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Abstract 

Background  Increased insulin levels lead to hyperinsulinemia and insulin resistance (IR). IR is one of the main causes 
of the onset and progression of Diabetic Nephropathy (DN) and kidney failure in type 2 diabetic patients. The present case–
control study sought to investigate the relationship between dietary insulin load (DIL) and index (DII) and the odds of DN 
and kidney function decline.

Methods  At the Kowsar Diabetes Clinic in Semnan, Iran, we enrolled 105 eligible women with DN and 105 controls (30–65 
years old). Dietary insulin load (DIL) and index (DII) were assessed using a 147-item food frequency questionnaire (FFQ). Using 
standard protocols, biochemical variables and anthropometric measurements were evaluated for all patients. To investigate 
potential associations, binary logistic regression was used.

Results  We found that higher DII was associated with 2.72 times higher odds of albuminuria (OR: 2.77; 95% CI 1.16, 6.63) 
and 1.92 times higher odds of DN (OR: 1.92; 95% CI 1.11, 3.32) compared to lower adherence. Additionally, DIL was found 
to be statistically highly connected with mild to severe reduction of glomerular filtration rate (GFR) in participants and 1.82 
times greater odds of DN (OR = 1.82; 95% CI 1.01, 3.30).

Conclusion  The findings from this research showed that a higher odds of DN were related to a higher level of adherence 
to DIL and DII. Increased adherence to DIL was strongly correlated with the likelihood of a decreased GFR. To clarify our find-
ings, more prospective research is necessary.
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Introduction
Diabetic nephropathy (DN) is a primary microvascular 
complication of type 2 diabetes and the most 
common cause of end-stage renal disease (ESRD) [1]. 
Approximately 25–50% of patients with type 1 and 2 
diabetes show clinical manifestations of DN, including 
glomerular hyperfiltration following a gradual increase 
in proteinuria, high blood pressure, and finally loss of 
glomerular filtration rate [2, 3].

Observational and clinical trial studies have 
determined that hyperglycemia and its associated 
metabolic consequences are involved in the initiation 
and progression of DN [4, 5]. Considering that recent 
data have indicated that kidney epithelial cells respond 
to insulin, insulin resistance (IR) plays an important 
role in the development of DN [6]. IR is often seen in 
patients with advanced renal failure or mild functional 
impairment [7]. Increasing the level of chronic 
inflammatory factors such as interleukin-6 (IL-6), tumor 
necrosis factor-alpha (TNF-alpha), and interferon-
gamma is one of the main causes of IR in patients with 
kidney failure [8, 9]. In IR, the signal transmission 
cascade after insulin binding appears to be disturbed [10, 
11]. Glomerular endothelial cells, in response to insulin, 
can increase nitric oxide production by stimulating 
endothelial nitric oxide synthase (eNOS) activity [12], 
which has been shown in animal models to be impaired 
by IR and diabetes [13, 14]. Albuminuria is one of the 
main manifestations of DN; indeed, the presence of 
albuminuria means that the glomerular filtration barrier 
(GFB) is damaged. IR is one of the main causes of damage 
to podocytes, which are the main component of GFB [15, 
16].

Considering that hyperinsulinemia and IR are one of 
the main reasons for the onset and progression of DN and 
kidney failure, it is necessary to monitor type 2 diabetic 
patients [20] carefully. Therefore, this case–control study 
focuses on the relationship between dietary insulin 
index (DII), dietary insulin load (DIL), and diabetic 
nephropathy (DN). The glycemic index (GI) and glycemic 
load (GL) indicate the ability of foods to increase blood 
glucose levels compared to glucose or white bread [17]. 
Serum glucose level is related to insulin level, but GI 
and GL are not suitable for showing postprandial insulin 
levels because they only consider carbohydrates in food; 
foods containing amino acids and certain fatty acids 
can also stimulate insulin secretion [18, 19]. For this 
reason, the insulin index has been proposed to estimate 
postprandial insulin levels in response to the isoenergetic 
values of different foods [20]. The dietary insulin index 
(DII) and dietary insulin load (DIL) are determined by 
evaluating the DII of each meal according to its caloric 
content and intake frequency in the diet [21]. Studies in 

healthy populations have shown that DII and DIL are 
significantly associated with IR [22].

Increased insulin levels lead to hyperinsulinemia and, 
eventually, IR. In turn, IR is one of the main causes of 
kidney failure both in the healthy population and in type 
2 diabetic patients. Specifically, elevated DII and DIL 
contribute to DN through several mechanisms: Firstly, 
they exacerbate hyperinsulinemia, leading to increased 
oxidative stress and inflammation within the kidneys. 
Secondly, the resultant insulin resistance impairs the 
normal function of podocytes and glomerular endothelial 
cells, disrupting the glomerular filtration barrier (GFB) 
and promoting albuminuria [23]. Although some recent 
investigations have evaluated the effect of dietary 
protein, fat, and acid load on reduced kidney function, 
the impact of insulin load on kidney function among 
diabetic patients is not known [24–26]. Therefore, the 
present case–control study was designed to investigate 
the individual and separate associations of dietary insulin 
index (DII) and dietary insulin load (DIL) with the odds 
of DN and kidney function decline among women. 
Investigating both DII and DIL separately allows for a 
comprehensive understanding of how the quality and 
quantity of dietary insulin-stimulating foods may impact 
DN risk.

Method and materials
Subjects
Participants in this study were gathered from the 
Kowsar Clinic in Semnan, Iran, between July and 
December 2016. The inclusion criteria were: Women 
with diabetes mellitus type 2 (DM2), between the ages 
of 30 and 65, with a history of DM2 lasting 3–10 years, 
and who were not adhering to a specific diet at the time 
of enrollment, were eligible to participate in this study 
[27]. The diagnosis of diabetes in this study was based 
on the updated diagnostic criteria of the American 
Diabetes Association (ADA), defined as a fasting blood 
sugar (FBG) of 126 mg/dl or higher, or a 2-h post-load 
blood glucose level of 200 mg/dl or higher. Autoimmune 
diseases, a history of malignancy, coronary angiography, 
hepatitis, myocardial infarction, or stroke were other 
disqualifying factors. A total daily calorie intake of 500 
kcal or less was regarded as an exclusion criterion, as well 
as an incomplete food frequency questionnaire.

Urinary albumin-to-creatinine ratio (ACR) of 30 mg/g 
in a random spot urine sample was the standard utilized 
for DN in this study. Convenience sampling was used for 
the identification of 120 patients with DN. 105 patients 
with DN consented to take part in the investigation. 
Furthermore, the control group consisted of 105 diabetic 
women without DN from the same center who were 
matched 1:1 to the DN cases, by age at 1-year intervals, 
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and by duration of diabetes at 6-month intervals. To 
participate in the present study, every individual gave 
written informed consent. This work was approved by 
the Ethics Committee of Tehran University of Medical 
Sciences (Ethics Number: IR.TUMS.REC.1395.2644).

Data collection
Age, diabetes duration, smoking status, and other 
participant information were collected, and individuals 
were dressed comfortably and unshod while having their 
body weight (kg) measured. Body mass index (BMI) 
was determined as body weight divided by the square of 
the body height. Using a manual sphygmomanometer, 
blood pressure was taken once, on the left arm, while 
participants were seated and after 5 min of rest [28]. 
To measure physical activity, the International Physical 
Activity Questionnaire (IPAQ) was utilized [29]. This 
questionnaire’s scoring criteria were as follows: "poor 
physical activity" (score 600 Metabolic Equivalent of 
Task-hours/week), "moderate physical activity" (score 
600–3000 MET-h/Week), or "high physical activity" 
(score > 3000 MET-h/week) levels.

Blood parameters
From the participants’ medical records from the 
preceding three months, biochemical data were gathered. 
Tests for blood sugar (FBG, 2hrBG, and HbA1c), lipid 
profile (triglycerides (TG), low-density lipoprotein (LDL), 
total cholesterol (TC), and high-density lipoprotein 
(HDL), as well as kidney function tests (total serum 
creatinine (Cr), and blood urea nitrogen (BUN)) were 
among these factors. To calculate the LDL/HDL ratio, the 
LDL level is divided by the HDL level.

Dietary assessment
Face-to-face interviews were used to measure dietary 
consumption using a valid and reliable food-frequency 
questionnaire (FFQ) [30]. Participants provided 
information on how often they eat—daily, weekly, 
monthly, or annually. Using standard measures, the 
final portion amounts were converted to grams per 
day. The residual approach was then used to account 
for calorie consumption at these levels. Dietary intakes 
were examined using the NUTRITIONIST 4 program 
(First Data Bank, San Bruno, CA) to estimate energy and 
nutrient intakes.

The US Department of Agriculture Food database was 
used to examine the daily dietary intake of nutrients 
and energy after being modified for Iranian cuisine. The 
compositions of various Iranian foods that were absent 

from the original USDA database are now available in 
the amended USDA nutrition database. These foods’ 
components have already been evaluated. From prior 
research, BrandMiller calculated DII [21].

Generally, DII calculates the difference between the 
area under the curve after consuming a 1000 kJ test food 
divided by the area under the curve after consuming a 
1000 kJ portion of the reference food over 2 h [20, 21, 
31]. Based on the associations between the calorie, fiber, 
carbohydrate, protein, and fat contents of the food items 
in the current study and the Brand-Miller products, 
the food items were matched. The insulin of each item 
was determined by multiplying the insulin index by the 
calorie content of the food:

A food’s insulin load is calculated by multiplying its 
insulin index by its daily calorie intake.

DIL was then calculated by adding up the items’ total 
insulin loads.

Statistical analysis
The normal distribution of the quantitative variables was 
assessed and confirmed using the Kolmogorov–Smirnov 
test. Independent t-test and chi-square tests were used 
to compare quantitative variables and to determine the 
distribution of the qualitative variables across the median 
of DIL and DII, respectively. Energy-adjusted dietary 
macro and micronutrient intakes across the groups of 
DIL and DII were compared using analysis of covariance 
(ANCOVA). DIL and DII were separated into two groups 
based on their median (Low vs High) intake.

Binary logistic regression for matched analysis was 
used to determine whether dietary insulin load and index 
were associated with the odds of DN, abnormal GFR, 
and BUN. We also used Multinomial logistic regression 
to investigate the odds of albuminuria (severe and mild) 
between DIL and DII groups.

In adjusted models, age, energy intake, and hemoglobin 
level were controlled for. All data analysis was performed 
using SPSS software (Version 25, SPSS Inc., Chicago, IL, 
USA), and P ≤ 0.05 was a priori considered statistically 
significant.

Results
Characteristics of participants across cases and controls
Among 210 participants, 105 cases of DN were included. 
The mean (SD) age of participants was 55.37 (7.07) years, 
and the mean BMI was 28.09 (4.59) kg/m2. According to 
characteristics of participants across cases and controls, 
serum albumin, Hb A1C, serum levels of TC, LDL, and 
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Cr, the usage of angiotensin receptor blockers and angio-
tensin-converting enzyme inhibitors was higher in cases 
than in controls (P value < 0.05).

Demographic characteristics between the DIL and DII 
groups
The demographic characteristics of the case and control 
groups between DIL and DII intakes based on median 
groups were presented in Table 1. As shown in this table, 
a significant mean difference was observed in terms of 
Hb A1C among low and high adherence of DIL between 
both cases (P = 0.03) and control (P = 0.02), and control 
among DII groups (P = 0.02). Individuals with high 
adherence to the DIL and DII scores had significantly 
higher HbA1C. Also, DN patients who consumed higher 
DIL showed higher blood sugar (P = 0.04), whilst patients 
with higher DII were heavier (P = 0.04). Moreover, 
controls with higher adherence to DIL had significantly 
higher Hb (P = 0.007) and lower diastolic blood pressure 
(DBP) (P = 0.04).

Dietary intakes of study subjects according to DIL and DII 
groups
Table  2 shows the mean differences in dietary intakes 
between the two groups of DIL and DII based on 
their median. The results show that the participants 
with high adherence to DIL had significantly higher 
intakes of energy, protein, carbohydrate, total fat, 
cholesterol, saturated fatty acids (SFA), Iron, magnesium, 
potassium, phosphorous, calcium, vitamin K, vitamin 
E, α-Tocopherol, vitamin B1, vitamin B2, vitamin 
B3, vitamin B5, vitamin B6, vitamin B12, biotin and 
lower monounsaturated fatty acids (MUFA) (P < 0.05). 
However, among DII groups, considering the energy 
intake attenuated all associations (P > 0.05).

The association between DIL and DII adherence 
with reduced kidney function
Crude and multivariable odds ratios and 95% confidence 
intervals of DN, albuminuria, decreased GFR, and 
increased BUN according to DIL and DII groups are 
shown in Table 3.

In the crude model, the odds of having high DII 
adherence were 1.92 times higher in women with DN 
(cases) compared to women without DN (controls) 
(OR: 1.92; 95% CI 1.11, 3.32; P = 0.02). In addition, 
after controlling for energy intake, age, and Hb, this 
association has remained significant (OR: 1.90; 95% CI 

1.08, 3.33), and participants with higher compared to the 
lower DII adherence had 1.92 times higher odds of DN.

In the crude model, participants with higher adherence 
to the DII group had higher odds of severe albuminuria 
(OR: 2.77; 95% CI 1.18, 6.50) compared with those with 
lower adherence. Also, after controlling for energy intake, 
age, and Hb, this association remained significant (OR: 
2.77; 95% CI 1.16, 6.63), and participants with higher 
compared to the lower DII adherence had 2.77 times 
higher odds of severe albuminuria.

The DIL median intake was not significantly associated 
with DN in the crude model (OR = 1.52; 95% CI 0.88, 
2.62). However, after adjusting for confounding variables, 
energy intake, age, and Hb, participants with the 
higher DIL median had 1.82 times higher odds of DN 
(OR = 1.82; 95% CI 1.01, 3.30).

The DIL and DII median intake was not significantly 
associated with a mild to severe decrease in GFR in 
the crude model (OR = 1.36; 95% CI 0.78, 2.37) and 
(OR = 1.36; 95% CI 0.78, 2.37), respectively. However, 
after adjusting for potential confounding variables, 
energy intake, age, and Hb, participants with the higher 
DIL and DII median intake had 2.30 (OR = 2.30; 95% CI 
1.17, 4.52) and 1.82 (OR = 1.82; 95% CI 1.09, 3.90) times 
higher odds of mild to severe decrease GFR, respectively. 
The significant associations between adherence to dietary 
insulin load and dietary insulin index with diabetic kid-
ney outcomes are presented in Fig. 1.

Discussion
The present case–control study sought to assess the 
relationship between DII and DIL with the odds of 
DN and kidney function factors in Iranian women. 
Accordingly, we found a significant association between 
higher adherence to DII and with odds of DN and 
albuminuria. Furthermore, we showed a statistically 
significant association between DIL and the odds of DN 
and mild to severe reduction of GFR in participants. 
In the preceding three decades, DN prevalence has 
increased in all income levels in countries. Diabetes 
is known to impact all organ functions, including 
the digestive system, brain and nervous systems, 
cardiovascular system, skeletal muscle, the immune 
system, and the kidneys. DN is currently accountable for 
31.1 percent of deaths in diabetic patients [32, 33].

The results of the present study showed that more DII 
consumption was related to increased odds of DN and 
albuminuria; also, higher DIL was associated with greater 
odds of DN in participants. Both greater intake of DIL 
and DII were associated with increased odds of reduced 
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GFR. Hyperinsulinemia, or even IR, is one of the main 
agents for the progression of DN and kidney failure [34]. 
DII and DIL are two factors that are related to IR, which 
in turn contributes to metabolic syndromes and type 
2 diabetes [35]. To our knowledge, there is no currently 
available study on DII and DIL on DN; however, there 
are some previous studies performed in diabetic patients, 
including a randomized controlled trial by Zhang 2022, 
that have compared the association between insulin 
groups and Exenatide for 52  weeks. In Zhang 2022, the 
authors observed that, in insulin groups, eGFR was lower 
than in patients administered with Exenatide [36]. In 
a cross-sectional observational study involving 1,413 
subjects with type 2 diabetes, a higher triglyceride-
glucose (TyG) index was significantly associated with 
the presence of nephropathy. Additionally, the study 
observed that insulin use was more prevalent among 
individuals with nephropathy, suggesting a potential link 
between insulin resistance, hyperinsulinemia, and the 
progression of diabetic nephropathy [37]. Additionally, in 
a study by Jang et  al., the results on 60,047 participants 
showed that IR was associated with the development of 
albuminuria in relatively healthy subjects [38]. Whilst 
in a national cohort of 855,133 veterans with type 2 
diabetes by Grube et al., more advanced chronic kidney 
disease (CKD) was associated with greater insulin use. 
Indeed, both insulin use and advanced CKD were risk 
factors for serious hypoglycemic events [39]. Perhaps, 
insulin administration, like insulinogenic, plays a role 
in nephropathy. Moreover, a previous study reported 
that lower insulin sensitivity is related, longitudinally, 
to hyperfiltration and causes albumin excretion [40]. 
According to a randomized, crossover feeding trial 
study by Juraschek 2016 on 163 overweight/obese 
adults, without diabetes or kidney disease, a significant 
association between reducing GI and increasing intake of 
fat and proteins and promoting GFR was found [41].

Hyperglycemia is known to result in vascular 
endothelial cells. The biggest detriment happens in 
intracellular hyperglycemia [42], which can cause cellular 
damage by acute changes in cellular metabolism, as well 
as cumulative changes in long-lived macromolecules. 
Hyperglycemia is associated with rapid increases in 
reactive oxygen species (ROS) and lipid peroxidation. 
Consequently, ROS decreases nitric oxide levels by 
activation of aldolase reductase enzymes. This enzyme 
converts active aldehydes to inactive alcohol forms, 
and nitric oxide downregulates the activity of aldolase 
reductase by converting cysteine residues in the enzyme’s 
active site. In addition, ROS seems to reduce nitric 

oxide levels and convert aldolase reductase to a higher 
status [43–45]. On the other hand, some studies have 
reported that ROS activates protein kinase C (PKC) by 
producing hydrogen peroxide (H2O2). PKC causes a 
thickening of basement membranes, vascular occlusion 
and permeability, and activates angiogenesis [46, 47]. 
Some studies posit that other mechanisms play a role in 
DN, implicating the production of advanced glycation 
products (AGEs). AGEs damage target cells by altering 
protein functions, changing extracellular matrix (ECM) 
function, producing cytokines and hormones by binding 
to macrophages, inducing ROS production, activating 
NF-κ B, and increasing expression of pathogenic 
cells [48]. Other mechanisms for DN concentrate 
on DIL and DII. In addition, higher insulin levels are 
associated with renal injury and predispose the patient 
to mild hypertension [49]. Some studies have reported 
a relationship between lower circulating irisin and IR 
and CKD and diabetes, whereas diabetic patients with 
abnormal fasting blood sugar present with higher levels 
of irisin [50–52]. The impaired insulin signaling, resulting 
from tyrosine phosphorylation that causes protein 
degradation and muscle wasting, is typically followed 
by a reduction in protein kinase B (PKB) or Akt kinase 
(Akt) activations and  phosphatidylinositol  3 kinases 
[53–55]. CKD, by activating the ubiquitin–proteasome 
system, causes degradation of insulin receptor substrate 1 
(insulin auto-phosphorylates tyrosine by these receptors) 
and decreases Akt phosphorylation and finally causes 
protein, lipid, and glycogen synthesis impairment [56]. 
Activation of the mineralocorticoid receptor in CKD 
raises asymmetric dimethyl arginine that impairs the 
signaling of insulin in adipocytes of rodents with renal 
dysfunctions. Moreover, angiotensin II promotes the 
suppression of cytokine signaling 3 (SOCS3) that leads 
to decreased IRS1 and impaired insulin signaling (in this 
pathway, increasing IR followed by enhancing ubiquitin 
protease system and degrading insulin receptor substrate 
1 (IRS1) and reduction of phosphorylation Akt [57–60]). 
Podocyte cells prevent plasma proteins from entering 
the urine [61]; indeed, their decrease can be used as a 
predictive marker for a decrease in kidney function in 
diabetic patients, and the remaining cells are not able 
to compensate for the function of GFR and can cause 
glomerulosclerosis [62, 63].

To our knowledge, this is the first study to have 
assessed the relationship between DII and DIL and albu-
minuria, reduction of GFR, and DN. However, several 
limitations warrant consideration. First, the use of con-
venience sampling for the recruitment of participants 
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might have introduced selection bias, potentially limiting 
the generalizability of our findings. Indeed, this study is 
a case–control study and cannot infer a causal relation-
ship. Furthermore, given that dietary intake was assessed 
retrospectively using a food frequency questionnaire, it is 
plausible that women diagnosed with diabetic nephropa-
thy may have altered their dietary habits after receiv-
ing their diagnosis, potentially in an attempt to manage 
their condition. This could have influenced their reported 
dietary intake at the time of the study. In addition, this 
study cannot provide real-time insight due to its nature. 
Although we adjusted for several covariates, it is entirely 
plausible that some unknown confounders exist. This 

study can be used as an evidence base for performing 
future randomized controlled trials and cohort studies 
with large populations.

Conclusion
This case–control study demonstrates that higher adher-
ence to DII and DIL is associated with higher odds of 
DN. Furthermore, higher DII scores are related to albu-
minuria incidence in diabetic patients, whilst higher DII 
and DIL are negatively associated with GFR. However, 
further randomized controlled trials are required in the 
future to confirm the veracity of our findings.

Table 2  Dietary intakes of participants across DIL and DII intake

Cut off for DIL (162006.80) and DII (116.71)

DIL dietary insulin load; DII dietary insulin index, SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid

Data are presented as mean ± SD; significant items with P 0.05 are bolded. P value was adjusted to energy intake. Independent sample T-test was used

Variables DIL Pa DII Pa

Low adherence
(N = 105)

High adherence
(N = 105)

Low adherence
(N = 105)

High adherence
(N = 105)

Macronutrients

 Energy (kcal/d) 1340.63 ± 242.01 1519.27 ± 306.77  < 0.001 1459.72 ± 306.36 1400.18 ± 270 0.13

 Protein (g/d) 45.2 ± 9.14 48.76 ± 8.98 0.005 47.99 ± 10.06 45.98 ± 8.8.20 0.11

 Carbohydrate (g/d) 234.04 ± 46.01 268.54 ± 60.16  < 0.001 256.77 ± 61.93 245.82 ± 49.4 0.15

Dietary lipids

 Cholesterol (mg/d) 5.38 ± 6.56 8.09 ± 9.40 0.01 7.80 ± 8.82 5.66 ± 7.42 0.06

 SFA (g/d) 5.81 ± 1.45 6.60 ± 1.74  < 0.001 6.39 ± 1.58 6.02 ± 1.69 0.09

 MUFA (g/d) 10.13 ± 2.14 11.97 ± 3.63  < 0.001 11.10 ± 2.68 11.01 ± 3.49 0.82

 PUFA (g/d) 10.32 ± 2.62 10.78 ± 2.08 0.15 10.85 ± 2.49 10.24 ± 2.22 0.06

Vitamins

 B1 (mg/d) 1.61 ± 0.32 1.76 ± 0.32 0.001 1.61 ± 0.32 1.76 ± 0.32 0.35

 B2 (mg/d) 0.92 ± 0.16 1.02 ± 0.20  < 0.001 0.92 ± 0.16 1.02 ± 0.20 0.84

 B6 (mg/d) 0.92 ± 0.16 1.02 ± 0.20  < 0.001 0.92 ± 0.16 1.02 ± 0.20 0.27

 Folate (μg/d) 377.98 ± 98.94 390.02 ± 92.34 0.36 377.98 ± 98.94 390.02 ± 92.34 0.3

 B12 (μg/d) 0.12 ± 0.11 0.17 ± 0.16 0.01 0.12 ± 0.11 0.17 ± 0.16 0.05
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Fig. 1  Associations of Dietary Insulin Load and Dietary Insulin Index with Diabetic Nephropathy, Severe Albuminuria, and Reduced Glomerular 
Filtration Rate (GFR)



Page 11 of 12Abaj et al. Journal of Health, Population and Nutrition          (2025) 44:173 	

Abbreviations
ACR​	� Albumin-to-creatinine ratio
DM	� Diabetes mellitus
DN	� Diabetic nephropathy
DIL	� Dietary insulin load
DII	� Dietary insulin index
DBP	� Diastolic blood pressure
e-GFR	� Estimated glomerular filtration rate
ESRD	� End-stage renal disease
FBS	� Fasting blood sugar
FFQ	� Food frequency questionnaire
Hb-A1C	� Hemoglobin A1c
Hs-CRP	� High-sensitivity C-reactive protein
T2D	� Type 2 diabetes
MUFA	� Monounsaturated fatty acids
SFA	� Saturated fatty acids

Acknowledgements
The authors would like to thank the participants for their kind cooperation 
and assistance in physical examinations.

Author contributions
The project was designed and managed by FA and AM. The manuscript was 
written by FA, MG, YA, and RAK. Data were analyzed and interpreted by FA. 
The manuscript was edited by AM, PJ and CC. KM supervised the overall 
project. MG and PJ has revised and visualized the article. All authors read and 
approved the final manuscript.

Funding
This study was supported by Tehran University of Medical Sciences.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The study protocol has been approved by the ethics committee of Tehran 
University of Medical Sciences (TUMS) with the following identification: IR. 
TUMS.REC.1395.2644.

Consent for publication
Each participant was completely informed about the study protocol and 
provided a written informed consent form before taking part in the study.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Nutrition, Dietetics and Food, School of Clinical Sciences 
at Monash Health, Monash University, Clayton, Australia. 2 Chronic Diseases 
Research Center, Endocrinology and Metabolism Population Sciences 
Institute, Tehran University of Medical Sciences, Tehran, Iran. 3 Department 
of Community Nutrition, School of Nutritional Sciences and Dietetics, Tehran 
University of Medical Sciences (TUMS), Tehran, Iran. 4 Department of Clini-
cal Nutrition, School of Nutritional Sciences and Dietetics, Shahid Beheshti 
University of Medical Sciences (SBUMS), Tehran, Iran. 5 Department of Nutri-
tion, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, 
Iran. 6 Electronic Health and Statistics Surveillance Research Center, SR.C., 
Islamic Azad University, Tehran, Iran. 7 Department of Clinical Nutrition, School 
of Nutritional Sciences and Dietetics, Tehran University of Medical Sciences 
(TUMS), Tehran, Iran. 8 Institute for Health and Wellbeing, Coventry University, 
Coventry CV1 5FB, UK. 

Received: 16 June 2024   Accepted: 22 April 2025

References
	1.	 Fineberg D, Jandeleit-Dahm KA, Cooper ME. Diabetic nephropathy: 

diagnosis and treatment. Nat Rev Endocrinol. 2013;9(12):713–23.
	2.	 Tervaert TW, Mooyaart AL, Amann K, Cohen AH, Cook HT, Drachenberg 

CB, et al. Pathologic classification of diabetic nephropathy. J Am Soc 
Nephrol. 2010;21(4):556–63.

	3.	 de Boer IH, Rue TC, Hall YN, Heagerty PJ, Weiss NS, Himmelfarb J. Temporal 
trends in the prevalence of diabetic kidney disease in the United States. 
JAMA. 2011;305(24):2532–9.

	4.	 Nathan DM, Genuth S, Lachin J, Cleary P, Crofford O, Davis M, et al. The 
effect of intensive treatment of diabetes on the development and 
progression of long-term complications in insulin-dependent diabetes 
mellitus. N Engl J Med. 1993;329(14):977–86.

	5.	 Intensive blood–glucose control with sulphonylureas or insulin com-
pared with conventional treatment and risk of complications in patients 
with type 2 diabetes (UKPDS 33). UK Prospective Diabetes Study (UKPDS) 
Group. Lancet (London, England). 1998;352(9131):837–53.

	6.	 De Cosmo S, Menzaghi C, Prudente S, Trischitta V. Role of insulin resist-
ance in kidney dysfunction: insights into the mechanism and epidemio-
logical evidence. Nephrol Dialysis Transplant. 2013;28(1):29–36.

	7.	 Fliser D, Pacini G, Engelleiter R, Kautzky-Willer A, Prager R, Franek E, et al. 
Insulin resistance and hyperinsulinemia are already present in patients 
with incipient renal disease. Kidney Int. 1998;53(5):1343–7.

	8.	 Wójcik C. Emerging lipid lowering agents targeting LDL cholesterol. 
Postgrad Med. 2020;132(5):433–40.

	9.	 Giovannini S, Onder G, Liperoti R, Russo A, Carter C, Capoluongo E, et al. 
Interleukin-6, C-reactive protein, and tumor necrosis factor-alpha as 
predictors of mortality in frail, community-living elderly individuals. J Am 
Geriatr Soc. 2011;59(9):1679–85.

	10.	 Friedman JE, Dohm GL, Elton CW, Rovira A, Chen JJ, Leggett-Frazier N, 
et al. Muscle insulin resistance in uremic humans: glucose transport, glu-
cose transporters, and insulin receptors. Am J Physiol Endocrinol Metab. 
1991;261(1):E87–94.

	11.	 DeFronzo RA, Alvestrand A, Smith D, Hendler R, Hendler E, Wahren J. 
Insulin resistance in uremia. J Clin Invest. 1981;67(2):563–8.

	12.	 Kuboki K, Jiang ZY, Takahara N, Ha SW, Igarashi M, Yamauchi T, et al. 
Regulation of endothelial constitutive nitric oxide synthase gene expres-
sion in endothelial cells and in vivo : a specific vascular action of insulin. 
Circulation. 2000;101(6):676–81.

	13.	 Naruse K, Rask-Madsen C, Takahara N, Ha SW, Suzuma K, Way KJ, et al. 
Activation of vascular protein kinase C-beta inhibits Akt-dependent 
endothelial nitric oxide synthase function in obesity-associated insulin 
resistance. Diabetes. 2006;55(3):691–8.

	14.	 Bohlen HG. Protein kinase betaII in Zucker obese rats compromises oxy-
gen and flow-mediated regulation of nitric oxide formation. Am J Physiol 
Heart Circ Physiol. 2004;286(2):H492–7.

	15.	 Sharma R, Tiwari S. Renal gluconeogenesis in insulin resistance: a culprit 
for hyperglycemia in diabetes. World J Diabetes. 2021;12(5):556–68.

	16.	 Dai H, Liu Q, Liu B. Research progress on mechanism of podocyte deple-
tion in diabetic nephropathy. J Diabetes Res. 2017;2017:2615286.

	17.	 Jenkins DJ, Wolever TM, Taylor RH, Barker H, Fielden H, Baldwin JM, et al. 
Glycemic index of foods: a physiological basis for carbohydrate exchange. 
Am J Clin Nutr. 1981;34(3):362–6.

	18.	 van Loon LJ, Saris WH, Verhagen H, Wagenmakers AJ. Plasma insulin 
responses after ingestion of different amino acid or protein mixtures with 
carbohydrate. Am J Clin Nutr. 2000;72(1):96–105.

	19.	 Moghaddam E, Vogt JA, Wolever TM. The effects of fat and protein 
on glycemic responses in nondiabetic humans vary with waist 
circumference, fasting plasma insulin, and dietary fiber intake. J Nutr. 
2006;136(10):2506–11.

	20.	 Holt SH, Miller JC, Petocz P. An insulin index of foods: the insulin demand 
generated by 1000-kJ portions of common foods. Am J Clin Nutr. 
1997;66(5):1264–76.

	21.	 Nimptsch K, Brand-Miller JC, Franz M, Sampson L, Willett WC, Giovan-
nucci E. Dietary insulin index and insulin load in relation to biomarkers 
of glycemic control, plasma lipids, and inflammation markers. Am J Clin 
Nutr. 2011;94(1):182–90.

	22.	 Mirmiran P, Esfandiari S, Bahadoran Z, Tohidi M, Azizi F. Dietary insulin 
load and insulin index are associated with the risk of insulin resistance: a 
prospective approach in tehran lipid and glucose study. J Diabetes Metab 
Disord. 2015;15:23.



Page 12 of 12Abaj et al. Journal of Health, Population and Nutrition          (2025) 44:173 

	23.	 Mitchell NS, Batch BC, Tyson CC. Retrospective cohort study of changes 
in estimated glomerular filtration rate for patients prescribed a low carb 
diet. Curr Opin Endocrinol Diabetes Obes. 2021;28(5):480–7.

	24.	 Hansen HP, Christensen PK, Tauber-Lassen E, Klausen A, Jensen BR, 
Parving H-H. Low-protein diet and kidney function in insulin-dependent 
diabetic patients with diabetic nephropathy. Kidney Int. 1999;55(2):621–8.

	25.	 Lin J, Judd S, Le A, Ard J, Newsome BB, Howard G, et al. Associations of 
dietary fat with albuminuria and kidney dysfunction. Am J Clin Nutr. 
2010;92(4):897–904.

	26.	 Silva L, Moço SA, Antunes ML, Ferreira AS, Moreira AC. Dietary acid 
load and relationship with albuminuria and glomerular filtration rate in 
individuals with chronic kidney disease at predialysis state. Nutrients. 
2022;14(1):170.

	27.	 Jayedi A, Mirzaei K, Rashidy-Pour A, Yekaninejad MS, Zargar MS, Akbari 
Eidgahi MR. Dietary approaches to stop hypertension, mediterranean 
dietary pattern, and diabetic nephropathy in women with type 2 
diabetes: a case–control study. Clin Nutr ESPEN. 2019;33:164–70.

	28.	 Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves JW, Hill MN, et al. Rec-
ommendations for blood pressure measurement in humans: an AHA 
scientific statement from the Council on High Blood Pressure Research 
Professional and Public Education Subcommittee. J Clin Hypertens 
(Greenwich). 2005;7(2):102–9.

	29.	 Hagströmer M, Oja P, Sjöström M. The International Physical Activity 
Questionnaire (IPAQ): a study of concurrent and construct validity. 
Public Health Nutr. 2006;9(6):755–62.

	30.	 Esfahani FH, Asghari G, Mirmiran P, Azizi F. Reproducibility and rela-
tive validity of food group intake in a food frequency questionnaire 
developed for the Tehran Lipid and Glucose Study. J Epidemiol. 
2010;20(2):150–8.

	31.	 Bao J, de Jong V, Atkinson F, Petocz P, Brand-Miller JC. Food insulin 
index: physiologic basis for predicting insulin demand evoked by 
composite meals. Am J Clin Nutr. 2009;90(4):986–92.

	32.	 Reed J, Bain S, Kanamarlapudi V. A review of current trends with 
type 2 diabetes epidemiology, aetiology, pathogenesis, treatments 
and future perspectives. Diabetes Metab Syndr Obes Targets Thera. 
2021;14:3567–602.

	33.	 Fauci AS. Harrison’s principles of internal medicine. New York: McGraw-
Hill Education; 2015.

	34.	 Nagpal J, Pande JN, Bhartia A. A double-blind, randomized, placebo-
controlled trial of the short-term effect of vitamin D3 supplementation 
on insulin sensitivity in apparently healthy, middle-aged, centrally 
obese men. Diabetic Med J Br Diabetic Assoc. 2009;26(1):19–27.

	35.	 Mirmiran P, Esfandiari S, Bahadoran Z, Tohidi M, Azizi F. Dietary insulin 
load and insulin index are associated with the risk of insulin resistance: 
a prospective approach in tehran lipid and glucose study. J Diabetes 
Metab Disord. 2015;15:1–7.

	36.	 Zhang J, Xian T-Z, Wu M-X, Li C, Wang W, Man F, et al. Comparing 
the effects of twice-daily exenatide and insulin on renal function in 
patients with type 2 diabetes mellitus: secondary analysis of a rand-
omized controlled trial. J Investig Med. 2022;70(7):1529–35.

	37.	 Srinivasan S, Singh P, Kulothungan V, Sharma T, Raman R. Relationship 
between triglyceride glucose index, retinopathy and nephropathy in 
Type 2 diabetes. Endocrinol Diabetes Metab. 2021;4(1): e00151.

	38.	 Jang CM, Hyun YY, Lee KB, Kim H. Insulin resistance is associated with 
the development of albuminuria in Korean subjects without diabetes. 
Endocrine. 2015;48(1):203–10.

	39.	 Grube D, Wei G, Boucher R, Abraham N, Zhou N, Gonce V, et al. Insulin 
use in chronic kidney disease and the risk of hypoglycemic events. 
BMC Nephrol. 2022;23(1):73.

	40.	 Bjornstad P, Nehus E, Bacha F, Libman IM, McKay S, Willi SM, et al. Insu-
lin sensitivity and diabetic kidney disease in children and adolescents 
with type 2 diabetes: an observational analysis of data from the TODAY 
clinical trial. Am J Kidney Dis. 2018;71(1):65–74.

	41.	 Juraschek SP, Chang AR, Appel LJ, Anderson CA, Crews DC, Thomas L, 
et al. Effect of glycemic index and carbohydrate intake on kidney func-
tion in healthy adults. BMC Nephrol. 2016;17(1):1–10.

	42.	 Giardino I, Edelstein D, Brownlee M. BCL-2 expression or antioxidants 
prevent hyperglycemia-induced formation of intracellular advanced 
glycation endproducts in bovine endothelial cells. J Clin Investig. 
1996;97(6):1422–8.

	43.	 Pieper GM, Langenstroer P, Siebeneich W. Diabetic-induced endothe-
lial dysfunction in rat aorta: role of hydroxyl radicals. Cardiovasc Res. 
1997;34(1):145–56.

	44.	 King GL, Brownlee M. The cellular and molecular mechanisms of dia-
betic complications. Endocrinol Metab Clin. 1996;25(2):255–70.

	45.	 Engerman R, Kern T, Larson M. Nerve conduction and aldose reductase 
inhibition during 5 years of diabetes or galactosaemia in dogs. Diabe-
tologia. 1994;37:141–4.

	46.	 Taher MM, Garcia JG, Natarajan V. Hydroperoxide-induced diacylglycerol 
formation and protein kinase C activation in vascular endothelial cells. 
Arch Biochem Biophys. 1993;303(2):260–6.

	47.	 Ishii H, Jirousek MR, Koya D, Takagi C, Xia P, Clermont A, et al. Ameliora-
tion of vascular dysfunctions in diabetic rats by an oral PKC β inhibitor. 
Science. 1996;272(5262):728–31.

	48.	 Cochrane SM, Robinson GB. In vitro glycation of glomerular basement 
membrane alters its permeability: a possible mechanism in diabetic 
complications. FEBS Lett. 1995;375(1–2):41–4.

	49.	 Dengel DR, Goldberg AP, Mayuga RS, Kairis GM, Weir MR. Insulin resist-
ance, elevated glomerular filtration fraction, and renal injury. Hyperten-
sion. 1996;28(1):127–32.

	50.	 Huh JH, Ahn SV, Choi JH, Koh SB, Chung CH. High serum irisin level as an 
independent predictor of diabetes mellitus: a longitudinal population-
based study. Medicine. 2016;95(23):e3742.

	51.	 Du X-L, Jiang W-X. Lower circulating irisin level in patients with diabetes 
mellitus: a systematic review and meta-analysis. Horm Metab Res. 
2016;48(10):644–52.

	52.	 Mahmoodnia L, Sadoughi M, Ahmadi A, Kafeshani M. Relationship 
between serum irisin, glycemic indices, and renal function in type 2 
diabetic patients. J Renal Inj Prev. 2017;6(2):88.

	53.	 Thomas SS, Dong Y, Zhang L, Mitch WE. Signal regulatory protein-α inter-
acts with the insulin receptor contributing to muscle wasting in chronic 
kidney disease. Kidney Int. 2013;84(2):308–16.

	54.	 Bailey JL, Wang X, England BK, Price SR, Ding X, Mitch WE. The acidosis 
of chronic renal failure activates muscle proteolysis in rats by augment-
ing transcription of genes encoding proteins of the ATP-dependent 
ubiquitin-proteasome pathway. J Clin Investig. 1996;97(6):1447–53.

	55.	 Ding H, Gao X-L, Hirschberg R, Vadgama JV, Kopple JD. Impaired actions 
of insulin-like growth factor 1 on protein synthesis and degradation in 
skeletal muscle of rats with chronic renal failure. Evidence for a postre-
ceptor defect. J Clin Investig. 1996;97(4):1064–75.

	56.	 Thomas SS, Zhang L, Mitch WE. Molecular mechanisms of insulin resist-
ance in chronic kidney disease. Kidney Int. 2015;88(6):1233–9.

	57.	 Rui L, Fisher TL, Thomas J, White MF. Regulation of insulin/insulin-like 
growth factor-1 signaling by proteasome-mediated degradation of 
insulin receptor substrate-2. J Biol Chem. 2001;276(43):40362–7.

	58.	 Rui L, Yuan M, Frantz D, Shoelson S, White MF. SOCS-1 and SOCS-3 block 
insulin signaling by ubiquitin-mediated degradation of IRS1 and IRS2. J 
Biol Chem. 2002;277(44):42394–8.

	59.	 Song Y-H, Li Y, Du J, Mitch WE, Rosenthal N, Delafontaine P. Muscle-
specific expression of IGF-1 blocks angiotensin II–induced skeletal muscle 
wasting. J Clin Investig. 2005;115(2):451–8.

	60.	 Zhang L, Du J, Hu Z, Han G, Delafontaine P, Garcia G, et al. IL-6 and serum 
amyloid A synergy mediates angiotensin II–induced muscle wasting. J 
Am Soc Nephrol. 2009;20(3):604–12.

	61.	 Lilien MR, Groothoff JW. Cardiovascular disease in children with CKD or 
ESRD. Nat Rev Nephrol. 2009;5(4):229–35.

	62.	 Fukuda A, Wickman LT, Venkatareddy MP, Sato Y, Chowdhury MA, Wang 
SQ, et al. Angiotensin II-dependent persistent podocyte loss from desta-
bilized glomeruli causes progression of end stage kidney disease. Kidney 
Int. 2012;81(1):40–55.

	63.	 Meyer TW, Bennett PH, Nelson RG. Podocyte number predicts long-term 
urinary albumin excretion in Pima Indians with Type II diabetes and 
microalbuminuria. Diabetologia. 1999;42(11):1341–4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Associations of dietary insulin load and dietary insulin index with diabetic nephropathy and reduced kidney function among women: a case–control study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Method and materials
	Subjects
	Data collection
	Blood parameters
	Dietary assessment
	Statistical analysis

	Results
	Characteristics of participants across cases and controls
	Demographic characteristics between the DIL and DII groups
	Dietary intakes of study subjects according to DIL and DII groups
	The association between DIL and DII adherence with reduced kidney function

	Discussion
	Conclusion
	Acknowledgements
	References


