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Background: In recent decades, the prevalence of chronic diseases such as diabetes is increasing. One of the major complications of diabetes is diabetic nephropathy (DN), so it is important to find a way that can delay or control the onset of DN. Therefore, in this study, we investigated the relationship between the Mediterranean diet (MED) and the odds of DN.

Methods: This case–control study was performed among 210 women (30–65 years) who were referred to the Kowsar Diabetes Clinic in Semnan, Iran. Biochemical variables and anthropometric measurements were assessed. The food frequency questionnaire (FFQ) was used to calculate dietary intakes. Data from dietary intakes based on the FFQ were used to evaluate the MED score. Logistic regression was used to examine the associations.

Results: Our results showed that in the crude model with higher adherence to the MED (OR: 0.272; 95% CI: 0.154, 0.481; P = 0.001), the odds of DN has reduced by 73%, and in model 1, after controlling for potential confounders, with higher adherence to the MED (OR: 0.239; 95% CI: 0.128, 0.447; P = 0.001), the odds of DN has reduced by 76% compared to low adherence. Also, in model 1, significant associations were observed between high consumption of grains (OR: 0.360; 95% CI: 0.191, 0.676; P = 0.001), legumes (OR: 0.156; 95% CI: 0.083, 0.292; P = 0.001), vegetables (OR: 0.273; 95% CI: 0.149, 0.501; P = 0.001), fruits (OR: 0.179; 95% CI: 0.093, 0.347; P = 0.001), fish (OR: 0.459; 95% CI: 0.254, 0.827; P = 0.01), and reduced odds of DN (P < 0.05).

Conclusion: We observed that with higher adherence to the MED, the odds of DN had reduced through mechanisms. However, additional studies are needed to confirm these findings.
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Introduction

In recent years, diabetes mellitus (DM) had a wide prevalence in the world (1, 2). Studies showed that the rate of diabetes will increase by 70% between 2010 and 2030 (3–5). Diabetes microvascular complications are nephropathy, retinopathy, and neuropathy (6). Due to its prevalence and complications, it has caused much concern. Diabetic nephropathy (DN) is one of the most common complications of diabetes, which leads to end-stage kidney disease (ESRD), a risk factor for cardiovascular disease (CVD) (7, 8), and 4 million deaths per year in the world are caused by DN (5, 9–11). Approximately 50% of ESRDs in the world are caused by diabetes (12). DN is a condition in which high blood pressure, reduced kidney function, and macroalbuminuria occur (urinary albumin excretion >300 mg/day) (11, 13). DN prevalence in Iran was predicted to be about 31% (11). Major risk factors of DN are ethnicity, family history, dyslipidemia, hypertension, insulin resistance, gestational diabetes, obesity, dyslipidemia, and hypertension, which some of them are modifiable risk factors (14–16). Blood sugar and hypertension can be controlled by diet (17, 18). Also, adherence to a plant-based diet and consuming less processed foods can have positive effects on DN (19). Among these diets, we can mention the dietary approaches to stop hypertension diet (DASH) and the MED.

Diets high in sugar, salt, and fats, by the progression of hyperglycemia, hypertension, and dyslipidemia, worsened DN (20). Also, the accumulation of advanced glycation end-products (AGEs), through the effect on dyslipidemia and hyperglycemia, has a relationship with DN (21). Previous studies showed that adherence to the MED can reduce AGEs and have a positive effect on blood glucose and probably on hypertension (22–26). The main characteristic of the MED is the high consumption of plant foods (consumption of large amounts of vegetables, whole-grain breads with minimal processing, nuts, seeds, legumes, other cereals, and fresh fruits) and olive oil. In the MED, consumption of cold-pressed extra-virgin olive oil (EVOO), seeds, and nuts as the main source of fat is recommended, with low to medium consumption of dairy products, as well as moderate consumption of poultry, eggs, and fish and low consumption of red meat (approximately once a week) (27, 28). In this diet, sweets are rarely consumed, and the consumption of wine is low to moderate amounts, during meals (29). Despite the general characteristics of the MED, the number and proportion of meals per week for the MED components vary widely (29). Studies showed that following the MED has a protective role in lowering HbA1c, controlling blood sugar, reducing insulin resistance, and lowering fasting blood sugar levels and mortality (23–25). In fact, by good blood sugar control, the risk of diabetes complications can be reduced in the short medium, and long terms (30).

Based on the information mentioned earlier, it seems that adherence to the MED may reduce the odds of DN, so it is important to investigate this issue.



Methods and materials


Subjects

This case–control study was performed among 210 participants, with 105 cases and 105 controls who were referred to the Kowsar Diabetes Clinic in Semnan, Iran, from July to December 2016. Women aged 30–65 years with type 2 diabetes (TD2) who had a 3- to 10-year history of T2D were enrolled in this study. Diabetes diagnosis in this study is based on the American Diabetes Association's new diagnostic criteria: glycosylated hemoglobin (HbA1c) ≥ 6.5%, fasting blood glucose (FBG) ≥ 126 mg/dl, or 2-h post-load blood glucose (2hrBG) ≥ 200 mg/dl (31). The participants were excluded from the study if they had a previous history of cancer, autoimmune disorders, liver disease, coronary angiography, myocardial infarction, or stroke. Also, if the participants' response to the FFQ was poor and/or the total energy intake of the participants was <500 or >3,500 kcal per day, they would be excluded from the study. All participants read and signed written informed consent to participate in this study. This study is a secondary analysis (21, 32). The study protocol was approved by the ethics committee of the Tehran University of Medical Sciences (TUMS) with the following identification: IR.TUMS.REC.1395.2644.



Anthropometric measurements

Participants' body weight (kg) was measured while subjects wore light clothes without shoes. The body mass index (BMI) was calculated by dividing weight by the square of height (kg/m2). Diabetes duration, age, and smoking status were recorded.



Dietary assessment

Through face-to-face interviews, the dietary intake of participants over the past year was assessed using a validated food frequency questionnaire (33). Food intakes were reported and recorded yearly, monthly, weekly, or daily and then converted to gram per day using household measurements. Using the residual method, the obtained amounts were adjusted for energy intake (20). Using NUTRITIONIST 4 (First Data Bank, San Bruno, CA) software, dietary intakes were analyzed.



Calculating MED score

A modified scale constructed by Trichopoulou et al. was used to determine the degree of adherence to the MED (34). A value of 0 or 1 was assigned to each of the eight components. For beneficial components (vegetables, legumes, fruits and nuts, grains, and fish), a value of 0 was assigned for participants whose consumption was under the median consumption, and a value of 1 was assigned for participants whose consumption was at or above the median. For components supposed to be harmful such as poultry, meat, and dairy products, participants with consumption below the median were assigned a value of 1, and a value of 0 was considered for participants with at or above the median. For fat intake, the ratio of monounsaturated to saturated lipids was used. Due to the lack of reliable information on alcohol consumption in Iran, alcohol consumption was removed from the scale. Finally, the total MED score ranged from 0 (minimum adherence to MED) to 8 (maximum adherence).



Assessment of DN

DN is defined as the ratio of urinary albumin to creatinine (ACR) ≥ 30 mg/g in a random spot urine sample (35).



Assessment of blood pressure

Systolic and diastolic blood pressure were measured on the left arm by using a manual sphygmomanometer while participants were sitting after a resting period of ≥5 min.



Blood parameters

Biochemical variables included FBG, 2hrBG, HbA1c, kidney function tests [blood urea nitrogen (BUN), total serum creatinine (Cr)], and lipid profile such as total cholesterol (TC), low-density lipoprotein cholesterol (LDL_C), high-density lipoprotein cholesterol (HDL_C), and triglycerides (TG) was obtained from participants' past 3-month medical records (32).



Assessment of other variables

Demographic information including height, weight, age, medical history, and medication use was obtained through a demographic questionnaire. The participants' physical activity was assessed using the International Physical Activity Questionnaire (IPAQ) (31). The scoring criteria of this questionnaire indicated three levels of physical activity. The score <600 metabolic equivalent of task-hours/week was considered low physical activity, a score between 600 and 3,000 MET-h/week as moderate physical activity, or high physical activity when the score is >3,000 MET-h/week.



Statistical analysis

The normality of the quantitative variables was evaluated using the Kolmogorov–Smirnov test. Quantitative variables including age, height, weight, and BMI were compared between cases, and controls were described as mean ± standard deviation (SD), using the independent t-test, and for categorical variables, frequency (%) was used. One-way ANOVA and chi-square tests were used for quantitative variables and categorical variables across the low adherence and high adherence to the MED between cases and controls and to characterize the distribution of the qualitative variables across the low adherence and high adherence to the MED between cases and controls.

Logistic regression was used to determine the association between food groups and odds of DN. Variables including BMI, A1C, total energy intake, and MED were controlled in adjusted models. SPSS software (Version 25, SPSS Inc., Chicago, IL, USA) was used to analyze data. P < 0.05 was considered statistically significant.




Results


General characteristics of study population among cases and controls

A total of 210 participants as cases and controls were included in the present analysis. The general characteristics of the total subjects are presented here and in Table 1. The median (interquartile range) of the age of the total subject was 57 (9) years, and their BMI was 27.52 (6) kg/m2; 32.7% of total subjects have low physical activity. The mean (SD) of age in cases was 55.33 (7.03) years, and the mean (SD) of BMI in cases was 28.70 (4.74) kg/m2. Serum albumin in cases was 14.40 (11.94) mg/dl, which was higher than that of controls (P = 0.001). HbA1c in cases was 8.66 (1.41)%, which was higher than that of controls (P = 0.001). TC in cases was 185.15 (38.12) mg/dl, which was higher than that of controls (P = 0.047). Also, LDL cholesterol in cases was 106.86 (0.004) mg/dl, which was higher than that of controls (P = 0.004). Serum creatinine in cases was 0.92 (0.16) mg/dl, which was higher than that of controls (P = 0.030). ACR in cases was 232.18 (114.07) mg and in controls 18.67 (5.92) mg, which was higher than that in cases (P = 0.001). Means of drug usage presented are for the cases. Among drug usage, ARB mean (SD) was 60 (57.1) (P = 0.038) and ACIE was 44 (67.7) (P = 0.001), which were higher than those in cases. Between the cases and the controls, there was no significant difference in any other characteristics (P > 0.05).


TABLE 1 General characteristics of study population.
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General characteristics of study population among low and high adherence to MED

General characteristics of the study population among low and high adherence to the MED are shown in Table 2. There was a significant difference in the mean of BUN (P = 0.039) in cases between low and high adherence to the MED. There was a significant difference in the mean of ACIE (P = 0.034) between low and high adherence to the MED. As a result, individuals with high adherence to the MED significantly had lower BUN mean in cases and lower usage of ACIE, so there are fewer participants with DN.


TABLE 2 General characteristics of study population among MED adherence.
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Dietary intakes of subjects according to the adherence to MED score

Dietary intakes of subjects with low adherence and high adherence to MED scores are shown in Table 3. There was a significant mean difference in energy intake between the low and high adherence to the MED (P = 0.001), as well as a significant mean difference in carbohydrate intake between the low and high adherence to the MED (P = 0.004). There was a significant mean difference in vitamin B1, vitamin B2, Mn, and total fiber between the low and high adherence to the MED (P = 0.003). There was a significant mean difference in vitamin B3, vitamin B6, iron, selenium, chromium, and sodium between the low and high adherence to the MED (P = 0.001). There was a significant mean difference in calcium between the low and high adherence to the MED (P = 0.002) and phosphorous between the low and high adherence to the MED (P = 0.004). There was a significant mean difference in biotin between the low and high adherence to the MED (P = 0.008).


TABLE 3 Dietary intakes of subjects according to the adherence to MED score.
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There was a significant mean difference in the intake of grains, legumes, vegetables, and nuts between the low and high adherence to the MED (P = 0.001), which was higher in those with high adherence to the MED, except for grains. There was a significant mean difference in the fruit intake between the low and high adherence to the MED (P = 0.016), and also a significant mean difference in fish intake between the low and high adherence to the MED (P = 0.013). There was a significant mean difference in meat intake between the low and high adherence to the MED (P = 0.014), which was higher in high adherence to the MED. There was a significant mean difference in total fiber intake between the low and high adherence to the MED (P = 0.003).



The association between MED adherence, its components, and odds of DN

Logistic regression was used to examine the associations in crude and adjusted models with confounder variables (BMI, A1C, and total energy intake). The association between MED adherence, its components, and odds of DN in the crude and adjusted models is presented in Table 4.


TABLE 4 Association between MED adherence, its components, and odds of DN (n = 210).
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In the crude model, a significant association was seen between high adherence to the MED (OR: 0.272; 95% CI: 0.15, 0.48; P = 0.001) and odds of DN compared to low adherence, which reduced the odds of DN by 73%.

A significant association was seen between high consumption of grains (OR: 0.481; 95% CI: 0.27, 0.83; P = 0.009) and odds of DN, which reduced the odds of DN by 52%. A significant association was seen between high consumption of legumes (OR: 0.153; 95% CI: 0.08, 0.27; P = 0.001) and odds of DN, which reduced the odds of DN by 85%, and a significant association between high consumption of vegetables (OR: 0.272; 95% CI: 0.15, 0.48; P = 0.001) and odds of DN, which reduced the odds of DN by 73%. A significant association was seen between high consumption of fruits (OR: 0.239; 95% CI: 0.13, 0.42; P = 0.001) and odds of DN, which reduced the odds of DN by 76%, and a significant association between high consumption of fish (OR: 0.427; 95% CI: 0.24, 0.75; P = 0.003) and odds of DN, which reduced odds of DN by 57%. Also, a significant association was seen between high consumption of meat (OR: 2.641; 95% CI: 1.51, 4.60; P = 0.001) and odds of DN, which increased the odds of DN by 2.64 times, and a significant association between high consumption of MUFA and SAFA (OR: 2.538; 95% CI: 1.45, 4.42; P = 0.001) and odds of DN, which increased the odds of DN 2.53 times.

In model 1, after controlling for BMI, A1C, total energy intake, and diabetes duration, a significant association was seen between high adherence to the MED (OR: 0.240; 95% CI: 0.128, 0.448; P = 0.001) and the odds of DN compared to low adherence, which reduced the odds of DN by 76%, and a significant association between high consumption of grains (OR: 0.356; 95% CI: 0.189, 0.672; P = 0.001) and the odds of DN, which reduced the odds of DN by 64%.

A significant association was seen between high consumption of legumes (OR: 0.149; 95% CI: 0.079, 0.283; P = 0.001) and odds of DN, which reduced the odds of DN by 84%, and a significant association between high consumption of vegetables (OR: 0.272; 95% CI: 0.148, 0.501; P = 0.001) and odds of DN, which reduced the odds of DN by 73%.

A significant association was seen between high consumption of fruits (OR: 0.179; 95% CI: 0.093, 0.347; P = 0.001) and odds of DN, which reduced the odds of DN by 82%, and a significant association between high consumption of fish (OR: 0.456; 95% CI: 0.252, 0.822; P = 0.009) and odds of DN, which reduced the odds of DN by 54%.

A significant association was seen between high consumption of meat (OR: 2.406; 95% CI: 1.345, 4.304; P = 0.003) and odds of DN, which increased the odds of DN 2.39 times, and a significant association between high consumption of MUFA and SAFA (OR: 2.429; 95% CI: 1.358, 4.344; P = 0.003) and odds of DN, which increased the odds of DN 2.38 times.




Discussion

We investigate the association between MED and DN among women. This is the first study that investigates the relationship between MED and DN among women. Based on our results, higher adherence to the MED leads to lower odds of DN.

According to our results, adherence to the MED has reduced the odds of DN, and this association was significant. Our results are consistent with those of other studies. One study showed that more adherence to the MED could decrease the likelihood of DN (36). A cohort study showed that the MED did not affect DN after 6 years of follow-up (37). Adherence to healthy diets like the MED has a positive effect on cardiometabolic risk factors like blood pressure (38–40), blood glucose level (41, 42), and lipid profile (43, 44). A study has revealed that adherence to the MED can reduce the odds of the estimated glomerular filtration rate (e-GFR) (45). Other mechanisms by which adherence to the MED affect DN is the anti-inflammatory and antioxidant profile of the MED (46, 47). Patients who adhered to the MED had lower HbA1c levels, and their blood sugar levels were controlled (36, 41, 42, 48). Some studies have revealed that adherence to the MED can decrease blood pressure (49, 50) and overweight (48, 51, 52). So it appears that adherence to the MED may reduce the odds of DN.

According to previous studies, a high intake of fruits and vegetables has positive effects on T2D, and these effects are because of their fiber, antioxidants, vitamins and minerals, and phytochemical contents (53, 54). Consumption of fruit and vegetables can reduce adiposity and weight gain, which are the risk factors for DN and diabetes (54).

Our results showed that consumption of grains is higher in the group with low adherence, and the consumption of meat is higher in the group with high adherence. It could be because participants with low adherence to the MED do not have a good food pattern, so grain consumption in these participants is higher than that in the group with high adherence. Also, in the group with high adherence to the MED, due to the better food pattern, meat consumption in these participants is higher than that in the group with low adherence.

According to our results, by consuming MUFA and SAFA, the odds of DN were increased. Some studies showed that high consumption of MUFA can reduce the FBS and HbA1c levels (55, 56). In patients with diabetes, consumption of SAFA resulted in albuminuria (57–59), and a lower intake of SAFA was associated with the better renal function (57). SAFA can increase hs-CRP and pro-inflammatory markers that contribute to high albuminuria (59). In terms of MUFA, some studies showed that MUFA is associated with the onset of T2D and its complications (60–64). By consuming fatty acids, the composition of fatty acids in the cell membrane will be changed and affect membrane fluidity, cell signaling, and gene expressions (53). Consistent with our results and the results of some studies, one study demonstrated that MUFA intake was not associated with improvements in renal function (57).

It has been shown that lower consumption or withdrawal of red meat from the diet has a good effect on renal function and CVD risk factors in people with DN (65), and this effect may be related to different amino acids like arginine and glycine (65).

One of the important components of the MED is legumes. Legumes as a rich source of dietary fiber can improve insulin resistance and reduce the risk of obesity, T2D, and CVD (66–70). The alpha-amylase inhibitory peptide as a component of legumes can reduce the metabolism of carbohydrates and control the postprandial glycemic response (71).

According to studies, consuming fish can improve renal hemodynamics, reduce proteinuria, control arterial blood pressure, and slow renal dysfunction (72–75). Consistent with our results, the studies showed that omega-3 fatty acids have a significant effect on DN (76). Omega-3 fatty acids can reduce inflammation by inhibiting inflammatory signaling like toll-like receptor 4 (TLR4) (77).

There are some strengths in this study; our study population was from the same location in the same period, and we used an FFQ that was validated and reliable. Despite strengths, this study has some limitations. Our population consists of only women, and because of this, we cannot generalize our results to society. The urine sample for albumin alone without simultaneously measuring urine creatinine (Cr) is susceptible to false-negative and false-positive determinations as a result of variations in the urine concentration due to hydration. Another limitation is not using the original full scale with nine items. It is important that studies with a larger sample size investigate this association.



Conclusion

We observed that women with high adherence to the MED and high consumption of grains, legumes, vegetables, fruits, and fish had lower odds of DN through the mentioned mechanisms. However, additional studies are needed to confirm these findings.
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Variables MED score
Low High OR (95% CI) P-value

N (case/control) (66/39) (36/69)
MED adherence Crude  1.00 (Ref) 0272 (0.154, 0.481) 0.001
Model 1 100 (Ref) 0240 (0.128,0.448)  0.001
Grains (g/d) Crude 100 (Ref) 0481(0.277,0.834)  0.009
Model 1 100 (Ref) 0356 (0.189,0.672)  0.001
Legumes (g/d) Crude 100 (Ref)  0.153(0.084,0279)  0.001
Model 1 100 (Ref) 0149 (0079,0.283)  0.001
Vegetables (g/d) Crude 100 (Ref)  0272(0.157,0.481)  0.001
Model 1 100 (Ref) 0272 (0.148,0.501)  0.001
Fruits (g/d) Crude 100 (Ref) 0239 (0.135,0.426)  0.001
Model 1 100 (Ref) 0179 (0.093,0.347)  0.001
Dairy (g/d) Crude 100 (Ref) 1121 (0.652,1.926) 0679
Model 1 100 (Ref) 1083 (0614,1.909) 0782
Fish (g/d) Crude 100 (Ref) 0427 (0.242,0.753)  0.003
Model 1 100 (Ref) 0456 (0252,0.822) 0009
Meat (g/d) Crude  1.00 (Ref) ~ 2.641 (1.513,4.609) 0.001

Model 1 100 (Ref) 2406 (1.345,4304) 0003
MUFA and SAFA (mg/d) Crude 100 (Ref) ~ 2.538 (1.456,4.426)  0.001
Model 1 1.00 (Ref) 2429 (1.358,4.344) 0003
Nuts (g/d) Crude 100 (Ref) 0736 (0.427,1.268)  0.269
Model 1 1.00 (Ref) 0737 (0.417,1302) 0293

SAFA, saturated fatty acid; MUFA, monounsaturated fatty acid.
Dataarepre

ted as odds ratio (95% confidence interval).

Intakes were divided into two Mediterranean diet components, beneficial compon
(vegetables, legumes, fruits and nuts, grains, and fish) and harmful components (poultry,
meat, and dairy products).

Model 1: Adjusted for BMI, A1C, total energy intake, and diabetes duration.

Low adherence was considered the reference group.

Pvalues obtained from adjustment. All of the p-values obtained from the anal
binary logistic regression.

Povalue < 0.05 was considered significant, and 0.05, 0.06, and 0.07 were considered
inally s

marg ificant.
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Variables Total (N = 210)

Demographic characteristics and anthropometry

Age (year) 5749
Body weight (kg) 7216
Height (cm) 160£8
BMI (kg/m? 2752%6
Blood pressure

SBP (mmHg) 12450 £26
DBP (mmHg) 8020
Blood parameters

Albumin (mg/dl) 10£9
Hemoglobin (g/dl) 127417
FBS (mg/dl) 155456
Postprandial BS (mg/dl) 2004 68
HB ALC (%) 805+ 1.9
TC (mg/dl) 17650 45
TG (mg/dl) 16572
LDL (mg/dl) 100 47
HDL (mg/dl) 45£13
Creatinine (mg/dl) 09£022
BUN (mg/dl) 16£5
ACR (mg/g) 30352199
Vit D (ng/mL) 25418
Qualitative variables (%)

Nephropathy 105 (50)
Physical activity

Low 68 (324)
Moderate 70 (33.3)
High 72(34.3)

:, angiotensin-conve

ing enzyme inhibitors; ARB, angiotensin receptor blockers;
BMI, body mass index; BS, blood sugar; DBP, diastolic blood pressure; FBS, fasting
blood sugar; Hb, hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
ipoprotein cholesterol; SBP, systolic blood pressu total cholesterol;
triglycerides Vit D, vitamin D; ACR, urine albumin-to-creatinine ratio

P-value: independent totest.

a
Values are represented as median  interquartile range.
Categorical variables: N (%).
P-values < 0.05 were considered significant.

uare was used for categorical variables.
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Qualitative variables 1 (%)
CVD history (%)
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Metformin
Sulfonylurea
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Low

Moderate

High

ACIE,

disease; DBP, diastolic blood pressure; FBS, fasting blood sugar; HB, hemoglobin; HD]
C, total cholesterol; TG, triglyceride.

blood pressure; T, tertil
Povalue: ANOVA was used.
Chi-
Valug
Categorical variables: N (%).
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17 (70.8)

39(65)
31(705)
16 (80)
67 (64.4)
45 (63.4)
18 (69.2)

201
25(59.5)
21(65.6)

angiotensin-converting enzyme inhibitors; ACR, albumin

uare was used for categorical variables.
are represented as means  SD.

< 0.05 were considered significant.

56.08 £ 6.65
733641235
160.05 £ 6.10
2863£4.72
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o-creatinine ratio; ARB, angiot

P-value
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0.66

0.486

0964

0957
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0125
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0300
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0204
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0381

0595

(n=35)

5490 £7.02
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2626£4.73

118.49  16.02
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1120 £8.18
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167.54 4 49.97
21626 £ 52.70
8424124
17871 £28.17
164.37 45,034
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090£0.14
1674 £4.02
28.09421.23
1945 £6.16
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