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Abstract

Background: Diabetic nephropathy (DN) is a common complication of diabetes that, given the increasing prevalence of diabetes,
imposes a serious economic burden on healthcare systems and societies. Therefore, this retrospective cross-sectional study aimed to
estimate the economic burden of DN and identify factors influencing its cost in Iran.

Methods: Overall, 192 patients with DN were selected from Imam Khomeini and Golestan Hospitals in Ahvaz and then categorized
into mild, moderate, and severe stages based on their glomerular filtration rate. Direct medical costs were obtained from hospital
billing records, while non-medical and indirect costs were recorded through interviews with patients and their caregivers. Finally, the
obtained data were analyzed by Microsoft Excel 2019 and Stata 16 using logistic regression models.

Results: The total cost of managing patients with DN was estimated at 839,083.88 PPP (current international dollars). Moreover, direct
costs accounted for 88.2% of the total cost, of which 83.9% were medical, while 16.1% were non-medical. The logistic regression analysis
demonstrated that education (odds ratio: 3.655, P=0.044) and disability (odds ratio: 0.722, P<0.001) were significantly associated with
diabetes-related costs.

Conclusions: It was revealed that DN imposes a substantial economic burden on adults with type 2 diabetes. Thus, effective diabetes
control and complication prevention strategies can help reduce these costs and alleviate the economic strain on both patients and

the healthcare system.
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1. Background
Diabetes is one of the most prevalent chronic diseases
globally, whichis caused bya disorder in insulin secretion,
insulin function, or both (1). While it is estimated that
diabetes affects more than 8% of the world’s population
(over 350 million people), this number is expected to
exceed 550 million by 2035 (2). Today, this disease is
considered one of the most serious health, social, and
economic problems worldwide (3-5). Demographic
changes and cultural transitions in societies, along with
the aging phenomenon in developing and developed
countries, have turned diabetes into a global epidemic
(6). According to the World Health Organization,
approximately 422 million adults worldwide had diabetes
in 2016, and this number is estimated to increase by about
48% by 2045(7).In 2021, the national prevalence of diabetes
was 14.15% among the Iranian population aged 20-79
based on fasting blood sugar levels. Khuzestan province
in the southwest of Iran had a higher prevalence of 18.95%
and ranked second in the country (8).

Diabetes is associated with short-term and long-term
complications, many of which are irreversible (9). Diabetic

nephropathy (DN) is regarded as one of the most critical
microvascular complications in the diabetic population
(10). This complication is a major cause of severe kidney
disease or end-stage renal disease (ESRD), requiring dialysis
or kidney transplantation. In the United States (US) alone,
42% of all ESRD cases were diagnosed with DN (11). The
mortality rate in individuals with diabetic kidney disease
(DKD) is nearly 30 times higher than that in diabetic
patients without nephropathy and is associated with
increased cardiovascular mortality (12). In fact, a report
from the National Health and Nutrition Examination
Survey revealed that the prevalence of DKD increased from
1988 to 2008, corresponding to an increase in diabetes
prevalence (3). The results of the largest national study,
‘Survey of Diabetes and Prediabetes Prevalence and Risk
Factors in the Iranian Adult Population, demonstrated
that 15% of individuals had diabetes and 25% were in the
prediabetes stage. The high prevalence of diabetes in Iran
poses a serious challenge to the health system in the future.
DN is one of the major complications of type 1 and type 2
diabetes (T1D and T2D), accounting for a significant portion
of the advanced kidney failure patient population (8).
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According to many epidemiological studies, persistent
hyperglycemia and hypertension are modifiable
risk factors for the onset of DN and its progression
in susceptible individuals. Moreover, inflammation,
metabolic hormones, oxidative stress, and vitamin D
deficiency are the recently recognized factors (13-15).
Likewise, other potential risk factors include glomerular
hyperfiltration, smoking, dyslipidemia, proteinuria
levels, and dietary factors, such as the amount and
source of protein and fat in the diet (16). Similarly,
genetic predisposition contributes to the development
of DN in patients with T1D and T2D (17). Therefore, precise
management of modifiable risk factors is essential for
preventing and delaying kidney function decline (18).
DN not only negatively impacts the patient’s quality of
life and social environment but also imposes a burden
on national healthcare budgets (18). Additionally, loss of
productivity, increased risk of disability, inability to work,
or premature death due to this complication creates a
serious economic burden on healthcare systems (19). This
complication is one of the most expensive microvascular
complications of diabetes mellitus (20). Nearly 20-30%
of patients develop nephropathy during their diabetes
course. It is a progressive disease that is associated with
multiple comorbidities, major complications, and
increased healthcare costs (21). In diabetic patients,
nephropathy creates a critical economic burden in adults
with T1D or T2D, and the overall annual costs per patient
rapidly increase as the disease worsens (22). A study in
the Michigan Health Maintenance Organization showed
that end-stage kidney disease treated with dialysis had
an 11-fold increase in costs compared to diabetic patients
without complications (23). Recently, a study reported
thatsymptoms of DN cause workers to lose approximately
$3.65 billion annually in health-related lost productivity
(24).

In the US, the total annual direct medical costs
of diabetes in 2017 were estimated at $60 billion,
representing 5.8% of all personal healthcare costs in the US
during that year, with the cost of treating DN accounting
for approximately 33% of this cost. The total annual cost
of treating DN in the United Kingdom was approximately
$1.2 billion (25), and baseline costs among patients with
this disease who later progressed were considerably
higher compared to those who did not progress (26).
Therefore, healthcare resources and related medical costs
are more frequently used for patients with diabetes and
nephropathy than for patients without diabetes (27).

2. Objectives

A better understanding of the economic burden of
diabetes and its related complications, especially
nephropathy, is crucial not only for mobilizing the
community and informing policymakers but also
for helping to determine the cost-effectiveness of
interventions for disease prevention and control. Given
the limited resources to meet the healthcare needs of
the community, diabetes is one of the health priorities
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globally and especially in Iran. Accordingly, this study
seeks to evaluate the economic burden of DN with a focus
on direct and indirect costs in the southwest of Iran in
2024.

3.Methods
1.3. Study Setting and Population
This cross-sectional study was conducted to estimate
the cost of DN from a societal perspective. The cost of
illness (COI) studies aim to identify and quantify all costs
associated with a specific disease, thereby estimating
its economic burden on society and highlighting the
potential savings achievable through disease prevention
or eradication. The required data for this study were
collected from patients with T2D whose diagnosis of
DN had been confirmed by specialist physicians. The
inclusion criteria were based on the primary or secondary
disease diagnosis codes recorded in patients’ medical
files, according to the International Classification of
Diseases, tenth revision, specifically code 18N (kidney
failure). Ahvaz, a city in southwest Iran with a population
of approximately one million, has an estimated DN
prevalence rate of 30%. Based on Morgan’s,,a sample size of
384 participants was determined, including 192 patients
with DN and 192 patients with T2D without nephropathy.
Patients were recruited from the dialysis clinics, diabetes
clinics, and nephrology departments of Imam Khomeini
and Golestan Hospitals in Ahvaz between April and
September 2024. In general, 192 patients with DN were
selected using a simple random sampling method. The
exclusion criteria included patients with TiD, those
with other T2D complications, and patients who had
overlapping nephropathy and additional diabetic
complications.

Patients were classified into three severity groups
based on their glomerular filtration rate (GFR):
. Mild (Stages 1-2): Kidney damage with normal or
mildly decreased GFR (>60 mL/min/1.73 m?)
. Moderate (Stage 3): Moderate decrease in GFR
(30-59 mL/min/1.73 m?)
. Severe (Stages 4-5): Severe decrease or kidney
failure (GFR<30 mL/min/1.73 m? or dialysis required)

2.3. Cost Classification and Definition (Data Extraction)

This study employed a prevalence-based perspective and
the COI method based on the human capital approach.
In COI studies, costs are generally classified into direct
medical costs, direct non-medical costs, and indirect
costs.

Direct medical costs refer to expenses incurred in the
delivery of healthcare services, including hospitalization,
laboratory and diagnostic tests, medications, and
hoteling charges (e.g., bed tariffs, clothing, and linens)
as listed in patients’ discharge bills. The costs of services
purchased from outside the hospital were included as
well.

After obtaining informed consent, patients were
enrolled in the study according to the inclusion and
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exclusion criteria. Then, demographic and clinical
data were recorded using a structured data entry form.
Next, a cost estimation checklist was developed based
on the research requirements. Information related to
age, gender, disease stage, occupation, marital status,
socioeconomic status, family history, risk factors, and
comorbidities was extracted from medical records. In
this study, demographic characteristics and treatment
costs were compiled for each participant in 2024.

Direct non-medical costs represent expenditures
that are not directly related to medical treatment
but are necessary for accessing care (transportation,
accommodation, and food expenses incurred by patients
and their families during the treatment period). These
costs were collected through an electronic questionnaire
that included demographic information and detailed
hospital billing data.

Indirect costs refer to productivity losses resulting
from morbidity and mortality. These costs affect patients,
their families, society, and employers. They include
losses due to premature death, illness-related disability,
absenteeism, and reduced work efficiency.

Direct medical costs were calculated according to the
latest approved diagnostic and therapeutic service tariffs
for 2024. Moreover, non-medical direct and indirect costs
were estimated through interviews with patients and
their companions.

To calculate indirect costs, the average number of
workdays lost by patients and their caregivers due to
illness was determined and multiplied by the average
daily income. Likewise, the cost of job loss due to illness
was estimated by multiplying the duration of job loss
by the average annual income. Additionally, the cost of
premature death was calculated by subtracting the age at
death from the average life expectancy and multiplying
the result by the average annual income. This prevalence-
based approach considers all healthcare expenditures
incurred during the year of analysis.

3.3. Cost Estimation

To measure the financial value of lost productivity in

terms of PPP, the formula from the Centers for Disease

Control and Prevention in the US was used as follows:

e The cost due to the days of absence from work for
patients and their families was estimated based on
formula (1):

M=(d) " (Yly) (1)

where M denotes the cost due to days of absence from
work for the patient and their family members, and d is
the average number of days of absence from work for the
patient and their family members. In addition, Y and y
represent the annual income and the number of daysin a
year, respectively.
e The cost of lost productivity due to disability was

calculated using formula (2):
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L=(X)*Y(2)

where L and X indicate the cost of lost productivity due
tojoblossand the average duration of job loss for patients
and their family members, respectively. Moreover, Y
denotes the annual income.

The total cost of a disease includes expenses that the
patient and their family incur for treating the disease,
encompassing both direct and indirect costs of DN.

3.4. Data Analysis

Initially, all estimated costs were calculated in Iranian
Rials and then converted to US dollars based on the official
exchange rate in October 2024 in order to facilitate the
comparison of our results with those of other studies. The
datawere checked for completeness and consistency prior
to analysis. The cleaned data were tabulated and analyzed
using Microsoft Excel 2019 and Stata software (version
17). Descriptive statistics, including means and standard
deviations (SD), were used to summarize the cost data.
Furthermore, logistic regression analysis was performed
to identify factors associated with the economic burden
of DN. The model estimated the percentage change in
the dependent variable (economic burden) relative
to the percentage change in independent variables
representing patient and disease characteristics. The
logistic model for the present study was as follows:

Log (P | (1-P)=Bo+P1X1+B2Xz+...+pkXk

where P is the probability of the economic burden
variable and can take a value of 0 or 1. The dependent
variable in this study was converted into two values, 0
(low economic burden) and 1 (high economic burden),
based on the cut-off point, which is the 50th percentile
of the total cost. Moreover, X; to Xk are the independent
variables. Additionally, f» denotes the intercept, and f;
to Bk are their respective coefficients. A P-value less than
0.05 was considered statistically significant. This model
was estimated using the maximum likelihood estimation
method (29). All statistical analyses were performed
using Stata, version 17.

4. Results

In general, 192 patients with DN participated in this
study (1). Most patients were in the severe stage (49.7%),
followed by the moderate stage (27.6%) and mild stage
(20.7%). Among those in the severe stage, 56 patients with
ESRD were undergoing hemodialysis, with a total of 100
dialysis sessions recorded.

The mean age of participants was 61.2 years, with the
largest proportion (34.3%) belonging to the 46-60-year age
group. Further, the majority of respondents were male
(63.6%) and married (88.5%). In addition, more than half
of the patients (54.6%) resided in urban areas, while the
remaining patients (45.3%) lived in rural or neighboring
villages.

Regarding educational status, 26.5% of patients had
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Table 1. Clinical and Demographic Characteristics of Patients in Hospitals

Stage of nephropathy (GFR)

Characteristics Total Percent
1-2 3 4-5
Number of patients 40(20.7) 58(27.6) 94 49.7() 192 100
15-45 3 21 13 38 19.7
46-60 11 20 35 66 343
Age (y) 61-75 9 14 26 49 25.5
76-90 13 3 17 33 17.1
Up to 90 4 0 2 6 31
Female 8 21 41 70 36.4
Gender
Male 32 37 53 122 63.6
Marriage 40 48 82 170 88.5
Marital status
Single 0 10 12 22 11.5
Urban 35 50 20 105 54.6
Place of residence
Rural 5 8 74 87 453
Illiterate 4 6 7 17 8.8
Elementary 4 7 18 29 15.1
Education Middle/high school 10 14 27 51 26.5
Bachelor’s 1 15 21 47 24.4
Postgraduate 11 16 21 48 25
Employee/worker 21 40 44 105 54.6
Housekeeper 6 13 24 43 223
Occupation
Retired 13 5 26 44 229
Student 0 0 0 0 0
Health insurance 5 6 9 20 10.4
Social security 30 44 61 135 70.3
Insurance type
Oil/relief foundation 5 6 10 21 10.9
Other 0 2 3 5 2.6
Yes 35 48 78 161 83.8
Insurance coverage
No 5 10 16 31 16.2
Yes 27 36 56 19 61.9
Supplementary insurance
No 13 22 38 73 38.1
Yes 33 47 77 157 81.9
History of diabetes
No 7 u 17 35 18.1
No underlying disease 4 7 6 17 8.8
Cardiovascular 4 4 9 17 8.8
Stroke/cardiac 1 19 31 61 31.7
Blood pressure 6 6 6 55 28.6
Comorbidities
. H lipidemia obesit ight 4 6 1 6.
Anemia yperlipidemia obesity/overweig] 3 3 7
Anemia 2 2 6 10 5.2
Depressions 0 0 0 0 0
Other complications 0 0 0 0 0
No underlying disease 10 16 29 18 9.3
Healthy 40 58 94 192
Disability status 100
Disability 0 0 0

Note. GFR: Glomerular filtration rate.

completed secondary school, 25% held postgraduate retired, and housewives, respectively. Among patients’
degrees, and 24.4% held bachelor’s degrees. In terms of companions, most were employees (25%) or workers
employment, 54.6%, 22.9%, and 22.3% were employed, (20.8%).
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Approximately 83.8% of patients had health insurance,
of whom 70.3% were covered by social security insurance;
furthermore, 61.9% had supplementary insurance.

As regards comorbidities, myocardial infarction
(31.7%) was the most common condition, followed by
hypertension (28.6%), cardiovascular disease (8.8%),
hyperlipidemia (6.7%), and obesity (5.2%). Only 8.8% of
patients reported no underlying disease. A family history
of T2D was found in 81.9% of participants.

Concerning disability status, most patients were
healthy (64.5%), while 35.4% reported partial disability
due to DN.

4.1. Direct Cost

From a societal perspective, the total direct cost for
DN patients was estimated at 681,809.31 (PPP, current
international §). 2 presents the medical and non-medical
direct costs for the studied patients. The total direct
medical cost for patients was 572,137.52 (PPP, current
international $), accounting for 83.9% of the total direct
cost. As expected, receiving dialysis was a significant
factor in the costs. In total, the cost of dialysis for patients

Table 2. Direct Costs for Nephropathy Diabetic Care and Treatment

Cost Items

SD M
(PPP, Current International $) can

Total direct cost 681,809.31 127763464.4 219359538.9
Medical direct cost 572,137.52 116999496.2  187509884.5
Registration 35,136.1 17401299 16755393
Consultation 3,311.32 4752869 1579055
Hoteling 54,678.91 26671182 25780919
Consumables 55,158.15 26667393 25986471.4
Laboratories 31,368.81 15412732 14864202
Departmental medicine 35,857.73 18203541 16913903
Radiology 3,579.70 4561490 1707038
Surgery 21,689.18 27099022 10342815
Dialysis 11,302.5 13549366 5389792.2
Ultrasound 10,684.85 9007112.93 5095233.82
CT scan 10,472.26 10878619 4936109.82
ECG 9,765.57 5465727 4577490
Nursing services 46,881.60 21628601 22013913
Inpatient services 17,696.7 11197034 8438967
Vitamins/supplements 30,810.48 15999068 14856053
Prescription drugs 24,3483 9165920 11631917
Medical equipment 16,139.3 19081833 7696281
Home care 7,004.73 15721738 3340314.2
Cardiologist 12,284.89 18660710 5858235.6
Non-medical direct cost 109,672.77 25910302.96 31849654.42
Food and drink 18,823.86 8971636 8924084
Transportation 74,817.84 15902579.16 19374345.58
Phone 144.9 33824.269 69026.1257
Accommodation 7,302.27 15756201.7 3482198.95

Note. SD: Standard deviation; CT: Computed tomography; ECG:
Electrocardiography.
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of subgroup three was reported to be 11,302 PPP. Among
DN patients, the costs of admission (54,729.83 PPP), dietary
supplements (43,312.99 PPP), hoteling (42,855.7 PPP), and
prescribed medications (32,536.89 PPP) accounted for
the highest proportion of medical costs. On the other
hand, the costs of medical consultations and radiology
imaging were the lowest among patients, at 3,311.32 PPP
and 3,579.70 PPP, respectively.

The total non-medical direct cost for DN patients was
109,672.77 (PPP, current international $), constituting
13.07% of the total costs incurred by patients. Among the
non-medical direct costs for patients, costs related to
transportation, food and beverages, and accommodation
for companions were 74,817.84 PPP, 18,823.86 PPP, and
7,302.27 PPP, respectively. Finally, telephone costs in the
group were 144.94 PPP.

4.2.Indirect Cost

The results related to the indirect costs for the studied
patients are presented in 3. Considering that the average
hospitalization for each patient was 3.9 days, the number
of days each patient was absent from work due to
hospitalization was 1.6 days. Based on the monthly salary
of each person in 2024, each patient had an approximate
lost income of PPP 3,798.80. Additionally, the companions
of the patients had a total of 3.9 days of work absence
due to hospitalization, resulting in a lost income of
approximately PPP 30,946.74 for the companions. In
addition, the lost productivity due to the disability of
patients was PPP 122,528.01. In total, the indirect cost for
patients was 157,274.57 (PPP, current international §).
Ultimately, the cost of lost productivity due to premature
death was calculated as zero due to the absence of
recorded deaths during the study period.

4.3. Total Cost

Based on the results (4), the total cost of managing DN
patients was reported to be 839,083.88 (PPP, current

Table 3. Indirect Costs for Nephropathy Diabetic Care and Treatment

Indirect costs (PPP, current international $) SD Mean

Patients’ income lost 3,798.80 3427818.591 1921465.969
;‘;ﬁe‘ﬁ:’i‘;g}‘ﬁg from 12252801 887672532 5842931937
Accompanying income lost 30,946.74 19157247.58 14706806.28
Indirect costs 157,274.57 89888564.21 75057591.62

Note. SD: Standard deviation.

Table 4. Total Costs for Nephropathy Diabetic Care and Treatment

Costs (PPP, current international $) SD Mean

Total direct cost 681,809.31 127763464.4  219359538.9
Medical direct cost 572,137.52 116999496.2 187509884.5
Non-medical direct cost 109,672.77 25910302.96  31849654.42
Indirect cost 157,274.57 89888564.21 75057591.62
Total cost 839,083.88 159186591.5 294417130.5

Note. SD: Standard deviation.
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international $). Overall, the share of direct costs for
patients accounted for 88.2% of the total cost. Among the
studied patients, 83.9% of the total direct cost was direct
medical costs, and 16.1% was non-medical direct costs.

4.4. Association of Patients’ Characteristics and Economic
Burden of Diabetic Nephropathy

In the logistic regression model analysis (5), education
and disability in DN patients demonstrated a statistically
significant association with the economic burden of DN.
Patients with a bachelor’s degree had a greater impact on
economic burden compared to illiterate patients (odds
ratio: 3.655, P=0.044). Additionally, patients with partial
disabilities had a greater effect on the economic burden
of DN compared to patients without disabilities (odds
ratio: 6.722, P=0.00).

5. Discussion

The present study determined the economic burden
of DN in patients attending diabetes clinics in Ahwaz
in 2024. Overall, our findings revealed that the total
estimated cost of treating DN was 839,083.88 (PPP, current
international $), with the largest share of 68% related to
direct medical costs and the smallest share associated
with non-medical direct costs at 13% of the total costs. The
total indirect cost of DN was also 157,274.57 (PPP, current

Table 5. Association of Nephropathy Diabetic Costs With Patients’ Characteristics

international $), accounting for 34% of the total costs.

Based on demographic results, almost half of the
patients undergoing treatment for DN were in the
final stages of the disease, indicating that hospital
management and intervention policies should focus
on these stages to achieve the best outcomes. Koye et al
concluded that DN is one of the most common and severe
long-term complications of diabetes, with approximately
20-40% of patients with T2DM eventually developing
DKD (30). Unlike our results, the findings of Chen et al
demonstrated that the prevalence of the disease in stages
1and 2 was usually higher than that in other stages, which
may be due to the inadequate screening of suspected
patients in these stages (31). DN naturally gradually
progresses, and late diagnosis and increased risk factors
cause the disease to be undetected in its early stages.
Therefore, active prevention may noticeably reduce
healthcare resource consumption and costs.

The medical records showed that a family history
of diabetes and wunderlying conditions, such as
hypertension,  hyperlipidemia, and  significant
comorbidities, including cardiovascular complications,
were present in more than 80% of the patients. Jankowski
et al found that high blood pressure and increased
incidence and prevalence of cardiovascular events in
patients with early stages (stages 1-3) compared to those

% confid
Variable Odds ratio P Value SE z P>z (95 . conticence
interval)
46-60 0.597 0.328 0.03 -0.98 0.32 0.21-1.67
61-75 1.2267 0.723 0.70 0.35 0.72 0.39-3.80
Age (RC:15-45 years)
76-90 2.6020 0.195 192 1.29 0.19 0.61-11.06
Up to 90 2.8017 0.367 3.20 0.90 0.36 0.29-26.2
Marital status (RC: Married) 0.8471 0.764 0.46 -0.30 0.76 0.28-2.49
Gender (RC: Male) 1.7635 0.254 0.87 114 0.25 0.66-2.49
Place of residence (RC: Urban) 0.7678 0.577 0.36 -0.56 0.57 0.30-1.94
Elementary 3.522 0.096 2.66 1.67 0.09 0.80-15.5
Education (RC: Middle/high school 1.5814 0.669 1.05 0.69 0.49 0.42:5.8
illiterate) Bachelor’s 3.6556 0.044 2.55 1.86 0.06 0.9214.3
Postgraduate 1.8592 0.330 118 0.97 0.33 0.53-6.4
0.6566 0.165 0.25 -1.39 0.16 0.15-1.37
Occupation (RC: Worker)
0.6986 0.563 0.43 -0.58 0.56 0.20-2.3
Insurance (RC: Yes) 0.9229 0.861 0.42 -0.18 0.86 0.37-2.25
Supplementary insurance (RC: Yes) 0.9366 0.862 0.352 -0.17 0.86 0.44-1.95
History of diabetes (RC: Yes) 0.0509 0.136 0.23 -1.49 0.13 0.21-1.23
Cardiovascular .5172 0.851 114 0.55 0.58 0.34-6.66
Blood pressure 0.4256 0.149 0.25 -1.44 0.14 0.13-1.35
Comorbidities Hyperlipidemia obesity|overweight 0.4582 0.307 0.34 -1.02 0.30 0.10-2.04
(RC:No underlying
disease) Anemia 1.5293 0.620 131 0.50 0.62 0.28-8.20
Other complications 2.0128 0.487 2.04 0.70 0.48 0.28-14.4
Cardiovascular 0.5252 0.278 0.31 -1.08 0.27 0.16-1.6
Degree of disability (RC: Without disability) 6.722 0.00 2.70 4.74 0.00 3.05-14.79

Note. SE: Standard error; RC: Reference category.

25

Health Tech Asmnt Act. 2025; 9(4).



Bagheri Faradonbeh etal...

with advanced stages (stages 4-5) pose a significant risk
(32), which is in line with the results of our study. Zoccali
et al also reported that cardiovascular complications
are the most common causes of death in patients with
kidney failure (stage G5) undergoing regular dialysis
(33). According to the observations of the study, genetics,
family history, and lack of control of underlying diseases
increase the mortality rate due to cardiovascular disease
in most patients with nephropathy. Therefore, patients
with multiple comorbidities should be treated with a
comprehensive strategy to reduce the risk of disease
progression and various lifestyle interventions.

The findings of the current study confirmed that the
direct medical costs for nephropathy patients were
estimated at 681,809.31 (PPP, current international $),
accounting for 81.2% of the total nephropathy costs.
Among the direct medical costs, the largest share was
related to consumable materials, while the smallest
share was associated with medical consultation costs.
Giilimsek and Keskek also concluded that the average
cost for a patient with DKD was $603, while the average
cost for a diabetic patient without complications
was $222. In contrast to our results, the highest costs
for patients with DKD compared to those without
complications were related to medical hospitalization
(34). Zhou et al reported that the annual treatment
costs for microalbuminuria and macroalbuminuria
stages were $3,580 and $12,830 higher than those for the
normoalbuminuric stage, respectively. Treatment costs
for nephropathy significantly increased with the severity
of the disease(35). Gordois etal calculated the total annual
medical costs for managing DN to be $1.9 billion for TID
and approximately $15 billion for T2D (36). Likewise,
Gandjour et al found that hospitalization was the main
cost driver in stages 3 and 4 of DKD, accounting for more
than 50% of the total costs (37). Prasad et al showed that
the costs of doctor visits and prescribed medications
were higher for patients at high risk of progressing to
kidney failure compared to those at low risk (38), which
contradicts our findings. McQueen et al concluded
that the average annual treatment costs for patients on
medication alone and for those on hemodialysis plus
medication were $386 and $3,181, respectively(39).Itcan be
stated that a significant portion of the costs incurred for
disease management includes direct medical costs and
costs incurred in hospital treatment centers for the final
stages of the disease. Therefore, hospital dialysis centers
should pay more attention to their capital resources,
such as dialysis beds and consumables used regularly by
patients, and patients exposed to extensive challenges,
including difficulty accessing healthcare systems and
medications, optimal diabetes management, and
complication prevention. Accordingly, it is necessary to
find cost-reduction solutions, especially in southwestern
Iran, which, according to the Atlas of Non-Communicable
Diseases, is among the provinces with a high prevalence
of diabetes and its complications.

In our study, the non-medical direct costs for the
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studied patients were estimated at 109,672.77 (PPP,
current international §), accounting for 13.07% of the
total disease cost. In contrast, Wyld et al reported that the
indirect costs for DKD patients were more than double
those for patients without DKD. Additionally, there was
a significant difference in the annual direct healthcare
and non-healthcare costs per person based on the
disease status and stage (40). Comparing these studies
demonstrates that direct non-medical costs can vary
depending on the type of disease and the economic and
social conditions. However, a common point in all these
studies is that direct non-medical costs play an important
rolein the overall financial burden of diseases and require
special attention from policymakers and researchers.

Overall, the total indirect costs for patients in our study
were 157,274.57 (PPP, current international $), with an
average of 1.6 days of work absence and 3.9 days of hospital
stay per individual. Khan et al found that the high costs of
this disease are mainly due to prolonged hospitalizations
(41). Similarly, Zawudie et al reported that the monthly
work absence for patients and their companions for
diabetes treatment was two days (42). Given that nearly
half of the participants were retired or homemakers,
the days of work absence in our study were lower than
those in other studies. Although indirect costs constitute
a smaller percentage of the total costs, they represent a
significant economic burden. Productivity loss due to
work absence and disability affects not only the patients
but also has broader implications for their families
and employers. This aspect of the economic burden is
frequently overlooked but is crucial for a comprehensive
understanding of the impact of DN.

In our study area, education and disability represented
a statistically significant relationship with the increasing
economic burden for patients with DN. Patients with
a bachelor’s degree and partial disability incurred
higher costs for diabetes care and treatment. Zawudie
et al, in their study on the economic burden of diabetes
in Ethiopia, concluded that the total disease cost was
associated with residence, family size, presence of
comorbidities, and history of permanent treatments
(42). Contrary to our study, Aoun et al reported that
diabetes and coronary artery disease were significantly
associated with the total cost of nephropathy, with a
significant percentage of patients paying out-of-pocket
(43). Ahlawat et al identified that employer/insurance
funding, dialysis, lower socioeconomic status, lower
education, comorbidities, and rural residential areas
had a major impact on the costs of chronic kidney
disease (44). Patients with higher education levels
incurred higher costs, possibly indicating better access to
healthcare services and a higher likelihood of receiving
comprehensive treatment. Conversely, disabled patients
had higher overall costs compared to those without
disability, possibly due to greater use of preventive and
therapeutic services.

To the best of our knowledge, our study is one of
the pioneering studies in determining the costs and
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economic burden of DN in recent years in Iran. Given the
increasing prevalence of diabetes and its complicationsin
Iran over the years, it can help highlight the importance
of appropriate resource allocation in the field of non-
communicable, chronic, and kidney diseases. It is worth
mentioning that during the research, we faced several
limitations, such as inadequate recording of costs in
hospital electronic systems and difficulties in disease
detection in stage 1.

6. Conclusion

The findings revealed that DN imposes a serious
economic burden on patients’ health, the healthcare
system, and the overall economy. Healthcare costs
uniformly increase with the higher stages of DN. Our
findings can provide valuable insights for healthcare
providers and policymakers in optimizing care and
resource allocation for patients with DN. Based on our
results, the total estimated cost of treating DN, given
the widespread prevalence of T2D, was 839,083.88 (PPP,
current international §), with the largest and smallest
shares of 68% and 13% related to direct medical costs
and non-medical direct costs, respectively. Overall, the
indirect cost for patients was 157,274.57 (PPP, current
international $). The total cost of managing DN patients
was reported to be 839,083.88 (PPP, current international
$).
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