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Abstract 
Type 2 Diabetes Mellitus (DM) is associated with a spectrum of 

chronic complications, notably diabetic kidney disease and peripheral 

artery disease (PAD). The assessment of PAD can be readily 

accomplished via the ankle-brachial index (ABI) measurement. Given 

the rising prevalence of diabetes globally, it is imperative to elucidate 

the interrelation between renal function and PAD. This study used a 

retrospective and cross-sectional study involving 146 Type 2 DM and 

PAD patients. The glomerular filtration rate (GFR) stages were 

analyzed for PAD presence. Variables such as gender, age, and 

smoking status were examined. The Ankle Brachial Index (ABI) was 

used to diagnose PAD. Of the participants, 54.7% were male, and 

84.7% were aged 50 or older. PAD prevalence was 51.3%. A 

significant association was found between GFR stages and PAD (p < 

0.05), with PAD prevalence increasing from 10.6% at Stage 1 to 

80.0% at Stage 5. Males had higher PAD incidence (61.0%) compared 

to females (39.0%). Older participants (≥50 years) exhibited a higher 

PAD prevalence (84.4%). To sum, the study confirms a significant 

association between declining kidney function and increased PAD 

incidence, highlighting the need for targeted interventions and early 

detection strategies to improve patient outcomes. 

Key words: Type 2 Diabetes Mellitus, diabetic kidney disease, 

peripheral artery disease, glomerular filtration rate, Ankle Brachial 
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Introduction 

Type 2 DM is a group of metabolic disorders characterized by hyperglycemia resulting from 

abnormalities in insulin secretion, insulin action, or both, leading to various chronic 

complications in the eyes, kidneys, nerves, and blood vessels (PERKENI, 2019). In 2021, the 

International Diabetes Federation (IDF) estimated that at least 463 million people worldwide 

aged 20-79 years had diabetes (International Diabetes Federation, 2021). With the aging 

population, the prevalence of diabetes is projected to increase to 111.2 million in the 65-79 age 

group. This number is expected to rise to 578 million by 2030 and 700 million by 2045. 

According to IDF projections, Indonesia ranked seventh among the top ten countries with the 

highest number of diabetes cases in 2019, with 10.7 million cases. It is estimated that by 2030, 

diabetes will be the seventh leading cause of death in Indonesia (International Diabetes 

Federation, 2021; Badan Penelitian dan Pengembangan Kesehatan, Kementerian Kesehatan 

Republik Indonesia, 2013). 

According to Riskesdas, the prevalence of diabetes mellitus diagnosed by doctors among the 

population of all ages in Central Java Province is above the national prevalence, with almost all 

provinces experiencing an increase since 2013. In 2020, a health profile survey of South 

Sulawesi Province indicated that the highest increase in diabetes cases was in Makassar city, 

with 18.305 residents affected (Badan Penelitian dan Pengembangan Kesehatan, Kementerian 

Kesehatan Republik Indonesia, 2013). 

Complications arising from DM can involve macrovascular and microvascular blood vessel 

disturbances, such as chronic kidney and PAD. Diabetic kidney disease is characterized by 

albuminuria, a decrease in the GFR, or both, accompanied by diabetes mellitus, which can lead 

to chronic kidney disease (Assem et al., 2021). Diabetic kidney disease is the leading cause of 
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chronic kidney disease, accounting for approximately 44% of new cases. Chronic kidney disease 

is a global health problem with various risk factors. In the United States, out of about 24 million 

people with diabetes mellitus, around 180.000 suffer from chronic kidney disease. In Indonesia, 

among the population aged 18-70 years across four central provinces, the prevalence of chronic 

kidney disease was found to be about 12.5%. Microalbuminuria is often present at the time of 

type 2 DM diagnosis. Diabetic kidney disease, a microvascular complication of type 2 DM, is 

characterized by the presence of microalbuminuria (30mg/day) without kidney impairment, 

along with increased blood pressure, leading to a decrease in glomerular filtration and eventually 

resulting in end-stage renal failure (Criqui & Aboyans, 2015). 

PAD affects 12-14% of the general population. In the United States, about 8.5 million 

individuals aged over 40 years suffer from PAD (American Diabetes Association, 2022). Type 2 

diabetes mellitus doubles the risk of PAD, which increases the mortality and morbidity of 

individuals with type 2 diabetes mellitus. A study conducted in seven Asian countries, including 

Indonesia, found that 17.7% of the type 2 diabetes mellitus population had PAD. The incidence 

of PAD in patients with chronic kidney disease is associated with age, with a 28% increased risk 

for every 10-year increment in age. Both microalbuminuria and PAD increase the risk of 

cardiovascular mortality (Hsieh et al., 2009). This study aims to determine the GFR profile in 

patients with diabetic kidney disease with or without PAD. 

Materials and Methods 

Study design 

This research is a retrospective study employing a cross-sectional design. This study examines 

the characteristics and relationship of GFR stages in patients with diabetic kidney disease, both 

with and without PAD. 
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Study setting and population 

In this study, 150 subjects were initially involved, but 4 were excluded for failing to meet the 

criteria. As a result, the final sample size consisted of 146 individuals who met the specified 

criteria. All participants had Type 2 diabetes mellitus and PAD, were aged between 40 and 60, 

and had no history of heart disease. The study included outpatients and inpatients at Dr. Wahidin 

Sudirohusodo Hospital in Makassar. The sample was selected from this population, and the study 

lasted from January 2024 until the required sample size was obtained. 

Variables 

The study considers three types of variables: independent, dependent, and confounding. The 

independent variables are diabetic kidney disease and PAD. The dependent variable is the GFR, 

while the confounding variables include obesity, dyslipidemia, and hypertension. 

Ankle Brachial Index measurements 

ABI is a non-invasive vascular screening test to detect PAD. The ABI is a non-invasive vascular 

screening test to identify PAD. The ABI is determined by comparing the systolic blood pressure 

measurements at the ankle with those at the brachial artery in the arm, obtained through direct 

measurements of both the patient's arms and legs. The interpretive criteria for ABI values are as 

follows: an ABI value greater than 1.4 suggests suspected arterial calcification, values between 

1.0 and 1.4 are considered normal, values between 0.91 and 0.99 are categorized as borderline, 

and an ABI value of 0.90 or less indicates abnormal findings. ABI boasts high sensitivity, 

specificity, and commendable accuracy in diagnosing PAD, making it the most cost-effective 

tool for detection. 

Sample size 
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The sampling process was executed through consecutive sampling methodology, in which 

individuals who satisfied the predetermined inclusion criteria were sequentially enlisted until the 

necessary sample size was attained. This process was underpinned by a sample size calculation, 

employing the formula proposed by Lemeshow et al. (1997), which ascertained that a minimum 

of 73 participants was required for the study. 

Data analysis 

Data analysis was performed using SPSS version 25. The analysis methods included both 

descriptive and statistical tests. Descriptive analysis was employed to obtain general information 

about the study sample. The statistical methods used included calculating mean values, standard 

deviation (SD), and frequency distribution. The Chi-Square test was used for statistical testing, 

with results considered significant if the p-value was less than 0.05. The findings will be 

presented in narrative form, supplemented with tables and figures. 

Ethical consideration 

The Health Research Ethics Committee at the Faculty of Medicine, Hasanuddin University, 

Makassar, has reviewed and approved all study protocols. Prior to commencement, informed 

consent was obtained by clearly explaining the research background, objectives, and benefits, as 

well as the procedures for biopsy sample collection and examination that the study subjects 

would undergo. 

Results 

Table 1 outlines the initial demographics of the study participants at Dr. Wahidin Sudirohusodo 

Hospital. Of the 150 individuals, 82 (54.7%) were male and 68 (45.3%) were female. Most 

participants were 50 or older, making up 84.7% of the group. The distribution of participants 

with and without PAD was almost equal, with 77 (51.3%) having PAD and 73 (48.7%) not 
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having PAD. Additionally, the participants were spread across different stages of the GFR, with 

the highest number in Stage 1 (31.3%) and the lowest in Stage 5 (6.7%). 

In Table 2, the data presents the correlations between gender, age group, smoking status, and 

PAD. The findings indicate that a majority of female patients, 55.9%, were affected by PAD, 

revealing a statistically significant difference in PAD occurrence between genders (p < 0.05). On 

the other hand, individuals aged 50 years or older showed a higher prevalence of PAD at 48.8%. 

However, the statistical analysis suggests that age is not significantly associated with PAD 

occurrence (p > 0.05). Moreover, non-smokers were found to have a higher proportion of PAD at 

54.0%, indicating a statistically significant difference in PAD occurrence based on smoking 

status (p < 0.05). 

According to the data presented in Table 3, most patients in Stage 1 were female, accounting for 

38.2%. This indicates no significant correlation between gender and the distribution of GFR 

stages, suggesting that gender does not significantly impact GFR stages (p>0.05). Similarly, in 

terms of age, the most significant proportion of patients in Stage 1 were 50 years or older, 

representing 31.5%. This analysis reveals no statistically significant difference between age 

groups and the distribution of GFR stages, suggesting that age does not significantly affect GFR 

stages (p>0.05). Regarding smoking status, the majority of patients in Stage 1 were non-smokers, 

making up 37.0%. This data implies that there is no statistically significant difference between 

smoking status and the distribution of GFR stages, indicating that smoking status does not 

significantly influence GFR stages (p>0.05). 

In Table 4, an analysis was conducted to explore the correlation between GFR stages and PAD 

using the Chi-Square test, which revealed a notable link between GFR stages and the presence of 

PAD. The early stages (Stage 1) show a relatively low incidence of PAD. However, as the GFR 
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stage advances, the occurrence of PAD increases significantly, with a majority of patients in 

Stages 3a, 3b, 4, and 5 exhibiting PAD. This indicates that PAD is more widespread among 

patients with higher GFR stages, suggesting that reduced kidney function is linked to an elevated 

risk of PAD. 

Discussion 

Most participants were men (54.7%) aged 50 or older (84.7%). Most participants had Stage 1 

GFR PAD (31.3%), and a small number had Stage 5 PAD (6.7%). These findings align with 

previous research indicating that PAD is more prevalent in males and becomes more common 

with age (Criqui et al., 2015). However, several studies have shown similar PAD risk between 

men and women after menopause (Goodney et al., 2014; Allison et al., 2015; Hirsch et al., 2016; 

Selvin et al., 2016). The study also underscores the importance of monitoring kidney function in 

PAD patients and recommends early detection, especially in men aged 50 years or older (Hiatt et 

al., 2001). It advocates for a comprehensive approach to managing PAD and suggests health 

policies that support early detection and prevention (Bonaca et al., 2015). The study aims to 

provide insights and a framework for developing more effective prevention and treatment 

programs, ultimately improving the quality of life for patients (Norgren et al., 2007). 

The study found that a higher percentage of men (61.0%) have PAD compared to women 

(39.0%). Men were also more likely to be at GFR Stage 2 (64.7%), while women were more 

often at Stage 1 (55.3%) and Stage 4 (60.0%). These findings are consistent with previous 

studies showing that men tend to be at higher GFR stages and have a higher prevalence of PAD 

(Norgren et al., 2007). However, conflicting results from other studies exist, including no 

significant difference in PAD prevalence between genders or a more frequent decline in kidney 

function in women in specific populations (Fowkes et al., 2017). To enhance the health outcomes 
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of patients with PAD and impaired GFR, especially in men aged 50 and above, it is crucial to 

implement educational programs targeting PAD risk and early detection  (Liu et al., 2018). 

Additionally, it is essential to adopt sex-specific clinical interventions and a multi-disciplinary 

approach  (Norgren et al., 2007). Moreover, health policies supporting the prevention and 

management of PAD, along with community-based programs, can potentially reduce prevalence 

and enhance the quality of life for patients (Bonaca et al., 2017).  

The study showed that patients aged ≥50 years had a higher prevalence of PAD (84.4%) than 

those aged <50 years (15.6%), with a predominance of elderly patients at higher GFR stages, 

such as stage 3b (95.0%). These findings are supported by studies confirming an increased risk 

of PAD with advanced age (Criqui & Aboyans, 2015; Matsushita et al., 2015). However, other 

studies suggest that lifestyle and genetic factors may be more influential than age (O’Hare et al., 

2014). Recommendations include routine screening for PAD at age ≥50 years, the development 

of health management strategies specific to elderly patients, and health campaigns to raise 

awareness about the risk of PAD and impaired GFR (Norris et al., 2016).  

The data regarding the distribution of patients by GFR stage indicates a direct correlation 

between declining renal function and the prevalence of PAD. For instance, only 10.6% of 

patients at Stage 1 had PAD, whereas 80.0% of those at Stage 5 had PAD. This observation is 

consistent with existing research that links decreased GFR to a heightened risk of PAD, 

particularly in individuals with chronic kidney disease and low GFR (O’Hare et al., 2014; 

Matsushita et al., 2015). Nonetheless, certain studies posit that lifestyle, comorbidities, and 

genetics may exert a more significant influence than the decline in kidney function  (Norris et al., 

2016; Kalantar-Zadeh et al., 2017). In response to this, it is advised that specialized interventions 

be formulated to target amendable risk factors (Kalantar-Zadeh et al., 2017; Singh et al., 2014). 
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Additionally, educational initiatives must be introduced for patients suffering from chronic 

kidney disease, informing them of the risks associated with PAD and proposing strategies for its 

prevention (Hirsch et al., 2015). 

The analysis using the Chi-square test revealed a notable relationship between the GFR stage and 

the prevalence of PAD, indicating an increase in PAD incidence with declining kidney function. 

This correlation is bolstered by research demonstrating that reduced GFR is linked to a 

heightened risk of PAD, particularly in the later phases of chronic kidney disease (O’Hare et al., 

2014). Diminished GFR exacerbates vascular conditions and speeds up the progression of 

atherosclerosis, thereby contributing to a higher occurrence of PAD (Hirsch et al., 2018). 

Although some studies propose that lifestyle and comorbidities may exert a more significant 

influence than the decline in renal function, it is recommended to regularly monitor GFR, 

manage modifiable risk factors, and educate patients about the risk of PAD (Criqui et al., 2016; 

Bashir et al., 2018; Singh et al., 2020).  

This study has some limitations in terms of analyzing other factors, such as risk factors for PAD 

in patients with impaired GFR. Further research on risk factors that influence the development of 

PAD in both men and women is also needed to understand the mechanism of this disease better. 

Additional studies are needed to comprehend the differences in PAD prevalence between the 

sexes in the broader population and to develop more effective interventions for the prevention 

and treatment of PAD. 

Conclusion 

The study examined the connection between the GFR stage and PAD incidence and drew several 

conclusions. Most participants were male, aged 50 years or older, with PAD. The analysis 

revealed a notable correlation between the GFR stage and PAD, showing a higher prevalence of 
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PAD as kidney function declined, from 10.6% at Stage 1 to 80.0% at Stage 5. Male and an 

advanced age can be a risk factor for PAD prevalence. This study reaffirmed the significant 

association between the GFR stage and the incidence of PAD. 
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Figure & Tables 

Table 1. Distribution of characteristics of research subjects 

Characteristics 

Frequency (N=150) 

n % 

Gender  

Male 82 54.7% 

Female 68 45.3% 

Age Groups  

<50 years  23  15.3% 

≥50 years 127 84.7% 

PAD  

Yes 77 51.3% 

No 73 48.7% 

GFR Stage  

Stage 1 47 31.3% 

Stage 2 34 22.7% 

Stage 3a 19 12.7% 

Stage 3b 20 13.3% 

Stage 4 20 13.3% 

Stage 5 10 6.7% 

GFR: Glomerular Filtration Rate, PAD: Peripheral Artery Disease.  
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Table 2. Distribution of respondents' characteristics with peripheral arterial disease incidence 

Characteristics 

Peripheral Artery Disease 

p-value 

PAD Non-PAD 

Gender   

0.049 Male  35 (42.7%) 47 (57.3%) 

Female 38 (55.9%) 30 (44.1%) 

Age Groups   

0.492 < 50 years 11 (47.8%) 12 (52.2%) 

≥ 50 years 62 (48.8%) 65 (51.2%) 

Smoking Status  

0.047 Yes 19 (38.0%) 31 (62.0%) 

No 54 (54.0%) 46 (46.0%) 

Chi-square test 
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Table 3. Distribution of respondents' characteristics with glomerular filtration rate 

Characteristics 

Glomerular Filtration Rate 

p-

value Stage 1 Stage 2 Stage 3a 

Stage 

3b 

Stage 4 

Stage 

5 

Gender       

0.374 

Male 21 (25.6%) 22 (26.8%) 

14 

(17.1%) 

11 

(13.4%) 

8 (9.8%) 

6 

(7.3%) 

Female 26 (38.2%) 12 (17.6%) 5 (7.4%) 

9 

(13.2%) 

12 

(17.6%) 

4 

(5.9%) 

Age Groups       

0.278 

< 50 years 7 (30.4%) 9 (39.1%) 2 (8.7%) 1 (4.3%) 2 (8.7%) 

2 

(8.7%) 

≥ 50 years 40 (31.5%) 25 (19.7%) 

17 

(13.4%) 

19 

(15.0%) 

18 

(14.2%) 

8 

(6.3%) 

Smoking Status      

0.861 

Yes 10 (20.0%) 15 (30.0%) 

10 

(20.0%) 

9 

(18.0%) 

3 (6.0%) 

3 

(6.0%) 

No 37 (37.0%) 19 (19.0%) 9 (9.0%) 

11 

(11.0%) 

17 

(17.0%) 

7 

(7.0%) 

Chi-Square Test 
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Table 4. Relationship between glomerular filtration rate stage and peripheral arterial disease 

Stage_GFR 

PAD 

Value 

Asymp. Sig. 

(2-sided) Non PAD PAD 

Stage 1 42 (89.4%) 5 (10.6%) 

59.829 0.000 

Stage 2 19 (55.9%) 15 (44.1%) 

Stage 3a 3 (15.8%) 16 (84.2%) 

Stage 3b 5 (25.0%) 15 (75.0%) 

Stage 4 2 (10.0%) 18 (90.0%) 

Stage 5 2 (20.0%) 8 (80.0%) 

Chi-Square Test 

 

  



Riandhani Utami Upitarinia/Afr.J.Bio.Sc. 6(15) (2024)                                   Page 9664 to 10 

 
 

References  

Allison MA, Ho E, Denenberg JO, Langer RD, Newman AB, Fabsitz RR, Criqui MH (2015). 

The association between ethnicity and peripheral arterial disease in the United States: The 

NHANES 1999–2004. Am J Prev Med.;32(5):328-333. 

American Diabetes Association (2022). Standards of Medical Care in Diabetes. Diabetes Care. 

Assem M, Mousa S, Abdelhamid A, Amin S, Elsamadony A, El-Sebaee E, et al. (2021). The risk 

of micro and macrovascular disease in Egyptian patients with diabetes and peripheral 

arterial disease. J Community Hosp Intern Med Perspect;11(2):216-219. 

Badan Penelitian dan Pengembangan Kesehatan, Kementerian Kesehatan Republik Indonesia 

(2013). Laporan Nasional Riskesdas 2013. Jakarta: Badan Penelitian dan Pengembangan 

Kesehatan. 

Bashir A, Niazi R, Ahmed J (2018). Chronic inflammation and endothelial dysfunction in CKD 

patients: impact on vascular health. J Vasc Health;14(3):225-232. 

Bonaca MP, Creager MA (2015). Pharmacological treatment and current management of 

peripheral artery disease. Circ Res;116(9):1579-1598. 

Bonaca MP, Creager MA (2017). Pharmacological treatment and current management of 

peripheral artery disease. Circ Res;120(9):1579-1598. 

Criqui MH, Aboyans V (2015). Epidemiology of peripheral artery disease. Circ 

Res;116(9):1509-1526. 

Criqui MH, Matsushita K, Aboyans V, Hess CN, Hicks CW, Kwan TW, McDermott MM, Misra 

S, Ujueta F; American Heart Association Council on Epidemiology and Prevention; 

Council on Arteriosclerosis, Thrombosis and Vascular Biology; Council on Cardiovascular 

Radiology and Intervention; Council on Lifestyle and Cardiometabolic Health; Council on 



Riandhani Utami Upitarinia/Afr.J.Bio.Sc. 6(15) (2024)                                   Page 9665 to 10 

 
 

Peripheral Vascular Disease; and Stroke Council (2016). Lower extremity peripheral artery 

disease: Contemporary epidemiology, management gaps, and future directions. J Vasc 

Surg;63(2):28S-35S. 

Fowkes FG, Rudan D, Rudan I, Aboyans V, Denenberg JO, McDermott MM, et al. (2017). 

Comparison of global estimates of prevalence and risk factors for peripheral artery disease 

in 2000 and 2010: a systematic review and analysis. Lancet;382(9901):1329-1340. 

Goodney PP, Beck AW, Nagle J, Welch HG, Zwolak RM. National trends in lower extremity 

bypass surgery, endovascular interventions, and major amputations. J Vasc Surg. 

2014;50(1):54-60. 

Hiatt WR (2001). Medical treatment of peripheral arterial disease and claudication. N Engl J 

Med;344(21):1608-1621. 

Hirsch AT, Hartman L, Town RJ, Virnig BA (2016). National health care costs of peripheral 

arterial disease in the Medicare population. Vasc Med;13(3):209-215. 

Hirsch AT, Hartman L, Townshend JM (2018). The relationship between chronic kidney disease 

and peripheral arterial disease: a review. J Am Soc Nephrol;29(4):1199-1210. 

Hirsch AT, Haskal ZJ, Hertzer NR (2015). Relationship between age and risk of PAD. J Am Soc 

Nephrol;26(12):2935-2942. 

Hsieh MC, Tien KJ, Perng DS, Hsiao JY, Chang SJ, Liang HT, et al. (2009). Diabetic 

nephropathy and risk factors for peripheral artery disease in Chinese with type 2 diabetes 

mellitus. Metabolism. 58(4):504-509. 

International Diabetes Federation (2021). IDF Diabetes Atlas, 10th edition. Brussels: 

International Diabetes Federation. 



Riandhani Utami Upitarinia/Afr.J.Bio.Sc. 6(15) (2024)                                   Page 9666 to 10 

 
 

Kalantar-Zadeh K, Kovesdy CP, Streja E (2017). Influence of lifestyle and genetic factors on 

PAD prevalence. Nephrol Dial Transplant;32(3):473-481. 

Liu M, Li XC, Lu L, Cao Y, Sun RR, Chen S, Zhang PY (2018). Cardiovascular disease and its 

relationship with chronic kidney disease. Eur Rev Med Pharmacol Sci;22(11):2917-2925. 

Matsushita K, Ballew SH, Astor BC (2015). Chronic kidney disease measures and mortality risk: 

a meta-analysis. J Am Soc Nephrol;26(10):2564-2573. 

Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, Fowkes FG (2007). Inter-Society 

Consensus for the Management of Peripheral Arterial Disease (TASC II). J Vasc 

Surg;45(Suppl S): S5-67. 

Norris KC, Agodoa LY, Abbott KC (2016). Age and PAD risk in CKD patients. Am J Kidney 

Dis;67(1):15-22. 

O'Hare AM, Glidden DV, Fox CS, Hsu CY, Hsia J (2014). High prevalence of peripheral arterial 

disease in persons with renal insufficiency: results from the National Health and Nutrition 

Examination Survey 1999-2000. Circulation;109(3):320-323. 

PERKENI (2019). Pedoman Pengelolaan dan Pencegah Diabetes Melitus Tipe 2 di Indonesia. 

Selvin E, Erlinger TP (2016). Prevalence of and risk factors for peripheral arterial disease in the 

United States: results from the National Health and Nutrition Examination Survey, 1999-

2000. Circulation;110(6):738-743. 

Serra R, Bracale UM, Ielapi N, Del Guercio L, Di Taranto MD, Sodo M, et al. (2021). The 

Impact of Chronic Kidney Disease on Peripheral Artery Disease and Peripheral 

Revascularization. Int J Gen Med;14:3749-3759. 

Singh N, Armstrong EJ, Sherif SA (2014). PAD and age-related differences. Clin J Am Soc 

Nephrol;9(8):1280-1291. 



Riandhani Utami Upitarinia/Afr.J.Bio.Sc. 6(15) (2024)                                   Page 9667 to 10 

 
 

Singh N, Armstrong EJ, Sherif SA (2020). Peripheral artery disease and chronic kidney disease: 

clinical outcomes and management strategies. Clin J Am Soc Nephrol;15(3):300-308. 


