Ebrahimi et al. Nutrition Journal (2023) 22:37 Nutrition Journal
https://doi.org/10.1186/512937-023-00860-x

RESEARCH Open Access

®

Check for
updates

Association of major dietary patterns

with advanced glycation end products
and high-sensitivity C-reactive protein
in people with type 1 diabetes mellitus

Zohreh Ebrahimi', Zahra Shojaeian', Fatemehsadat Amiri"", Ahmad Esmaillzadeh? Omid Sadeghi?,
Alireza Esteghamati®, Seyed Adel Jahed® and Sara Sedaghat®

Abstract

Background The associations of diet with serum levels of advanced glycation end products (AGEs) and high-
sensitivity C-reactive protein (hs-CRP) have been examined in patients with type 2 diabetes mellitus (T2DM). However,
data on patients with type 1 diabetes mellitus (T1DM) are limited. Therefore, this study was conducted to investigate
the associations of major dietary patterns with serum levels of AGEs and hs-CRP among patients with T1DM.

Methods A total of 229 patients with TIDM participated in this current cross-sectional study. We collected dietary
data using a validated food frequency questionnaire (FFQ). The factor analysis approach was used to determine
major dietary patterns. A fasting blood sample was collected from each participant to assess serum levels of AGEs
and hs-CRP. The associations of dietary patterns with elevated levels of AGEs and hs-CRP were assessed using binary
logistic regression.

Results Patients with T1DM in the highest tertile of a Western dietary pattern had 4.32 times higher odds of having
elevated AGEs than those in the lowest tertile (OR: 4.32, 95% Cl: 1.86-10.05). Additionally, adherence to the Western
diet was associated with 2.97 times greater odds of having elevated hs-CRP (>3 mg/L) (OR: 2.97, 95% Cl: 1.22-7.24) in
these patients. Such positive associations were not observed for unhealthy and traditional dietary patterns. Moreover,
higher adherence to a semi-healthy diet (characterized by high consumption of white meat, whole grains, processed
meat, and a low salt intake) was associated with 87% lower odds of having elevated hs-CRP (OR: 0.13, 95% Cl: 0.05—
0.35). However, we found no significant association between the semi-healthy diet and AGEs levels.

Conclusion We found that adherence to a Western dietary pattern was associated with elevated levels of AGEs/
hs-CRP in patients with T1DM. Also, we discovered a significant inverse association between adherence to a semi-
healthy diet and hs-CRP levels.
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Introduction

Type 1 diabetes mellitus (T1DM), with an annual inci-
dence of 3—4%, is increasing worldwide [1]. Uncontrolled
diabetes may cause acute and long-term complications,
which cause increased morbidity and mortality [2]. In
addition to abnormal glucose hemostasis and hyper-
lipidemia, increased levels of advanced glycation end
products (AGEs) may contribute to the etiology of diabe-
tes complications [3]. Previous studies have shown that
increased levels of AGEs are associated with elevated
levels of inflammatory biomarkers and oxidative stress
[4]. In addition, AGEs contribute to various microvascu-
lar and macrovascular complications by forming cross-
links between molecules in the basement membrane of
the extracellular matrix and by engaging the receptor for
advanced glycation end products (RAGE) [5].

AGEs are formed by irreversible non-enzymatic reac-
tions between reducing sugars, such as glucose and
fructose, and amino groups in proteins, lipids, and
nucleic acids [6]. Therefore, uncontrolled hyperglycemia
increases the production of AGEs in T1DM patients due
to hyperglycemic environments, and diet can affect the
production of endogenous AGEs by influencing glucose
homeostasis. Prior studies suggested that Western foods,
such as grilled and broiled meats and french fries, con-
tain high amounts of pro-inflammatory AGEs [7]. How-
ever, recent studies concluded that the increasing effect
of these foods on AGEs levels is not higher than other
foods [8, 9]. In addition, there is a lack of consistent evi-
dence to support the assertion that dietary AGEs are sig-
nificant sources of pro-inflammatory AGEs [7].

High-sensitivity C-reactive protein (hs-CRP) is one of
the well-recognized markers for inflammation and has
been associated with many complications and chronic
diseases among patients with diabetes [10]. Diet can
affect serum levels of inflammatory biomarkers [11]. Pre-
vious studies suggested that adherence to a diet rich in
vegetables and fruits, whole grains, nuts, and plant oils,
with a low amount of meat, sweetened drinks, processed
foods, and solid fats was associated with lower hs-CRP
levels [10, 12]. However, few studies have examined
the association between diet and hs-CRP levels among
patients with T1IDM.

Previous studies on the association between diet and
serum levels of AGEs and hs-CRP have mainly focused
on non-diabetic patients or patients with T2DM. There-
fore, little attention has been paid to patients with
T1DM. Also, most studies assessed the intakes of indi-
vidual nutrients, foods, and food groups in relation to
AGEs and hs-CRP levels, while data on dietary patterns
are scarce. The dietary pattern approach in assessing
diet-disease relations is better than focusing on a single
food or nutrient intake due to decreasing the co-linear-
ity problem which might occur when assessing single
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food and nutrient intakes [10, 13]. Given the importance
of AGEs and hs-CRP levels in patients with TIDM and
the influence of diet on these biomarkers, this study was
conducted to assess the associations of major dietary pat-
terns with serum levels of AGEs and hs-CRP in patients
with TIDM.

Materials and methods

Study design and participants

This cross-sectional study was done on patients with
T1DM who were referred to the Gabric Diabetes Educa-
tion Association in Tehran, Iran, diabetes clinics in Teh-
ran city, and Imam Khomeini hospital in Tehran, Iran.
We included patients if they (1) had T1DM for >1 year,
(2) had an age range of >18 years, and (3) were treated
with insulin. Also, we excluded patients who had a severe
hypoglycemic episode (requiring assistance) during the
last 3 months, pregnant women, patients with severe
diabetes complications (advanced microvascular and
macrovascular complications), those who experienced
hyperglycemia-induced ketoacidosis in the last month,
and patients with other autoimmune diseases such as
celiac disease. We first included 252 patients with TIDM
based on the inclusion and exclusion criteria. Partici-
pants were invited to the Nutrition Clinic of Iran Univer-
sity of Medical Sciences, Tehran, Iran, for data collection.
Trained interviewers gathered the required information
on socio-demographic characteristics, physical activity,
and dietary intakes. In addition, participants were asked
to arrive in a fasting state for the collection of biologi-
cal samples. After collecting data and excluding patients
with incomplete data and those who had reported energy
intake out of 800-4200 kcal [14], 229 patients were
included in the current analysis. The study protocol was
approved by the ethics committee of the Iran Univer-
sity of Medical Sciences, Tehran, Iran (IR.IUMS.REC
1395.9411323001). The written informed consent form
was gathered from each participant.

Sample size calculation

In the current study, we calculated the required sample
size by considering the type 1 error of 5% («¢=0.05) and
the difference between diabetic patients and healthy indi-
viduals in terms of AGEs levels based on the study of
Kalousovi et al., in which AGEs levels in diabetic patients
were 24% higher than healthy individuals [15]. The fol-
lowing formula was used for sample size calculation:

x P(1—P) 1)

a=conventional multiplier for alpha=0.05 that was 1.96.
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P=The difference between diabetic patients and
healthy individuals in terms of AGEs levels based on
Kalousova et al. study [15]: 24%.

d=the accuracy of estimation which was considered
25% of P in the current study: 0.06.

Based on this formula, we required 195 participants
in the current cross-sectional study. However, data from
229 participants were included in the current analysis.

Dietary intake assessment

Dietary intakes were assessed using a validated block-for-
mat 168-item food frequency questionnaire (FFQ). This
questionnaire was designed specifically for Iranian adults
[16]. Also, previous studies on diet-disease associations
confirmed the reliability and validity of the questionnaire
[17-19]. Two experienced interviewers fulfilled FFQ for
each participant. Based on this questionnaire, partici-
pants were asked to report their dietary intakes in a day,
week, month, or year format. Moreover, they reported
their intakes based on the serving size of each food item.
To increase the estimates’ accuracy, interviewers showed
household measures or serving sizes of each food item
to participants [20]. Finally, based on the consumption
frequency of each item and serving size, we calculated
the gr/day intake for each food item. In addition, we
calculated the daily nutrient intake for each participant
according to the nutrient content of all foods. The US
Department of Agriculture’s national nutrient databank
was used to obtain the nutrient content of foods [21].

Construction of dietary patterns

We first merged the food items (in FFQ) to obtain 19
food groups for the construction of major dietary pat-
terns (Supplementary Table 1). This combination was
done based on the similarity of the nutrient content of
food items [22]. Four food items, including potato, may-
onnaise sauce, salt, and tea/coffee were considered indi-
vidually in dietary pattern construction because of their
unique nutrient contents or their contribution to a spe-
cific dietary pattern (Supplementary Table 1). In total, 23
food groups or items were included in the factor analysis
to identify major dietary patterns. We performed the fac-
tor analysis with the orthogonal transformation (varimax
procedure). Obtained factors were retained for additional
analysis based on Eigen values obtained in the scree plot.
In the current study, we kept factors with Eigen values
of >1.35 to determine major dietary patterns. The fac-
tor score for each pattern was calculated by summing the
intakes of food groups or items weighted by their factor
loadings, and each participant received a factor score for
each identified pattern. A higher score for each pattern
was associated with greater adherence to that pattern.
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Anthropometric and biochemical assessment

Weight was measured with minimum clothing, without
shoes, using a digital scale with an accuracy of 100 g.
Standing height was measured using a stadiometer with
an accuracy of 0.5 cm without shoes, flat feet against a
wall, and arms at the sides [23]. BMI was calculated as
weight (kg)/ height (1;2).

A 12 ml fasting blood sample was collected from each
individual for biochemical assessment. Then, blood was
centrifuged (RPM: 4000 and time: 10 min), fractioned
into different aliquots, and stored in the freezer (-80 °C).
Serum concentrations of AGEs were determined using
the ELISA Kit (ZellBio GmbH, Germany) with an intra-
assay CV of <10% and an inter-assay CV of <12%. Serum
levels of hs-CRP were measured by the immunoturbidi-
metric method (Pars Azmoon, Tehran, Iran). In the cur-
rent study, we considered the third tertile of AGEs levels
as elevated AGEs. Furthermore, the hs-CRP concentra-
tions of 23 mg/L were considered elevated hs-CRP. Based
on multiple epidemiological and intervention studies and
also according to the American Heart Association, dif-
ferent levels of hs-CRP have been associated with future
major cardiovascular risk (hs-CRP<1 mg/L=low risk;
1-3 mg/L=intermediate risk; 3-10 mg/L=high risk;
>10 mg/L=unspecific elevation) among diabetic patients
[24, 25]. Since the high risk of cardiovascular disease
was important in the current study, we considered hs-
CRP 23 mg/L as high hs-CRP.

Assessment of other variables

Data on age, gender (male/female), education (univer-
sity graduated/ non-university education), marital status
(married/single), smoking (never or ex-smoker/current
smoker), DM-related training (yes/ no), DM duration
(>10y/ 10>y), and drug use (yes/no) were collected from
each participant through a face-to-face interview using
a research-made questionnaire. Furthermore, we used
the International Physical Activity Questionnaire (IPAQ)
to assess physical activity. All results of the IPAQ were
expressed as metabolic equivalents per week (MET-h/
week). This questionnaire was previously validated for
the Iranian population [26].

Statistical analyses

To evaluate the association between adherence to dietary
patterns and outcome variables, we first categorized indi-
viduals based on the tertiles of dietary patterns’ scores.
Then, the one-way analysis of variance (ANOVA) was
applied to examine the differences in continuous vari-
ables across tertiles of dietary patterns. In addition, the
distribution of participants in terms of categorical vari-
ables across the tertiles of dietary patterns’ scores was
assessed using the Chi-square test. We used binary logis-
tic regression in different adjusted models to evaluate the
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associations of dietary patterns with elevated levels of
AGEs and hs-CRP. First, we included age (continuous),
gender (male/female), and energy intake (continuous)
in model 1 to assess whether the obtained associations
were mediated by these variables or not. In the second
model, we additionally adjusted for smoking (never or
ex-smoker/current smoker), duration of diabetes (=10
y/<10 y), DM-related training (yes/no), physical activity
(continuous), and drug use (yes/no) because these vari-
ables might be associated with dietary intakes and AGEs/
hs-CRP levels. In the last model, further adjustment was
made for BMI (continuous) to evaluate the influence of
obesity on obtained associations. In all analyses, indi-
viduals in the first tertile of dietary patterns’ scores were
considered as a reference group. We treated the tertile
categories as an ordinal variable in the binary logistic
regression to evaluate the overall trend of odds ratios
across increasing tertiles of dietary patterns’ scores. All
analyses were performed using the statistical software
package IBM SPSS Statistics version 18. P-values were
considered significant at <0.05.

Results

The mean age of study participants was 32.31+10.96
years, and 61.7% were female. In addition, 27.4%
of patients with TIDM had high levels of hs-CRP

Table 1 Food loading matrix for major dietary patterns
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(>3 mg/L). We identified four dietary patterns based on
the factor analysis (Table 1). The first dietary pattern,
the “Western” dietary pattern, was characterized by high
consumption of snacks, potatoes, sweets and desserts,
pizza, sweetened drinks, and egg. The second pattern
was an “unhealthy” dietary pattern with a high content of
red and organ meats, refined grains, solid fats, and a low
amount of fruits, vegetables, legumes, and low-fat dairy
products. The “traditional” dietary pattern was associated
with high intakes of nuts, liquid oils, high-fat dairy prod-
ucts, mayonnaise sauce, and dried fruits. The last pattern
was a “semi-healthy” dietary pattern characterized by
high consumption of white meat, whole grains, processed
meat, and a low intake of salt. The four dietary patterns
explained 34.29% of the whole variance in dietary intakes.

Demographic characteristics of patients with T1DM
across tertiles of dietary patterns’ scores are shown in
Table 2. Compared with the lowest tertile of the Western
dietary pattern scores, patients with TIDM in the highest
tertile were younger and were less likely to be female and
married. Moreover, there was a significant difference in
terms of participants’ age and gender and diabetes dura-
tion across tertiles of unhealthy dietary pattern scores.
Greater adherence to the traditional dietary pattern
was associated with lower BMI and DM-related train-
ing. In addition, participants in the third tertile of the

Food group Dietary patterns

“Western”

“Unhealthy”

“Traditional” “Semi-healthy”

Snack 0.765
Potato 0.532
Sweets and desserts 0515
Pizza 0472
Sweetened drinks 0428
Eggs 0422

Vegetables

Legumes

Low-fat dairy products
Fruits

Refined grains

Red meats & Organ meats
Solid fats

Dried fruits

Liquid oils

High-fat dairy products
Mayonnaise sauce
Nuts

White meats

Whole grains
Processed meats

Salt

Tea and coffee
Variance explained (%)

10.02

-0.596
—0.559
—0.506
-0.468
0.409
0.287
0.212
0.608
0.551
0457
0410
0.349
0.803
0451
0429
-0418

9.16 7.58 7.52

The highest factor loadings values were remained for simplicity
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semi-healthy dietary pattern were more likely to be uni-
versity educated and less likely to be female and current
smokers compared with those in the first tertile. No other
significant difference was observed in this regard.

The dietary intakes of participants across tertiles of
dietary patterns’ scores are indicated in Table 3. Greater
adherence to the Western dietary pattern was associated
with higher intakes of red meat, low-fat dairy products,
energy, protein, carbohydrate, fat, sodium, calcium, fiber,
and a lower intake of nuts. Considering the unhealthy
dietary pattern, participants in the top tertile had greater
intakes of red meat and fat and lower intakes of fruits,
vegetables, low-fat dairy products, nuts, energy, pro-
tein, sodium, calcium, and fiber compared with those in
the bottom tertile. Individuals with a higher adherence
to the traditional dietary pattern had greater intakes of
fruits, vegetables, red meat, nuts, whole grains, energy,
protein, carbohydrate, fat, sodium, calcium, and fiber.
Also, a higher score for the semi-healthy dietary pattern
was related to higher intakes of fruits, red meat, nuts,
whole grains, energy, protein, carbohydrate, fat, sodium,
calcium, and fiber. Other differences in dietary intakes
among the tertiles of dietary patterns’ scores were not
significant.

Multivariable-adjusted OR and 95% CI for elevated lev-
els of AGEs and hs-CRP across the tertiles of dietary pat-
terns’ scores are shown in Table 4. A significant positive
association was found between adherence to the Western
dietary pattern and AGEs (OR: 4.84, 95%CI: 2.29-10.23).
This association was significant even after controlling for
demographic characteristics, energy intake, DM-related
training, physical activity, drug use, and BMI so that indi-
viduals in the highest tertile of the Western diet had 4.32
times greater odds for having elevated AGEs compared
with those in the lowest tertile (OR: 4.32, 95% CI: 1.86—
10.05). No other significant association was seen between
dietary patterns and elevated levels of AGEs.

Moreover, there was a significant positive association
between the Western diet and elevated levels of hs-CRP
(>3 mg/L) (OR: 3.11, 95% CI: 1.43-6.73). After taking
potential confounders into account, individuals in the top
tertile of the Western diet were 2.97 times more likely to
have elevated hs-CRP compared with those in the low-
est tertile (OR: 2.97, 95% CI: 1.22-7.24). We also found a
significant inverse association between the semi-healthy
dietary pattern and elevated hs-CRP levels (OR: 0.36,
95% CI: 0.17-0.76) so that after taking potential con-
founders into account, participants in the highest tertile
of the semi-healthy dietary pattern had 87% lower odds
of elevated hs-CRP compared with those in the lowest
tertile (OR: 0.13, 95% CI: 0.05-0.35). There was no other
significant association between major dietary patterns
and hs-CRP levels.
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Discussion

In the current study, we found that adherence to the
Western dietary pattern was positively associated with
elevated levels of AGEs in type 1 diabetic patients. More-
over, there was a significant positive association between
the Western diet and increased levels of hs-CRP, while
the semi-healthy dietary pattern was inversely associated
with hs-CRP levels. These associations were obtained
after taking potential confounders into account. In
contrast, we found no significant association between
unhealthy/traditional dietary patterns and AGEs/hs-CRP
levels among T1DM patients.

Diabetes mellitus is a public health problem around
the world [1]. AGEs contribute to the pathophysiology of
various diseases such as vascular diseases in diabetes [15,
27]. In addition, AGEs have deleterious effects on gastro-
intestinal tract through their contribution to markedly
altering the gut structure leading to increased intestinal
permeability and reduced expression of enteric neurons,
as well as to reshaping the microbiota composition [28].
AGEs can be formed in the systemic circulation due to
hyperglycemia (endogenous AGEs) [29] and also in the
gut (enterically formed FruAGEs) due to unabsorbed
fructose which results from intake of unpaired fructose
[7]. Therefore, uncontrolled hyperglycemia increases the
rate of protein glycation and therefore the production of
endogenous AGEs [29]. High-glycemic index (GI) diets,
such as the Western diet, increase the severity of hyper-
glycemia in diabetic patients [30].

In the current study, adherence to a Western dietary
pattern containing high amounts of snacks (French
fries, chips, and puff), sweets and desserts, pizza, sweet-
ened drinks, potatoes, and eggs was associated with
elevated levels of AGEs. Western diet is a fructose- and
glucose-rich diet [31]. Fructose stimulates insulin secre-
tion less than glucose and glucose-containing carbo-
hydrates [32]. In addition, the presence of sweetened
beverages (a combination of fructose and glucose) in
the Western diet can increase the glucose levels in dia-
betic patients and subsequently enhance the chance of
protein glycation [33]. The positive association between
the Western diet and hyperglycemia was also confirmed
in previous studies [34—36]. However, rapid clearance of
plasma fructose after dietary fructose ingestion makes it
unlikely that fructose would have time to affect protein
glycation significantly [32]. Furthermore, circulating lev-
els of fructose are significantly lower than glucose [37].
Therefore, glucose has a more important role in endog-
enous protein glycation compared with fructose [32]. In
addition, high-fructose diets result in a high amount of
fructose in the gut and then increase the production of
enterically formed AGEs (FruAGEs) in the presence of
free amino acids [7]. This is the “fructositis” hypothesis,
which states that intake of foods and beverages with high
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fructose-to-glucose ratios (>1:1) promotes the intestinal
formation of readily absorbed, pro-inflammatory extra-
cellular, newly identified, fructose-associated AGEs [7].
Based on the DeChristopher et al. study, fruits such as
apple, fruit juice, and high-fructose corn syrup (HFCS)
have a fructose-to-glucose ratio of >1:1. In the current
study, the Western diet contained a low amount of fruits
and fruits juice. In addition, the beverages in the pattern
were usually sweetened with sugar or sucrose with a 1:1
ratio of fructose-to-glucose. Therefore, the positive asso-
ciation between the Western pattern and AGEs levels in
the current study cannot be mediated by intestinal for-
mation of AGEs. Also, based on the DeChristopher et al.
study, fructose may increase the intestinal formation of
AGEs when the fructose absorption was not complete.
In addition to the role of protein and carbohydrate, the
Western diet has a high amount of fat. Li et al. reported
that adherence to a high-fat diet was associated with ele-
vated serum and visceral levels of AGEs [38].

Unlike our study, in the Semba et al. study, fast food
intake was not associated with elevated serum AGEs [8].
The Semba findings were consistent with the study of
Sebekova et al., in which the consumption of high-heat-
treated foods (grilled, broiled, and fried meats) was not
correlated with AGEs levels in omnivores [9]. Although
it is proposed that fast foods such as snacks and pizza
contain a high amount of AGEs [8], DeChristopher et al.
reported that data on the positive association between
fast foods and AGEs levels are limited and inconsistent
[7].

It must be kept in mind that sweetened drinks and
desserts in Iran are sweetened with sucrose rather than
HFCS because Iran does not produce or import HFCS
[39]. No studies have assessed the difference between
HEFCS and sucrose in terms of their effects on circulat-
ing AGEs. However, the levels of fructose and glucose are
comparable. HFCS contains a higher amount of fructose
compared to sucrose [40]. Therefore, sucrose provides
a lower amount of unabsorbed fructose in the gut and
maybe a lower production of enterically formed AGEs
(FruAGEs) compared to HFCS [7]. However, sucrose
contains a high amount of glucose and may increase the
endogenous production (protein glycation in the blood)
of AGEs [40]. Overall, future studies should compare the
effects of HFCS and sucrose on AGEs in diabetic patients.

In the current study, we found no significant associa-
tion between the semi-healthy dietary pattern and serum
levels of AGEs in diabetic patients. In the current study,
this dietary pattern contains whole grains and white and
processed meats. In the Semba et al. study [8], intakes
of whole grains and chicken were positively associated
with serum levels of AGEs; however, no significant asso-
ciation was reported for intakes of fish and processed
meats such as sausage and hamburger. The inconsistency
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might be explained by the different qualities of whole
grain foods across different countries. In Iran, the bran
of grains is removed during food processing and there-
fore limited types of whole grain foods are available to
people. In addition, different cooking methods among
different nations are another reason for the observed
inconsistency.

In this study, adherence to a Western diet was associ-
ated with increased levels of hs-CRP in patients with
T1DM. The Western diet contained a high amount of
snacks (French fries, chips, and puff), sweets and des-
serts, pizza, sweetened drinks, potatoes, and eggs; all the
foods have high inflammatory potential. Consistent with
our findings, Lopes et al. reported a positive association
between ultra-processed food intake and CRP levels in
adult women [41]. Another cross-sectional study also
reported such a positive association [42]. It is well-known
that fast foods are rich in trans and saturated fatty acids,
which increase the concentrations of inflammatory bio-
markers [43]. These fatty acids seem to stimulate inflam-
matory signaling pathways by a process involving toll-like
receptor (TLR) 4 and subsequently nuclear factor-kB that
increases the expression of several inflammatory genes
[43, 44].

We found that adherence to a semi-healthy dietary pat-
tern (high consumption of white meat, whole grains, pro-
cessed meat, and a low intake of salt) was associated with
reduced levels of hs-CRP. In agreement with our results,
the Multi-Ethnic Study of Atherosclerosis showed that
adherence to a dietary pattern containing a high amount
of whole grains and a low amount of sodium was inversely
associated with serum concentrations of CRP, IL-6, and
homocysteine [45]. In a cross-sectional study, adherence
to a prudent pattern characterized by higher intakes of
fruit, vegetables, legumes, fish, poultry, and whole grains
was associated with reduced levels of CRP [46]. Whole
grains contain a high amount of antioxidants, fiber, and
magnesium with anti-inflammatory properties [47, 48].

This was the first study that examined the association
between major dietary patterns and AGEs/hs-CRP levels
among patients with TIDM. However, some limitations
should be considered when interpreting our findings.
First, our study had a cross-sectional design, which made
us unable to draw any causal link between dietary pat-
terns and AGEs/hs-CRP levels in patients with TIDM.
Second, we could not perform subgroup analyses based
on gender and BMI status due to the low sample size.
Third, we controlled for a wide range of potential con-
founders; however, the potential effects of residual con-
founders cannot be excluded. Fourth, despite using a
validated FFQ for dietary assessment, some degree of
measurement errors and misclassification may have
occurred, and we cannot entirely exclude this possibility
from our study.
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Conclusion

We found that adherence to a Western dietary pattern
(high consumption of snacks, potatoes, sweets and des-
serts, pizza, sweetened drinks, and eggs) was associated
with increased levels of AGEs and hs-CRP in patients
with T1IDM. In addition, adherence to a semi-healthy
diet (high consumption of white meat, whole grains, pro-
cessed meat, and a low salt intake) was associated with
reduced levels of hs-CRP in these patients. We found no
significant association for other dietary patterns includ-
ing unhealthy and traditional dietary patterns. Overall,
based on our findings, TIDM patients should adhere to
a diet containing a high amount of whole grains and a
low amount of fast foods, sweets and desserts, sweetened
drinks, and salty foods to prevent long-term complica-
tions of diabetes. In addition, the intake of white meats,
instead of red meats, is recommended. However, these
recommendations should be confirmed in well-designed
randomized controlled trials.
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