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Abstract 
Background: Nephropathy is one of the most common microvascular impediments of diabetes mellitus. In this study, we 
aimed to estimate the prevalence of nephropathy in diabetic patients across the North American region.

Methods: Eligible studies were screened out from 3 electronic databases, for example, PubMed, Google Scholar, and 
ScienceDirect using specific search keywords based on the eligibility criteria. Extracting the data from the included studies 
publication bias, quality assessment, outlier investigation, and meta-analysis was done followed by the subgroup analysis. A total 
of 11 studies met the study inclusion criteria. Meta-analysis was performed with the extracted data.

Results: Pooled prevalence of 28.2% (95% confidence interval [CI]: 19.7–36.7) with a high rate of heterogeneity (I2 = 100%) was 
identified. The pooled prevalence of nephropathy among diabetic patients in the United States of America, Canada, and Mexico 
was 24.2% (95% CI: 13.8–34.5), 31.2% (95% CI: 25.8–36.5), and 31.1% (95% CI: 20.8–41.5), respectively.

Conclusion: The prevalence of nephropathy among diabetic patients was found lower in the United States of America as 
compared to Canada and Mexico. Besides, the pooled prevalence of the North American region was found to be lower as 
compared to the African, European, and Asian regions. Minimizing the pathogenic factors, sufficient diagnostic, healthcare 
facilities, and awareness are recommended to improve the situation.

Abbreviations: CI = confidence interval, CKD = chronic kidney disease, DM = diabetes mellitus, ESRD = end-stage renal 
disease, USA = United States of America.
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1. Introduction
Diabetes mellitus (DM), commonly known as diabetes refers to 
a group of chronic systemic noncommunicable diseases char-
acterized by abnormally high blood glucose levels termed as 
hyperglycemia caused due to the resistance and lack of insulin 

production, or uncontrolled glucagon secretion.[1–3] Being one 
of the top 10 causes of global mortality, diabetes has turned into 
a global epidemic and a massive threat to public health with 
an estimated number of 451 million adult patients worldwide 
in 2017 which may rise to 693 million by 2045 if no worth-
while preventive actions are taken immediately.[4,5] According 
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to National Diabetes Statistics Report, 2022, more than 37 
million United States adults are currently living with diabetes 
and 1 in every 5 of them are unaware of having it.[6] Diabetes 
is the eighth leading cause of mortality and the leading cause 
of end-stage renal disease (ESRD) and renal failure, lower- 
limb amputations, and adult blindness in the United States of 
America (USA).[7]

Type 1 and type 2 are the 2 most common types of DM 
although some other categories including maturity-onset dia-
betes of the young, gestational diabetes mellitus, neonatal 
diabetes, and secondary diabetes resulting from endocrine 
disease or hereditary diseases or medications such as corti-
costeroids, thiazide diuretics, beta-blockers, antipsychotics, 
statins, etc.[8–10] Type 1 DM, also known as juvenile diabetes 
or insulin-dependent diabetes mellitus is caused due to insulin 
deficiency resulting from the death of pancreatic beta-cells and 
type 2 DM or non-insulin-dependent diabetes mellitus, which 
is far more prevalent, is largely the result of gradually poor 
glucose regulation caused by a combination of malfunctioning 
pancreatic beta cells and insulin resistance.[11,12] Type 1 DM is 
expected to afflict children and adolescents, but type 2 DM is 
thought to affect middle-aged and older individuals who have 
chronic hyperglycemia as a result of poor lifestyle and nutri-
tional factors.[13,14] Persistent hyperglycemia due to type 1 and 
type 2 DM affects the vascular system and induces diabetic 
vascular complications including microvascular complications 
such as diabetic nephropathy, neuropathy, and retinopathy as 
well as macrovascular complications such as ischemic heart 
disease, coronary artery disease, peripheral vascular disease, 
and cerebrovascular disease leading to organ damage and fail-
ure in approximately one third to one-half of people living 
with diabetes.[15–17]

Nephropathy is a serious consequence of DM that has a sub-
stantial impact on communities worldwide.[18] It is a disorder 
characterized by chronic albuminuria, decline in glomerular 
filtration rate, and elevated arterial blood pressure leading to 
progressive decline of kidney function and increased cardiovas-
cular morbidity and mortality among 20% to 40% of people 
with type 1 and type 2 DM.[19–21] The occurrence of nephropathy 
has increased along with the prevalence of diabetes.[22] The asso-
ciation between hemodynamic and metabolic pathways, that 
are commonly disrupted in the setting of diabetes, are likely to 
have a role in the initiation and progression of nephropathy.[23] 
Nephropathy is a significant microvascular consequence of dia-
betes along with a high prevalence, mortality, and treatment 
expense, yet it is poorly understood and treated. The primary 
cause of the problem is a lack of early detection and effective 
treatment therapy and strategy.[24] Also, the pathophysiologi-
cal development of nephropathy is significantly influenced by 
poor glycemic management, hyperlipidemia, smoking, oxidative 
stress, accumulation of advanced glycation end products, and 
environmental, genetic, and epigenetic variables.[25] Effective 
measures to reduce the risks of nephropathy or to slow down 
the progression include proper monitoring and control of blood 
glucose levels and hypertension either by doing physical exercise 
and maintaining a healthy diet and lifestyle or by taking blood 

glucose-lowering agents for glycemic control and antihyperten-
sive drugs.[26]

Nephropathy among diabetic patients is the leading cause 
of dialysis in many nations, including, Western regions, Asians, 
and Caucasians.[17] Diabetic complications, particularly renal 
disease, significantly raise the chance of severe illness and death 
among diabetic patients. The number of cases of nephropathy 
in diabetic patients continues to rise significantly along with 
its associated mortality and cardiovascular consequences.[27] 
Diabetes-associated nephropathy, the primary cause of chronic 
kidney disease has been found to be increased in overall Europe 
and countries of the other continents such as Japan and Nigeria 
as well.[28,29] Nephropathy-associated end-stage renal failure 
poses a significant health problem for the people living with dia-
betes besides their families and healthcare systems in both high 
and middle-income nations due to the uprising prevalence of 
diabetes worldwide.[23]

The epidemiology of nephropathy among diabetic patients 
has not yet been well examined, and its variance has not yet 
been described, limiting our capacity to recognize its severity 
and characteristics. To properly understand the disease burden 
and establish further research ambitions, it is essential to first 
study the prevalence of nephropathy in diabetic patients. This 
systematic review and meta-analysis targeted to investigate the 
pooled and individual prevalence of nephropathy among dia-
betic patients within 3 major North American countries, that is, 
the USA, Canada, and Mexico.

2. Materials and methods

2.1. Study guideline, screening and inclusion criteria

This systematic review and meta-analysis were targeted to deter-
mine the prevalence of nephropathy among diabetes patients 
residing in the North American region. We maintained the 
PRISMA guideline for this study.[30–32] Only the original articles 
that are published in peer-reviewed journals and completely rel-
evant to the prevalence, frequency, or incidence of nephropa-
thy among diabetes patients in North American countries were 
decided to be selected for inclusion. Comprehensive/narrative 
review, systematic review, mini-reviews, meta-analyses, book 
chapters, editorials, correspondence, short communications, 
press releases, blogs, news, conference info, website data, or any 
content other than the peer-reviewed original articles regarding 
the study topic were decided to be screened out as ineligible 
contents. Only the English-language-written articles were con-
sidered eligible and thus included in this systematic review and 
meta-analysis.

2.2. Literature search strategy

As the sole purpose of this systematic review and meta- 
analysis is to find out the pooled prevalence of nephropathy 
among North American diabetes patients, relevant search key-
words, for example, “prevalence,” “frequency,” “diabetes,” 
“nephropathy,” “kidney” were searched along with selected 
study types, for example, “case–control,” “cohort,” “cross- 
sectional” and names of the North American countries, for exam-
ple, “USA’, “Canada” and “Mexico” in 3 electronic databases, 
Google Scholar, ScienceDirect, and PubMed. The keywords 
were adjusted by using appropriate Boolean operators during 
searches in the databases. Studies were searched in advanced 
search options by applying “Title and abstract” as well as “Title, 
abstract or author-specified keywords” filters in PubMed and 
ScienceDirect respectively whereas the term “allintitle” was used 
prior to the search keywords during searches in Google Scholar. 
Year restriction was not applied during searches in any database. 
Duplicate content generated due to searches in different data-
bases was checked and managed using EndNote software.

Key points

	•	 The overall pooled prevalence of nephropathy among 
diabetes patients in the United States of America, 
Canada, and Mexico is 28.2%, with higher rates 
in Canada and Mexico than in the United States of 
America.

	•	 To lower the prevalence of nephropathy, public aware-
ness, proper management practices, and advanced 
healthcare facilities are necessary.
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2.3. Study selection and quality assessment

Pooled search contents were screened thoroughly by title, 
abstract, and full-text evaluation to find out the eligible stud-
ies based on the inclusion criteria. To ensure and justify the 
quality of the included studies, among the studies we searched 
the answers to a set of different questions selected from the 
Study Quality Assessment Tools, National Institutes of Health, 
and Systematic Reviews: Step 6: Assess Quality of Included 
Studies, University of North Carolina.[33,34] For this systematic 
review and meta-analysis, 10 different questions were selected 
which could be answered in Yes, No, Unclear, Not Reported, 
or Not Applicable. Later, these answers were converted into 
numerical scores, that is, 1 for the answer Yes, 0 for No and 
Unclear answers, and no score for Not Reported and Not 
Applicable, and then the scores were summed up to obtain 
the overall score for an individual study. The overall score 
thus obtained was divided by the number of questions applied 
for that particular study and then converted into a percent-
age value which determines the quality as well as the validity 
of that included study. Studies are classified as high-scoring, 
moderate-scoring, and low-scoring if the obtained overall 
score is ≥80%, 60% to 70% and ≤50%, respectively follow-
ing the previous study.[35]

2.4. Data extraction and analysis

Major characteristics dataset included information about the 
included studies, for example, study ID, study location and 
study type, demographics of the participants, for example, num-
ber of total participants, percentages of male and female par-
ticipants, participants’ average age as well as body mass index, 
and different methods used for diabetes and nephropathy mea-
surement after extracting the data from each of the included 
studies respectively. The study ID consisted of the last name of 
the primary author and the publication year of any respective 
study. In case of unresolved discrepancy or lack of clarification, 
the corresponding author of that study was contacted for clari-
fication and additional data. Data were collected solely from the 
included peer-reviewed published articles without the involve-
ment of patients, healthcare institutions, or third parties in any 
aspect.

RStudio software (version 4.3.0) and the “metafor” pack-
age (version 4.2-0) of R software was used by the authors to 
perform meta-analysis. Pooled prevalence was analyzed using 
a random-effects model with 95% confidence intervals (CIs) 
method and heterogeneity of the included studies was deter-
mined by using I2 statistics. Values of I2 represented the levels 
of heterogeneity, for example, values ranging from 25% to 50% 
indicated a low degree of heterogeneity, 51% to 75% indicated 
moderate heterogeneity, and more than 75% indicated a high 
degree of heterogeneity.

2.5. Publication bias and sensitivity analysis

Potential sources of publication bias were determined by 
assessing the quality of the included studies. High-scoring 
studies have a low risk of bias whereas the low-scoring stud-
ies are more prone to publication bias and subsequent asym-
metry. Besides quality assessment, a funnel plot, a Galbraith 
plot and a radial plot were constructed by the authors using 
RStudio software (version 4.3.0) and the “metafor” package 
(version 4.2-0) of R to facilitate visual identification and con-
firmation of the studies with plausible publication bias as out-
liers. The impact of the heterogeneity of each outlier study on 
the overall effect size was assessed by conducting a sensitivity 
analysis. This analysis was performed following our previous 
study by excluding the plausible outlier study and replicating 
the analysis using both the random and fixed-effects model 
respectively.[36,37]

3. Results

3.1. Search outcomes and inclusion of studies

Initially, a total of 229 search contents were found from the 3 
electronic databases (Google Scholar: 45, ScienceDirect: 71, and 
PubMed: 113) based on the combinations of search keywords, 
different filters, and search strategies applied in the database 
searching. Two hundred one studies were directly excluded as 
ineligible since they did not match the eligibility criteria of this 
study. The remaining 28 full-length peer-reviewed studies pro-
ceeded to the eligibility assessment step. After excluding 2 stud-
ies due to duplication, 26 studies were carefully evaluated to 
screen out the eligible studies. After rigorous evaluation and val-
idation, 15 studies were eliminated due to not fulfilling the inclu-
sion criteria stated in 2.1 leaving 11 studies that were decided to 
be included in this study by the authors (Fig. 1). Initial database 
searching, study screening, eligibility assessment, study evalua-
tion, and final inclusion—each step was carefully performed and 
validated by the authors according to the procedure described 
in section 2.3.

3.2. Quality appraisement

To assess the quality of the selected studies, each study was asked 
a set of 10 different questions and scored accordingly (Table 1). 
Among the 11 included studies, 10 scored ≥80% and passed as 
high-quality studies whereas Bello-Chavolla 2017 scored 70% 
and identified as moderate quality study.[38] Zenteno-Castillo 
2015 and Bai 2007 had the maximum and minimum scores of 
100% and 80% whereas the other 8 high-quality studies equally 
scored 90%[39,40] (Table 1).

3.3. Study characteristics

Among the 11 studies that were identified as eligible for this 
study, 5 were from USA[41–45] and 3 from both Canada[40,46,47] 
and Mexico.[38,39,48] The included studies were mainly of 2 types: 
cohort (4 studies) and cross-sectional (7 studies). The total 
number of participants, and their demographics including the 
numbers of male and female, age as well as body mass index 
of the participants was investigated. Besides, the diabetes and 
nephropathy measurement tools that were used by the studies 
were mentioned in detail in Table 2.

3.4. Outcomes of meta-analysis

A total of 1411,706 diabetes patients from 11 studies were 
found in this study among whom 225,921 patients reported 
nephropathy. Five studies were conducted in the USA which 
comprised the largest study population of 1,144,762 (about 
81.1% of the total population) whereas the 3 studies conducted 
in Mexico included the least number of study population of 
546 diabetes patients (about 0.038% of the total study pop-
ulation). The remaining 3 studies which were conducted in 
Canada included 266,398 diabetes patients which comprised 
about 18.87% of the total study population. The overall 
pooled prevalence of nephropathy among diabetes patients is 
28.2% with 95% CI of 19.7 to 36.7. The highest prevalence of 
63.1% (95% CI: 60.6–65.6) was reported in Yu 2015 whereas 
both Fried 2023 and Sauder 2019 reported the lowest prev-
alence of <4.0% with 95% CI of 3.6 to 3.7 and 2.9 to 5.0, 
respectively. Hundred percent heterogeneity was found among 
the included studies in I2 statistics with a 95% CI of 2.9 to 65.6 
and a P-value of zero. Subgroup analysis in this study com-
prised the individual pooled prevalence of nephropathy among 
diabetes patients in the USA, Canada, and Mexico. The high-
est pooled prevalence of approximately 31.1% was reported in 
both Canada and Mexico with a 95% CI of 25.8 to 36.5 and 
20.8 to 41.5, respectively, whereas the lowest pooled prevalence 
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of 24.2 was found in the USA with a 95% CI of 13.8 to 34.5. 
I2 statistics revealed a high degree of heterogeneity among the 
studies conducted in all 3 countries ranging from 100% (P = 0) 

among the USA studies to 83% (P ˂ .01) among the Mexican 
studies whereas the Canadian studies reported 98% (P ˂ .01) 
heterogeneity (Figs. 2, 3, and 4).

Figure 1.  PRISMA flow diagram. PRISMA = the preferred reporting items for systematic reviews and meta-analyses.

Table 1

Quality assessment of the included studies.

Study ID 1 2 3 4 5 6 7 8 9 10

Overall
score
(%)

Tonelli 2019 Y Y Y Y Y Y Y Y U Y 90%
Yu 2015 Y Y Y Y Y Y Y Y U Y 90%
Huang 2014 Y Y Y Y Y Y Y Y U Y 90%
Bae 2022 Y Y Y Y Y Y Y Y U Y 90%
Sauder 2019 Y Y Y U Y Y Y Y Y Y 90%
Fried 2023 Y Y Y Y Y Y Y Y U Y 90%
Bello-Chavolla 2017 Y Y Y U Y Y Y N N Y 70%
García-Tejeda 2018 Y Y Y Y Y Y Y U Y Y 90%
Nouraei 2021 Y Y Y Y Y Y Y Y U Y 90%
Zenteno-Castillo 2015 Y Y Y Y Y Y Y Y Y Y 100%
Bai 2017 Y Y Y U Y Y Y Y U Y 80%

Here, 1. Was the research question appropriate? 2. Is the target/study population clearly defined? 3. Were any inclusion and/or exclusion criteria mentioned? 4. Was any time frame mentioned? 5. Is the 
response rate ≥ 70%? 6. Is the sample representative of the target population? 7. Were data collection methods standardized? 8. Were valid criteria used to assess diabetes? (that is, any of the following- 
diagnostic tools/kit/survey, etc) 9. Was the nephropathy measuring kit/tool validated? 10. Did the authors use statistical analyses? Y = Yes, N = No, U = Unclear.
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3.5. Study biasness and sensitivity identification

The funnel plot was constructed to find out the possible sources 
of heterogeneity and publication bias detected the presence 
of outliers (Fig. 5). For definitive identification of outliers, a 
Galbraith plot was constructed which detected Sauder 2019 
and Fried 2023 as outliers (Fig. 6). To assess the impacts of 
the outliers on the overall sample size, first, the outliers were 
excluded from the analysis and a forest plot was constructed in 
the random effects model which showed an overall pooled prev-
alence of 0.34% (95% CI: 0.27; 0.40) although the I2 statistics 
showed indifferent heterogeneity (100%) (Fig. 7). Then a forest 
plot was reconstructed in the fixed effects model without the 2 
outliers which showed an overall pooled prevalence of 0.23% 
(95% CI: 0.23; 0.23) although the heterogeneity level remained 
unchanged (Fig. 8).

4. Discussion
Nephropathy, being one of the most serious and life- 
threatening microvascular complications of DM accounts 
for 31.1% increase in mortality risk among the people living  
with diabetes.[49] Approximately, 1 in every 3 people living with 
DM are suffering from chronic kidney disease (CKD) with 
an estimated 2 million deaths worldwide in 2019.[50,51] The 
International Diabetes Federation says diabetes is one of the 
leading causes of CKD and together with hypertension causes 

80% of ESRD cases worldwide. Around 40% of people living 
with DM develop kidney diseases in their lifetime.[52] Generally, 
enhanced excretion of urinary albumin, increased levels of glu-
cose, dyslipidemia, glomerular hyperfiltration, obesity, smoking, 
age, oxidative stress, inflammation, and genetics are regarded as 
the risk factors of diabetic nephropathy.[53] Due to the increased 
morbidity and mortality of the population having CKD besides 
diabetes healthcare costs enhanced significantly. For instance, 
in the United States, overall medical costs were reported to be 
50% higher for people having both diabetes and CKD as com-
pared to those who only have diabetes without CKD. Moreover, 
complications such as kidney failure, dialysis, and kidney trans-
plants make the situation even worse.[54] Increased morbidity, 
mortality, and associated increase in healthcare expenditure 
along with enormous humanistic, societal, and economic crises 
in the North American region indicate the significance of proper 
estimation and understanding of the prevalence of nephropathy 
leading to ESRD and kidney failure among the people living 
with diabetes.

The current study, as per our concern, is the first meta- 
analysis to assess the pooled prevalence of nephropathy in 
patients with DM in the North American region, and interest-
ingly, we observed a variation while comparing our analysis 
with the previous reports of the other countries and continents.

Significantly higher prevalences of nephropathy within 
diabetic patients were reported previously across different 
regions of Africa. For instance, Wagnew et al reported a pooled 

Table 2

Characteristics of the included studies.

Study ID Location Study type
Male 
(%)

Female 
(%)

Total
participants

Age
(mean/

mean ± SD) BMI

Types of diabetes 
in the study 
participants

Diabetes
measurement 

method

Nephropathy 
measurement 

method References

Tonelli
2019

Canada Cross- 
Sectional

53.6% 44.4% 260,903 64 ≥35 kg/m2 Type 2 HbA1c eGFR [46]

Yu
2015

USA Cohort 48% 52% 1464 61.45 ± 13 NR Type 1, Type 2 Self-reported or 
medication 
observation

Serum creat-
inine level, 
eGFR

[41]

Huang
2014

USA Cross- 
sectional

47.5% 52.5% 356 69 ± 8 NR Type 2 NR Serum creati-
nine level,

eGFR

[42]

Bae
2022

USA Cohort study 55.67% 44.33% 580,741 64 NR Type 2 HbA1c NR [43]

Sauder
2019

USA Cohort study NR NR 1327 18 NR Type 1 Self-reported or 
medication 
observation

NR [44]

Fried
2023

USA Cohort 46.4% 53.6% 560,874 72 NR Type 2 HbA1c eGFR
UACR

[45]

Bello-
Chavolla
2017

Mexico Cross- 
sectional

45.9% 54.1% 135 77.7 ± 5.8 26.3 ± 4.4 Type 2 Self-reported or 
medication 
observation

NR [38]

Garcia-
Tejeda
2018

Mexico Cross- 
sectional

32% 68% 76 60.67 28.71 Type 2 NR Measurement 
of albumin 
excretion.

Creatinine level

[48]

Nouraei 
2021

Canada Cross - 
sectional

46.5% 53.5% 5172 71 30.5 ± 6.8 Type 2 Random plasma 
glucose

Fasting plasma 
glucose

HbA1c

eGFR [47]

Zenteno-
Castillo
2015

Mexico Cross- 
sectional

NR NR 335 62 NR Type 2 Serum Glucose 
Level

HbA1c

Creatinine 
Level,

eGFR

[39]

Bai
2017

Canada Cross-sectional 
cohort study

43.8% 56.2% 323 65.5 ± 8.5 NR Type 1 HbA1c Creatinine 
Level,

eGFR

[40]

BMI = body mass index, NR = not reported, USA = United States of America.
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prevalence of 40.4% (95% CI: 24.1–56.7) and 40.2% (95% 
CI: 33.3–47.21) of nephropathy among diabetic patients in 
Southern and Western Africa whereas the Eastern and Central 
Africa showed a comparatively lower prevalence rate of 29.7% 
(95% CI: 14.3–45.1) and 35.3% (95% CI: 27.46–43.14), 
respectively. Diabetes-associated nephropathy was reported 
to be more prevalent among type 2 diabetes patients in these 
regions with a pooled prevalence of 41.39% (95% CI: 32.2–
50.58%) compared to type 1 diabetes with 29.3% (95% CI: 
20.3–38.25) of pooled prevalence. A significant increase in 
the frequency of nephropathy was reported among diabetic 
patients with hypertension in this meta-analysis.[55] However, in 
a systematic review, El Hafeez et al reported the highest pooled 

prevalence of nephropathy among diabetic patients in Eastern 
Africa ranging from 18% to 84% with a pooled prevalence of 
46.9%. Nevertheless, Central, West, South, and North Africa 
showed the pooled prevalence to be 40.8%, 27.7%, 23.0%, 
and 18.9%, respectively.[56] Wide varieties of factors including 
delayed diagnosis, paucity of diagnostic facilities and screen-
ing, variations in the definitions of CKD and diagnostic meth-
ods, inadequate treatment facilities at an early stage along 
with poor lifestyle and blood sugar control might be respon-
sible for this alarmingly higher prevalence of nephropathy in 
diabetic patients and variations of findings among different 
studies conducted across Africa as compared to the developed 
countries.[29,57,58]

Figure 2.  Geographical presentation of the prevalence of nephropathy among diabetes patients in the North American region.

Figure 3.  Forest plot of the pooled prevalence of nephropathy among diabetes patients.
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Higher prevalence of nephropathy along with considerable 
variations in the findings of different studies were also found 
across different regions and countries of Europe. Substantial dif-
ferences in the prevalence of CKD stage 1 to 5 among diabetic 
patients across the European general population were reported 
in a study by Brück et al Across the 6 different European coun-
tries included in this study, the minimum and maximum prev-
alence rates were reported in the Netherlands (15.4%) and 
Germany (41.5%) respectively, whereas 23.9%, 24.6%, 27.0%, 
and 28.4% prevalence were reported in Spain, Ireland, Italy, and 
Norway respectively.[59] However, a study conducted by Griffin 
et al in Northern Europe reported an overall DKD prevalence 
of 42.0% with 23.4% and 47.9% between patients with type 
1 and 2 diabetes, respectively.[60] Three different studies inves-
tigated the prevalence of kidney diseases in type 2 diabetic 

patients in England, Spain, and France reported 30%, 35%, and 
40% pooled prevalence rates, respectively.[61–63]

Seemingly identical variations in the prevalence of diabetes- 
associated nephropathy across different Asian regions and 
countries were reported in different meta-analysis and sep-
arate prevalence studies. For example, a study conducted 
among type 2 diabetic patients in a total of 103 centers in 
10 Asian countries or regions found the pooled prevalence 
of microalbuminuria and macroalbuminuria of 39.8% (95% 
CI: 39.2–40.5) and 18.8% (95% CI: 18.2–19.3), respectively. 
The highest prevalence of microalbuminuria was observed in 
Korea (56.5%) and the lowest in Pakistan (24.2%).[64] A meta- 
analysis of observational studies of type 2 diabetes patients 
in China reported an estimated pooled prevalence of 21.8% 
(95% CI: 18.5–25.4) with the highest prevalence of 41.3% in 

Figure 4.  Forest plot of the prevalence of nephropathy among diabetes patients in (A) Canada, (B) USA, and (C) Mexico. USA = United States of America.
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the western part followed by the eastern province with 22.3% 
and northeastern province with 20.7%.[65] In an Indian study 
conducted in an urban south Indian population, 26.1% overall 
pooled prevalence of diabetic nephropathy along with signifi-
cant association between age, diabetes duration and glycated 
hemoglobin were reported.[66]

The decrease in the pooled prevalence of nephropathy in the 
USA (24.2%) among diabetic patients as compared to Canada 
(31.2%) and Mexico (31.1%) perhaps resulted from the increas-
ing trends in controlling the modifiable factors of diabetes such 
as blood glucose level, lipid level, and hypertension along with 
increased practices of aerobic exercise, resistance training, and 

Figure 5.  Funnel plot assessing publication bias.

Figure 6.  Galbraith plot indicating outlier studies.
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preventive practices among the diabetic population of USA over 
the last 2 decades.[67,68] An increase in the uptake of antidiabetic 
and antihypertensive medications among diabetic patients in 
the USA might also play a crucial role in controlling diabetes 
and the subsequent progression of nephropathy.[69,70] Besides, 
the improvements in diabetes screening and diagnosis, increased 
attitudes to receiving diabetes self-management education as 
well as different campaigns and training programs of centers 
for disease control and prevention, for example, the National 
Diabetes Prevention Program, Diabetes Self-Management 
Education and Training program, etc also plausibly contributed 
to minimizing in the prevalence of diabetes along with the risk 
of diabetes associated nephropathy in the USA.[71–73]

On the other hand, a variety of reasons e.g., poor attitudes 
and practices towards glycemic control, poor dietary habits, 
inadequate physical activity, obesity etc among the general 
population might be responsible for the higher prevalence of 
nephropathy among diabetic patients in Canada.[74,75] Failure 
to achieve the glycemic target, high morbidity load among 
diabetic patients, insufficient early treatment measures, poor 
knowledge, and performance of physicians in glycemic con-
trol and microvascular complication screening and provid-
ing vascular protection to the patients might also lead to 
higher prevalence of diabetes as well as the microvascular 

complication including nephropathy among the Canadian 
populations.[75–77]

Similarly higher prevalence of nephropathy among diabetic 
patients in Mexico was found in our current meta-analysis 
which might have resulted from the increasing childhood and 
adult obesity and metabolic syndrome, inadequate diabetic pre-
vention and control practices, lack of public awareness as well 
as suboptimal glycemic control, and outpatient care in health-
care centers and inadequate screening and diagnostic facilitates 
of diabetes among the Mexican population.[78–81]

All the included studies in our study focused on the frequency 
of nephropathy within adult diabetic patients except the study 
by Sauder et al in which young adults and adolescents living 
with diabetes type 1 are included and it was found that the prev-
alence of nephropathy is significantly low (3.8%) in this young 
population than the adult diabetic population included in other 
studies. This finding agrees with the lower prevalence (5.6%) 
reported in the diabetes incidence study conducted in Sweden 
with young adults living with type 1 diabetes.[82] Variations found 
in the overall prevalence of nephropathy in diabetic patients in 
the USA, Canada, and Mexico might also be caused due to sev-
eral other reasons e.g. different study types, wide varieties of 
diabetes and nephropathy measurement methods, differences 
in study years and follow-up times, variations in the definition 

Figure 7.  Forest plot of the prevalence of nephropathy among diabetes patients using random effect model (excluding outlier studies).

Figure 8.  Forest plot of the prevalence of nephropathy among diabetes patients using fixed effect model (excluding outlier studies).
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of diabetes associated nephropathy, associated comorbidities as 
well as the socio-demographics of the participants which were 
also mentioned in 2 systematic review and meta-analysis of dia-
betic kidney disease in conducted in Africa.[56,83]

Development and progression of nephropathy among the 
diabetic population can be prevented or reduced through strict 
control of modifiable and non-modifiable factors that are asso-
ciated with the pathogenesis of the modifiable factors including 
high blood sugar level, hypertension, dyslipidemia, metabolic 
syndrome e.g. obesity, salt intake, poor dietary control, advanced 
glycation end products, smoking, low physical activity, and 
exercise, etc whereas the non-modifiable factors include genetic 
factors, duration of diabetes, advanced age, gender and family 
history of diabetic kidney disease, insulin resistance, hyperten-
sion, and DM.[84,85]

The overall prevalence of nephropathy in diabetes patients 
found in this study is in proximity with the frequency of 
other common microvascular complications of diabetes. For 
instance, the global prevalence of diabetic retinopathy is 
22.27% (95% CI: 19.73–25.03) with a prevalence of 33.30% 
in North American and the Caribbean regions whereas the 
global prevalence of diabetic peripheral neuropathy is 30% 
(95% CI: 25–34).[86,87] A high level of heterogeneity was deter-
mined in the studies which might have been generated from 
the wide variations in the numbers of diabetic patients with 
nephropathy and the total diabetic patients included in the 
studies as well as the variations in study types and diagnostic 
methods.

5. Conclusion
In this study, we found that the overall prevalence of nephropa-
thy among diabetic patients in the USA, Canada, and Mexico is 
lower than most of the regions and countries in Africa, Asia, and 
Europe. The pooled prevalence of diabetic nephropathy is much 
lower in the USA compared to Canada and Mexico. Wide variet-
ies of factors including glycemic control, dyslipidemia, hyperten-
sion management, metabolic syndrome, genetic and demographic 
factors, smoking and alcohol consumption, uptake of antidiabetic 
and antihypertensive drugs, dietary habits, practices of exercise 
along with timely diagnosis, knowledge and performances of the 
physician and healthcare facilities lead to the variations in the 
prevalence of nephropathy among diabetic patients across dif-
ferent counties, regions, and continents. Improvement in public 
awareness regarding diabetes, diabetic nephropathy and associ-
ated risk factors, proper management practices of diabetes and 
hypertension as well as advancement in diagnostic and healthcare 
facilities are recommended to reduce the prevalence of nephropa-
thy among the people living with diabetes.
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