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Introduction

Type 2 diabetes (T2D) is a global public health challenge 
with its increasing prevalence and wide range of associ-
ated complications.1 Chronic kidney disease (CKD) 
stands out as one of the most prevalent of these complica-
tions affects approximately 30% to 40% of individuals 
with T2D during their lifetime.2 People living with diabe-
tes-related CKD face an elevated risk of progressing to 
end-stage renal disease, cardiovascular complications, 
and reduced life expectancy.3 In addition, advanced CKD 
significantly reduces a patient’s quality of life and 
increases healthcare expenditures.4

The burden of diabetes is particularly pronounced in 
low- and middle-income countries (LMICs), where approx-
imately 80% of diabetes cases are concentrated and access 

to care (including renal replacement therapies for patients 
with kidney failure) is limited.5-7 Due to the current trend 
of CKD burden attributable to T2D, it is anticipated that 
diabetes complications will increase the demand for health-
care services globally.8 In response to the escalating burden 
of diabetes, the World Health Organization launched the 
Global Diabetes Compact in 2021, aiming to mitigate dis-
parities in access to diagnosis and treatment, ensuring uni-
versal care through primary health care centers.9

The most effective strategy to reduce the burden of dia-
betes-related CKD among those already diagnosed with 
T2D is to achieve diabetes care goals through comprehen-
sive care and to diagnose and treat CKD in its early 
stages.2,10,11 Despite the noninvasive and cost-effective 
nature of CKD testing, rates of testing, and diagnosing in 
primary care settings remain low.12-14 As early-stage CKD 
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is asymptomatic in most patients, poor performance of 
screening tests and incomplete screening results in missed 
opportunities for early intervention. Moreover, there is a 
lack of data on diabetes-related complications in LMICs, 
including diabetes-related CKD in primary care settings, 
where the majority of patients are diagnosed with the con-
dition during its late stages.14,15 Data scarcity impedes 
healthcare systems from accurately identifying and charac-
terizing the population at the highest risk for preventive 
interventions and efficient resource allocation.

Notably, some subgroups of T2D individuals experi-
ence early and rapid CKD progression.16,17 However, 
potential explanations for associated factors and the mag-
nitude of their effect still need to be fully understood. 
Despite reported epidemiological variations among popu-
lations and the magnitude of the public health impact of 
CKD, there is still a paucity of research on the clinical 
characterization of CKD in LMICs, which harbor addi-
tional unique risk factors. This study aims to determine the 
prevalence of CKD and its associated factors in patients 
with T2D receiving conventional care in primary care set-
tings who were participating in a quality improvement 
initiative.

Materials and Methods

Study Design and Participants

This cross-sectional study was conducted among adult T2D 
patients receiving conventional care at primary care centers 
within the public healthcare system in Mexico City. 
Participants were invited to participate in the healthcare ser-
vice program known as DIABEMPIC (DIABetes 
EMPowerment and Improvement of Care), a quality 
improvement initiative aimed at accelerating evidence-
based interventions to achieve diabetes care goals achieve-
ment, achieving the early identification of diabetes-related 
complications and enhancing health-related quality of life 
in participants. A detailed description of procedures and 
recruitment has been provided previously.18 Briefly, this 
multi-component intervention, which is provided free of 
charge and supported by the Mexico City government 
health ministry, includes an interdisciplinary care model 

approach, a diabetes self-management education program, 
screening and diagnosis of complications, on-site services, 
and pharmacological treatment. Previous reports have doc-
umented the achievement of diabetes care goals, factors 
associated with better outcomes and the prevalence of cer-
tain diabetes-related complications within this 
program.18-20

Participants were enrolled between July 2017 and 
January 2023. They were referred from primary care units 
to the Clinic Specialized in Diabetes Management in 
Mexico City, which is part of the primary care stewardship 
and where the comprehensive care program is adminis-
tered. Our exclusion criteria were acute or chronic condi-
tions necessitating immediate hospital care, pregnancy, and 
diagnoses of diabetes other than T2D. Ethical approval was 
obtained from Mexico City Ministry of Health ethics com-
mittee (609-01-01-18). All participants gave their verbal 
and written informed consent.

The sample size was calculated using the formula for 
estimating prevalence in cross-sectional studies, consider-
ing a 95% confidence level, desired margin of error of 
0.05, with an assumed prevalence of CKD from previous 
studies (30-40%)2 additionally to risk factors associated 
with CKD to be included in the logistic regression model. 
The estimated sample size was 1010 patients including an 
additional 10% for possible missing data.

Measurements and Data Collection

Demographic characteristics, time since diagnosis, comor-
bidities, current pharmacological treatment and physical 
examination findings were retrieved from medical records 
and confirmed during medical interviews. The status of 
diabetes-related complications, including the comprehen-
sive assessment of retinopathy and diabetic neuropathy, 
was updated. Biochemical data, including serum creatinine 
and the urinary albumin-to-creatine ratio (ACR), were col-
lected from each participant upon enrollment.

The prevalence of CKD was determined based on the 
presence of reduced estimated glomerular filtration rate 
(eGFR) and albuminuria in the absence of clinical indica-
tors of other causes of kidney disease.21 The 2021 CKD-
EPI equation was employed to estimate eGFR from the 
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serum creatinine, age, and sex of participants per current 
guidelines. Albuminuria was assessed using the urinary 
ACR. CKD was defined by eGFR values of <60 mL/
min/1.73 = m2 and/or albuminuria as indicated by ACR 
≥30 mg/g. Sample collection for biochemical tests was 
postponed in participants reporting exercise within 24 h, 
infection, fever, or menstruation.

Risk categories of CKD, according to the Kidney 
Disease Improving Global Outcomes (KDIGO) classifica-
tion, were used to define the risk of progressive CKD, car-
diovascular events, and mortality. This staging system 
combines the severity of albuminuria and decreased eGFR 
to categorize individuals based on risk.21

Statistical Analysis

The Kolmogorov-Smirnov test was employed to test the 
null hypothesis that continuous data adhere to a normal dis-
tribution. Data are reported as the mean ± standard devia-
tion for normally distributed variables or as the median and 
interquartile range for non-normally distributed variables. 
Categorical variables are expressed as frequencies and per-
centages. Differences between participants with and 

without CKD were evaluated using Student’s t-test or the 
Mann-Whitney U test, as appropriate, for continuous vari-
ables and Pearson’s chi-square test or Fisher’s exact test, as 
appropriate, for categorical variables.

The prevalence of rates of albuminuria, eGFR <60 mL/
min/1.73 m2 and overall CKD were estimated with 95% 
confidence intervals (CIs) through bootstrap resampling of 
1000 resamples. CKD’s prevalence was further stratified 
according to the KDIGO severity classification, early- or 
later-onset diabetes diagnosis and current adulthood stage. 
Early-onset diabetes (EOD) and later-onset diabetes (LOD) 
were defined as diagnoses made before and after the age of 
40 years, respectively.22 Logistic regression analyses were 
conducted on variables with a P value ≤.20 in univariate 
analyses using the Wald test to determine CKD associated 
factors, presented as odds ratios (ORs) with corresponding 
95% CIs. Statistical model building was guided by the 
minimization of variables method to obtain the most parsi-
monious model evaluated by the Akaike information crite-
rion and results generalizability.23 A P-value of <.05 was 
considered statistically significant. Statistical analyses 
were performed using SPSS (version 25, IBM Corp, 
Armonk, NY) and Jamovi (version 2.3).

Figure 1.  Prevalence of chronic kidney disease and its components in the entire cohort.
Abbreviation: CKD, chronic kidney disease; Low eGFR, low estimated glomerular filtration rate (<60 mL/min/1.73 m2).
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Results

A total of 1453 patients with T2D were assessed between 
July 2017 and January 2023. Among them, 133 were 
excluded due to missing data on eGFR, albuminuria, or 
other CKD-related causes unrelated to T2D, leaving 1319 
participants for the analysis (516 with and 803 without 
CKD).

The prevalence of CKD (eGFR <60 mL/min/1.73 m2 
and/or albuminuria) was 39.2% (95% CI: 36.8%-41.6%). 
Specifically, a reduced eGFR (<60 mL/min/1.73 m2) was 
observed in 10.9% (9.2%-12.4%) of participants, while 
albuminuria was present in 37.6% (34.9%-40.2%) of them. 
Among those with CKD, 72.1% had isolated albuminuria, 
19% had albuminuria coupled with low eGFR and 8.9% 
had isolated low eGFR (Figure 1). According to the KDIGO 
classification, the reported risk of CKD was categorized as 
follows: 61.2% low risk, 23.4% moderately increased risk, 
10.1% high-risk, and 5.4% highest risk (Supplemental 
Figure 1).

The sociodemographic and clinical characteristics of 
the study population and comparisons between patients 
with and without CKD are presented in Table 1. Patients 
with CKD were older and more frequently male, had lower 
education attainment, were more likely to have a sedentary 
lifestyle and had higher rates of hypertension, ischemic 
heart disease, diabetic neuropathy, and uncontrolled hyper-
tension. They were also diagnosed with T2D at a younger 
age, had a longer duration of T2D and exhibited higher 
blood glucose concentrations. Furthermore, participants 
with CKD reported greater usage of insulin, metformin, 
loop diuretics, inhibitors of angiotensin-converting enzyme 
inhibitors (ACEi), angiotensin receptor blockers (ARB), 
beta-blockers, and calcium antagonists. Supplemental 
Tables 1 to 3 compare sociodemographic and clinical char-
acteristics of patients with and without albuminuria, 
reduced glomerular filtration rate, and albuminuria with 
reduced glomerular filtration rate.

Prevalence rates of albuminuria, reduced eGFR, and 
overall CKD (albuminuria or reduced GFR) differed 
according to diabetes duration (Figure 2), with the highest 
prevalence observed in individuals with diabetes durations 
of >10 years (50.2%). The prevalence rates of microalbu-
minuria (ACR ≥30 and ≤300 mg/g) and macroalbumin-
uria (ACR ≥300 mg/g) were 25.2% and 10.1%, 
respectively. The prevalence rates of microalbuminuria and 
macroalbuminuria stratified by the eGFR category accord-
ing to KDIGO classification are shown in Supplemental 
Figure 2.

According to the current stage of adulthood, the preva-
lence rates of CKD in early adulthood participants 
(<40 years), middle-aged adults (40-65 years), and the 
elderly (>65 years) were 30.6%, 36.5%, and 45.2%, 
respectively.

As shown in Figure 3, the prevalence of CKD among 
middle-aged participants was higher in individuals with 
EOD compared with the LOD group (44.4% vs. 32.2%, 
P < .001). Additionally, the overall prevalence of CKD 
was higher in men (45.5%, [95% CI: 40-48]) compared 
with women (35%, [95% CI: 32-38]) as shown in 
Supplemental Figure 3.

Multivariable analyses identified several factors signifi-
cantly associated with the risk of CKD (Figure 4), including 
age (OR = 1.01; 95% CI: 1.0-1.02), the male sex (OR = 1.7; 
95% CI: 1.133-2.18), diabetes duration exceeding 10 years 
(OR = 1.78; 95% CI: 1.35-2.34), hypertension diagnosis 
(OR = 1.95; 95% CI: 1.51-2.51), diabetic retinopathy 
(OR = 1.97; 95% CI: 1.50-2.58), and metformin use 
(OR = 0.65; 95%CI: 0.47-0.89), with an area under the 
curve of 0.70. Factors associated with albuminuria, reduced 
eGFR, and the co-occurrence of both were also identified. 
Factors related to albuminuria included the male sex, diabe-
tes durations of >10 years, hypertension, diabetic retinopa-
thy, and metformin use. Factors associated with reduced 
eGFR were age, diabetes durations of >10 years, hyperten-
sion, diabetic retinopathy, and ARB use.

Discussion

This study reveals a relatively high prevalence of diabetes-
related CKD and associated risk factors among patients 
with T2D receiving conventional care in primary care set-
tings of a middle-income country. Only a few previous 
investigations had addressed the prevalence of CKD in 
particular subgroups of patients with T2D. Particularly 
notable is the elevated prevalence observed among young 
adults and middle-aged individuals, as well as those with 
early-onset diabetes. The significance of quantifying albu-
minuria, an element of renal assessment with poor execu-
tion in clinical practice, is underscored, revealing that the 
non-evaluation of albuminuria could hide the majority of 
individuals affected with CKD. Conducted in real-world 
primary care settings, our findings emphasize the impera-
tive of healthcare pathways that facilitate the timely diag-
nosis and treatment of CKD in the early stages of the 
disease to prevent its progression.

The prevalence of CKD varies significantly depending 
on the definition employed (low eGFR, albuminuria, or 
both) and the clinical setting where the study is carried out 
(primary care or hospital care). Notably, our study focused 
on patients in primary care, excluding those with advanced 
CKD requiring second or third-level care. Nevertheless, 
we observed a CKD prevalence of 39.2%, which is rela-
tively high compared with rates reported in similar primary 
care studies conducted in Finland and Greece (34.7% and 
45%, respectively).24,25 It is noteworthy that, compared 
with participants in these studies, participants in our study 
were approximately a decade younger, making the 
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Table 1.  Sociodemographic and Clinical Characteristics According to CKD Status.

Variables

Total With CKD Without CKD

P-valuen = 1319 n = 516 n = 803

Age, years 55 (48-62) 57 (49-65) 54 (47-60) .042
  <40 150 (11.4) 46 (8.9) 104 (13) .001
  40-65 921 (69.8) 333 (64.5) 588 (73.2)  
  >65 241 (18.3) 135 (26.2) 106 (13.2)  
Sex male, n (%) 520 (39.4) 235 (45.5) 285 (35.5) <.001
Weight, kg 71.5 (62-81.9) 71.5 (62-82.3) 71 (62-81.6) .54
BMI, kg/m2 29 (25.8-32.7) 28.6 (25.5-32.6) 29 (25.9-32.6) .51
Current smoker, n (%) 273 (21) 103 (20) 170 (21.2) .59
Sedentary lifestyle, n (%) 1100 (83.7) 445 (86.2) 655 (81.8) .03
Age at DM diagnosis, years 44 (36-51) 43 (35-50) 44 (36-51) .04
Early diagnosis diabetesa, n (%) 466 (35.3) 189 (36.6) 277 (34.5) .43
Diabetes duration, years 10 (4-16) 14 (7-20) 8.5 (3-14) <.001
Comorbidities
  Visceral obesity, n (%) 1062 (80.8) 403 (78.3) 659 (82.4) .06
  Hypertension, n (%) 640 (48.5) 314 (60.9) 326 (40.6) <.001
  Hypertriglyceridemia, n (%) 819 (62.5) 312 (60.5) 507 (63.1) .31
Complications
  Ischemic cardiopathy, n (%) 35 (2.7) 21 (4.1) 14 (1.7) .010
  Peripheral neuropathy, n (%) 694 (52.6) 307 (59.5) 387 (48.2) <.001
  Diabetic retinopathy, n (%) 442 (34.5) 248 (48.9) 194 (25) <.001
Biochemical
  Creatinine 0.79 (0.64-0.95) 0.9 (0.70-1.18) 0.74 (0.60-0.87) .001
  eGFR, mL/min/1.73 m2 94.3 (77.9-105) 83 (54.8-100.1) 97 (84.5-107) <.001
  Glucose, mg/dl 188.5 (134-264.8) 195 (132-264) 186 (137-264) .01
  HbA1c, % 9.5 (7.9-11.2) 9.7 (8.2-11.3) 9.4 (7.8-11.2) .62
  HbA1c, mmol/mol 80 (63-99) 83 (66-100) 79 (62-99) .62
  Triglycerides, mg/dl 174 (124-258) 181 (124-275) 171(124-248) .48
  LDL-Cholesterol, mg/dL 87.9 (68-109) 88 (68-109.5) 87 (68.8-109.5) .66
Medications, n (%)
  Insulin 793 (60.3) 351 (68.4) 442 (55) <.0001
  Metformin 1082 (82.2) 406 (79.1) 676 (84.2) .020
  Sulfonylureas 205 (15.6) 67 (13) 138 (17.1) .055
  SGLT2-I 16 (7) 6 (8) 10 (6.5) .68
  DPP4-I 170 (13) 71 (14) 99 (12.3) .38
  Thiazides diuretics 79 (6) 39 (7.6) 40 (5) .052
  Loop diuretics 18 (1.4) 12 (2.3) 6 (0.7) .015
  ACE inhibitors 202 (15.3) 96 (18.7) 106 (13.2) .007
  ARB 290 (22.1) 145 (28.3) 145 (18.1) <.0001
  Beta-blockers 65 (5) 35 (6.9) 30 (3.8) .012
  Calcium-antagonists 82 (6.2) 54 (10.5) 28 (3.5) <.0001
  Statins 210 (16) 78 (15.2) 132 (16.4) .51
Control of risk factors
  BP ≥ 140/90 mmHg, n (%) 411 (31.3) 219 (42.8) 192 (23.8) .001
  HbA1c ≥ 8%, n (%) 969 (73.5) 390 (76.2) 579 (71.7) .076
  LDL-C <100 mg/dL, n (%) 563 (45.2) 221 (45.1) 342 (45.3) .95

Abbreviations: ARB, Angiotensin receptor blockers; BMI, Body mass index; BP, Blood pressure, LDL, low-density lipoprotein.; DPP4-I: Dipeptidyl 
peptidase-4 inhibitors; eGFR, Glomerular filtration rate; Hb1Ac, Glycated hemoglobin; SGLT2-I, Sodium-glucose cotransporter-2 inhibitors.
Data are presented as median (25th-75th percentiles) or n (%).
aDiagnosis of diabetes before 40 years old.
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prevalence obtained in this study relatively high, given that 
the study participants were younger.

Our findings suggest that CKD may be occurring pre-
maturely in our population, as evidenced by the high prev-
alence rates among individuals aged 6 to 10 years and over 
10 years of diabetes duration, compared to data from the 
UKPDS study indicating CKD development in 29% to 
38% of patients with T2D after a median follow-up period 
of 15 years.26

Per our findings, the eGFR evaluation identified only 3 
of the 10 cases of CKD, which underscores the importance 
of albuminuria measurements in clinical practice. 

Unfortunately, albuminuria measurement is often unavail-
able in the public primary healthcare system of many coun-
tries, including Mexico.14 The dipstick test for urinary 
protein, which is the most frequently used test in LMICs 
due to its accessibility, correlates poorly with higher-sensi-
tivity tests, particularly in microalbuminuria-range con-
centrations.27 Despite albuminuria being a clinically 
relevant tool for determining the prognoses of renal and 
cardiovascular conditions and monitoring therapeutic 
response, it remains underutilized even in high-income 
countries.12,28 Screening for CKD is recommended yearly 
after T2D diagnosis.10,21 In this work, we demonstrate how 
the underutilization of albuminuria testing hampers the 
diagnosis and treatment of the majority of CKD cases (par-
ticularly those in the initial stages), which represents a 
missed opportunity for risk mitigation.

Our study also highlighted the disproportionately high 
prevalence of CKD among young and middle-aged adults 
with EOD. Compared with those diagnosed later in life, an 
earlier-onset diagnosis is associated with a higher risk of 
diabetes-related complications and earlier death in affected 
individuals, most of them middle-aged adults, magnifying 
the diabetes disease burden.22,29 Recently, in a prospective 
cohort study, it was reported that the risk of CKD-associated 
with the duration of diabetes is higher when diabetes is 
diagnosed at a younger age.30 Some world regions and eth-
nic groups may be facing a particularly increased incidence 
of diabetes-related complications derived from the early-
onset of the disease. Mexico has one of the highest rates of 
diabetes diagnosis in the 20- to 39-year age range, which 
may contribute to explaining one of the highest burdens of 
the disease worldwide, including the CKD burden.22,31-33 
Thus, this work adds key inputs to guide decision-making 
and focus efforts on the timely diagnosis and management 
of the condition in this high-risk population.

It is essential to understand differences in risk factor 
profiles and specific features of diabetes across popula-
tions to design effective strategies to identify and control 
the risk factors for diabetes. In this regard, our study iden-
tifies clinical characteristics associated with early CKD 
stages easily identifiable by healthcare providers in rou-
tine practice, increasing diagnosis awareness and facili-
tating early interventions. Some of these characteristics 
have been reported to be associated with end-stage 
CKD.34 In this study, we identified significant risk factors 
in the early stages of CKD, including hypertension, dia-
betic retinopathy, the male sex, and longer diabetes dura-
tions. Although this study does not establish causality, the 
association of metformin with a lower risk of CKD aligns 
with previous reports, suggesting its potential benefits in 
mild-to-moderate CKD stages.35

To mitigate the burden of diabetes-related kidney dis-
ease, public policies must be implemented to reduce the 
incidence of new diabetes cases, especially in 

Figure 2.  Prevalence of albuminuria, reduced glomerular 
filtration rate, and chronic kidney disease according to diabetes 
duration intervals.
*P < .0001.

Figure 3.  Prevalence of CKD according to age intervals in 
participants with early-onset diabetes (EOD) and later-onset 
diabetes (LOD).
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early adulthood. Additionally, there are also essential 
opportunities for people already diagnosed with diabetes. 
Disease management with the attainment of diabetes care 
goals (control of glycemia, blood pressure, and lipid lev-
els) can be reached within comprehensive care schemes, 
reducing the risk of CKD onset or progression.11,18,36 
Furthermore, the timely identification of kidney damage or 
dysfunction is critical for identifying high-risk patients for 
a diversity of diabetes-related complications and offering 
therapeutic interventions to modify the disease’s aggres-
sive behavior that is characteristic of this population.21 The 
identification and treatment of most patients in the early 
stages of diabetes-related CKD must occur in primary care 
settings since most patients are being managed in such set-
tings. Therefore, our work helps to appreciate the magni-
tude of a hidden healthcare need and proposes the 
recognition of specific risk groups precisely in primary 
care settings. Compliance with the screening and diagnosis 
of CKD recommendations must be guaranteed, for which 
the care schemes and pathways must include renal assess-
ment and the prompt referral of individuals who require 
specialized care.

The strengths of our study include the prospective col-
lection of clinical data using standardized methods, data 

quality enhancement, and the inclusion of participants 
from a large number of primary healthcare centers, mak-
ing our findings reasonably representative of the T2D 
population in primary care settings in Mexico and the 
Latin America region. Nevertheless, the study also had a 
few limitations. First, our findings were based on the 
observational, cross-sectional nature of the analyses, 
which means causal inferences cannot be established. 
Second, the generalizability of our findings to other popu-
lations is uncertain and warrants further studies. 
Nevertheless, this cohort sample fairly represents the 
T2D population in primary care settings in Mexico and 
Latin America, with potential similarities to other popula-
tions. Third, interactions effects analysis was not per-
formed as it was beyond the scope of the current study.

In conclusion, diabetes-related CKD is frequent (39.3%) in 
this contemporary primary care prevalence study, with reti-
nopathy, hypertension, diabetes duration, the male sex, and 
age being the major risk factors. Our results contribute to the 
identification and characterization of people who are most 
predisposed to this condition. This work also reveals that a 
relevant proportion of patients with T2D in primary care are 
highly predisposed to CKD; however, healthcare providers 
and healthcare systems have not identified this risk.

Figure 4.  Associated factors to chronic kidney disease and their components by binominal logistic regression in the study population.
ARB: angiotensin-receptor blocker.
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