 was considered statistically significant.

3. Results

During the studied period (2014–2024), 3,111 adults
were diagnosed with incident T2DM as depicted in Table I.
Of that total, 352 (11.3%) presented with varied clinical
and laboratory characteristics consistent with incident DN
(Table I). Those who presented with the incident DN were
relatively younger and had higher systolic and diastolic
blood pressure compared to those who presented without
the incident DN (p < 0.05; Table I). Additionally, those
with the incident DN were majorly those who presented
with early-onset T2DM (n = 218; 61.9%) compared to
those who presented with late-onset T2DM (n = 134;
38.1%) (p < 0.05; Table I).

Those who presented with the early-onset T2DM were
relatively younger, had higher proportions of positive fam-
ily history of DM, higher overweight/obesity status, and
higher mean systolic and diastolic blood pressure com-
pared to the late-onset T2DM cohorts (p < 0.05; Table II).

Moreover, those who presented with early-onset T2DM
also had higher plasma creatinine, FPG, RPG, UACR, and
HbA1c but lower eGFR at presentation compared to those
with the late-onset T2DM (p < 0.05; Table III).

Compared to the late-onset T2DM cohorts, the early-
onset T2DM cohorts had a significant association with
incident diabetic nephropathy following crude (HR: 6.986;
95% CI: 3.476–9.518; p < 0.001) and adjusted (HR: 4.684;
95% CI: 2.270–7.114; p<0.001) Cox proportional regres-
sion analyses (Table IV).

4. Discussion

4.1. Major Findings

During the study period, 3,111 adults were diagnosed
with T2DM of which 352 (11.3%) presented with incident
DN. T2DM cohorts with incident DN were mostly those
with ET2DM diagnosis (n = 218; 61.9%) compared to
the LT2DM. The ET2DM cohorts were relatively younger
with higher proportions of DM family history, over-
weight/obesity status, systolic/diastolic blood pressure,
plasma creatinine/glucose, urine albumin-to-creatinine
ratio, and HbA1c but lower eGFR at presentation com-
pared to the LT2DM cohorts. The ET2DM cohorts also
had a higher risk of incident DN following crude and
confounder-adjusted Cox proportional regression analyses
compared to the LT2DM cohorts.

4.2. Relationship of Findings with Existing Literature

The incidence rate of DN observed in the current study
among the studied cohorts is relatively high and seems
to align with the incidence rate documented in a similar
retrospective study conducted in Ethiopia [13]. The high
incidence rate may also reflect the rising incidence of type
2 diabetes within the studied area [10]. In contrast, the
incidence rate of DN documented in the current study is
lower than those reported in Middle Eastern Countries
[14]. The variance in these documented incident rates may
be related to differences in study design and population
characteristics of those sampled in these previous studies.

Recent studies evaluating diabetic complications, includ-
ing DN, in early-onset versus later-onset type 2 diabetes
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TABLE I: Baseline Features of Enrolled Study Population (n = 3,110)

Variables All DM cohorts DN positive DN negative p-value

Mean ± SD/n (%) Mean ± SD/n (%) Mean ± SD/n (%) DN+ vs DN-
N 3,110 (100) 352 (11.3) 2,758 (88.7) <0.001∗

Time of T2DM onset <0.001∗

ET2DM 644 (20.7) 218 (61.9) 426 (15.5)
LT2DM 2,467 (79.3) 134 (38.1) 2,333 (84.5)
Mean age, years 57.32 ± 7.88 46.91 ± 5.66 56.93 ± 8.47 <0.001∗

Gender 0.328
Male 1,501 (48.3) 175 (49.7) 1,326 (48.1)
Female 1,609 (51.7) 177 (50.3) 1,432 (51.9)

Residential area 0.414
Urban 1,557 (50.1) 173 (49.2) 1,384 (50.2)
Rural 1,553 (49.9) 179 (50.8) 1,374 (49.8)

Family history of DM 0.424
Yes 1,513 (48.6) 174 (49.4) 1,339 (48.5)
No 1,597 (51.4) 178 (50.6) 1,419 (51.5)

Educational level 0.117
Primary 154 (5.0) 16 (4.4) 138 (5.0)
Secondary 1,220 (39.2) 120 (34.1) 1,100 (40.0)
Tertiary 1,736 (55.8) 206 (58.5) 1,530 (55.0)

Occupation 0.166
Civil servant 1,185 (38.1) 139 (39.5) 1,046 (38.0)
Farmer 113 (3.7) 11 (3.1) 102 (3.7)
Self-employed 1,033 (33.2) 167 (47.4) 866 (31.4)
Retired 445 (14.3) 15 (4.3) 430 (15.6)
Student/others 334 (10.7) 20 (5.7) 314 (11.3)

Alcohol intake 0.255
Yes 626 (20.1) 75 (21.3) 551 (20.0)
No 2,484 (79.9) 277 (78.7) 2,207 (80.0)

Cigarette smoking 0.143
Yes 308 (9.9) 37 (10.5) 271 (9.8)
No 2,802 (90.1) 315 (89.5) 2,487 (90.2)

BMI status 0.220
Normal 667 (21.5) 97 (27.6) 570 (20.7)
Overweight 1,534 (49.3) 132 (37.5) 1,402 (50.8)
Obese 909 (29.2) 123 (34.9) 786 (28.5)

Blood pressure, mmHg
Systolic 129.44 ± 8.67 136.57 ± 8.08 125.79 ± 8.16 <0.001∗

Diastolic 78.59 ± 5.33 83.44 ± 4.32 74.91 ± 4.22 <0.001∗

Duration of DM
symptoms before
presentation, days

191.13 ± 13.66 190.45 ± 13.80 191.02 ± 13.14 0.414

Note: ∗Statistically significant; DM: Diabetes mellitus; DN: Diabetic nephropathy; SD: Standard deviation; BMI: Body mass index; DM: Diabetes
mellitus.

have vastly documented these complications to be more
pronounced among the early-onset cases compared to the
later-onset cases [6]–[9]. Early-onset T2DM has also been
reported as a risk factor for DN progression in a recent
biopsy-based study [6]. This observation is supported by
the findings in the current study, where most early-onset
cases presented with DN compared to the later-onset cases.
The present observation is further strengthened by the
higher risk of DN documented among the early-onset type
2 diabetics compared to the later-onset type 2 diabetics in
the current study.

Furthermore, the early-onset cohorts were also observed
to have a higher preponderance of family history of
DM, overweight/obesity status, blood pressure, plasma
creatinine/glucose, urine albumin-to-creatinine ratio, and
HbA1c but lower eGFR at presentation/diagnosis. These

are clinical/laboratory parameters that have been docu-
mented in association with the severity and aggressive
metabolic dynamics of T2DM with co-existent DN among
the early-onset type 2 diabetics in previous studies [6]–[9],
[15], [16].

4.3. Mechanism of DN in Early-onset T2DM

The mechanisms of DN in early-onset type 2 diabetics
relative to later-onset type 2 diabetics remain speculative
in the literature. However, most observational and experi-
mental reports have dwelled on the severity and aggressive
nature of the T2DM dynamics to explain the preponder-
ance of DN and other complications in early-onset T2DM
[17]–[20]. Accelerated decline in beta cell function and
severe insulin resistance have been suggested to play major
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TABLE II: Baseline Features by Diabetic Nephropathy Status and Time of T2DM Onset

Variables All DN cohorts ET2DM LT2DM p-value

Mean ± SD/n (%) Mean ± SD/n (%) Mean ± SD/n (%) ET2DM VS. LT2DM
N 352 (100) 218 (61.9) 134 (38.1)
Time of T2DM onset 46.91 ± 5.66 36.88 ± 5.09 58.68 ± 7.33 <0.001∗

ET2DM 0.064
LT2DM 175 (49.7) 107 (49.1) 68 (50.7)
Mean age, years 177 (50.3) 111 (50.9) 66 (49.9)

Gender 0.300
Male 173 (49.2) 108 (49.5) 65 (47.5)
Female 179 (50.8) 110 (50.5) 69 (52.5)

Residential area 0.023∗

Urban 174 (49.4) 123 (56.4) 51 (38.1)
Rural 178 (50.6) 95 (43.6) 83 (61.9)

Family history of DM 0.116
Yes 16 (4.4) 10 (4.6) 6 (4.5)
No 120 (34.1) 61 (28.0) 59 (44.0)

Educational level 206 (58.5) 137 (67.4) 69 (51.5)
Primary 0.204
Secondary 139 (39.5) 85 (40.0) 54 (40.3)
Tertiary 11 (3.1) 7 (3.2) 4 (3.0)

Occupation 167 (47.4) 100 (45.9) 67 (50.0)
Civil servant 15 (4.3) 11 (5.0) 4 (3.0)
Farmer 20 (5.7) 15 (6.9) 5 (3.7)
Self-employed 0.166
Retired 75 (21.3) 49 (22.8) 26 (19.4)
Student/others 277 (78.7) 159 (87.2) 118 (80.6)

Alcohol intake 0.098
Yes 37 (10.5) 15 (6.9) 22 (16.6)
No 315 (89.5) 203 (93.1) 112 (83.4)

Cigarette smoking 0.014∗

Yes 97 (27.6) 30 (13.8) 67 (50.0)
No 132 (37.5) 101 (46.3) 31 (33.5)

BMI status 123 (34.9) 87 (39.9) 36 (16.5)
Normal
Overweight 136.57 ± 8.08 138.44 ± 7.96 127.65 ± 7.40 <0.001∗

Obese 83.44 ± 4.32 87.51 ± 4.63 83.33 ± 4.48 0.022∗

Blood pressure, mmHg 190.45 ± 13.80 189.71 ± 13.45 190.76 ± 13.44 0.378

Note: ∗Statistically significant; SD: Standard deviation; DN: Diabetic nephropathy; ET2DM: Early onset type 2 diabetes; LT2DM: Late onset type 2
diabetes; BMI: Body mass index; DM: Diabetes mellitus.

TABLE III: Laboratory Features by Diabetic Nephropathy Status and by Time of T2DM Onset

Diabetic nephropathy cohorts

Parameters All DN cohorts ET2DM LT2DM p-value
ET2DM vs LT2DM

N 352 218 134
Mean ± SD/n (%) Mean ± SD/n (%) Mean ± SD/n (%)

Plasma sodium, mmol/L 138.74 ± 9.78 136.66 ± 9.77 135.49 ± 9.76 0.304
Plasma potassium, mmol/L 3.57 ± 1.13 3.66 ± 1.15 3.57 ± 1.14 0.122
Plasma chloride, mmol/L 96.78 ± 6.55 96.70 ± 6.57 95.76 ± 6.56 0.267

Plasma bicarbonate, mmol/L 28.67 ± 3.70 26.62 ± 3.17 28.65 ± 3.20 0.089
Plasma urea, mmol/L 4.68 ± 1.18 4.87 ± 1.16 4.34 ± 4.26 0.174

Plasma creatinine, μmo/L 121.41 ± 5.52 126.77 ± 5.72 97.45 ± 5.31 <0.001∗

eGFR, mls/minute 92.35 ± 7.14 76.79 ± 7.22 95.67 ± 7.61 <0.001∗

FPG, mmol/L (n = 152) 8.66 ± 2.05 9.21 ± 2.34 8.11 ± 2.21 0.002∗

RPG, mmol/L (n = 200) 12.54 ± 3.29 13.88 ± 3.47 12.04 ± 3.30 0.014∗

HbA1c, % 8.86 ± 2.01 10.67 ± 2.22 9.94 ± 2.81 0.165
UACR, mg/mmol 39.35 ± 3.41 47.92 ± 3.55 37.37 ± 3.42 <0.001∗

Note: ∗Statistically significant; DN: Diabetic nephropathy; SD: Standard deviation; ET2DM: Early onset type 2 diabetes; LT2DM: Late onset type 2
diabetes; FPG: Fasting plasma glucose; RPG: Random plasma glucose; HbA1c: Glycated hemoglobin A1c; UACR: Urine albumin to creatinine ratio.
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TABLE IV: Risk of Incident Diabetes Nephropathy among the ET2DM and LT2DM Study Populations

T2DM onset time Unadjusted HR 95% CI; p-value Adjusted HR∗∗ 95% CI; p-value

LT2DM 1.0 (Reference) —– 1.0
(Reference)

—

ET2DM 6.986 3.476–9.518; <0.001 4.684 2.270–7.114; <0.001∗

Note: ∗Statistically significant; ET2DM: Early onset type 2 diabetes; LT2DM: Late onset type 2 diabetes; SD: Standard deviation; HR: Hazard ratio;
CI: Confidence interval; ∗∗Adjusted for age, family history of diabetes mellitus, BMI, systolic/diastolic blood pressure, plasma creatinine, estimated
glomerular filtration rate, fasting/random plasma glucose, and urine albumin to creatinine ratio.

roles in the severity and aggressiveness of T2DM in early-
onset T2DM [16]. Compared to the later-onset T2DM
cohorts and despite having a similar duration of T2DM
in the current study, the early-onset T2DM cohorts had
worse glycemic status and higher systolic/diastolic blood
pressures. These are factors associated with a decline in
beta cell function and enhanced insulin resistance, respec-
tively, which tend to heighten the risk of incident DN in
early-onset T2DM [6]–[9].

4.4. Relevance of Findings to Clinical Practice and
Future Research

The study findings indicate the need to aggressively
pursue the evaluation of renal status as early as possible
in early-onset T2DM cohorts at presentation and diagno-
sis. Furthermore, future research should be structured to
reveal the exact mechanisms underlying the incidence of
DN in early-onset T2DM.

4.5. Strengths and Limitations of the Current Study

The study’s strength lies in the use of a relatively large
sample size population who are all newly diagnosed and
treatment-naïve T2DM cases at the acquisition of the
relevant data for analysis. However, our data should be
interpreted in the context of several limitations. First, as
the natural history of T2DM is quite a complex one, we
could only deduce the age they were diagnosed with T2DM
rather than the exact onset time of T2DM. Secondly, we
could not exclude all other possible confounding factors
for the natural complexity of DN in T2DM. Thirdly,
because of the difficulty of laboratory differential diagno-
sis, other DM types may be misdiagnosed as T2DM in the
current study. Notwithstanding these limitations, our study
offers valuable insights into the characteristics of DN in a
Nigerian population.

5. Conclusion

In conclusion, although with the comparable T2DM
duration, patients with early-onset T2DM had a higher
proportion and risk of DN than those with later-onset
T2DM. This calls for urgent attention to the evaluation
of patients with early-onset T2DM. Hence, the study’s
findings emphasize the need for aggressive exploration of
renal status, which should be made mandatory during the
initial evaluation among younger patients with T2DM.
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