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ABSTRACT
Background/Aims: This study is aimed to compare the effects of nutrition which has been enriched with different amounts of gluten to 
gluten-free diets on weight gain, diabetogenic state, hematological, and biochemical parameters.
Materials and Methods: A total of 40 newly weaned male Wistar albino rats used in the study were randomized into 4 different groups 
based on the gluten rations they were given. Following 12 weeks of diet they were killed and intracardiac blood samples were collected. 
Groups were identified as group 1 (n = 10): control group; normal rat ration containing wheat, group 2 (n = 10): gluten-free diet, group 3 
(n = 10): ration containing medium level of gluten (normal rat diet + 6% vital gluten) and group 4 (n = 10): ration containing high level of 
gluten (normal rat diet + 12% vital gluten).
Results: In groups 3 and 4, high-density lipoprotein was found to be higher than the other 2groups. However, when group 2 results were 
compared to the other groups; the highest T3, T4, creatinine and B12 levels and the lowest gluten-specific IgE level were observed. ala-
nine aminotransferase and aspartate aminotransferase levels were found to be higher in group 1 compared to the other 3 groups. No 
statistically significant difference was detected between the groups in terms of other parameters.
Conclusion: This study provides evidence that a gluten-containing diet does not cause weight gain, has no diabetogenic effect, and also 
does not adversely affect general health in relation to hematological, biochemical, and various endocrinological parameters.
Keywords: Gluten, gluten-free diet, weight gain, diabetogenic, glycemia, thyroid functions

INTRODUCTION
Gluten is a vegetable protein found in cereals, such as 
wheat, barley, and rye, and it consists of glutenin and gli-
adin fractions. Gluten is primarily associated with celiac 
disease (CD), nonceliac gluten sensitivity, and wheat 
allergy, accounting for an incidence of 1%, 0.63%-6%, 
and 0.1%-0.6%, respectively.1-3

Within the last 30 years, the gluten-free diet (GFD) mar-
ket has grown disproportionately in relation to the inci-
dences of gluten-associated diseases. Currently, several 
food companies create a health halo effect, such as GFD, 
with their preliminary information on the package infor-
mation on their product packaging, leading to manipula-
tion of consumer preferences.4 In 2016, more than $15.5 
billion was spent for retail sales of gluten-free foods, 
which was double the amount spent in 2011. A 2013 
study found that 65% of American adults believe that 
gluten-free foods are healthier, and 27% choose gluten-
free products to aid in weight loss.5,6 However, cereals 

are affordable and easily accessible, and they are one of 
the main components of the Mediterranean diet, which 
is considered one of the healthiest diets worldwide.7 In 
the Mediterranean, the mean daily gluten consumption is 
particularly high (approximately 20 g, and even higher in 
some other countries).2,7,8

What is the validity of the claims that a gluten-containing 
diet could lead to certain health problems? CD and type 
1 diabetes (T1D) are closely correlated. In a small-scale 
study, patients with T1D and CD were shown to benefit 
from a GFD in avoiding certain diabetes complications.5 
However, whether a GFD is beneficial for patients without 
CD is unknown.5,9

The link between type 2 diabetes (T2D), metabolic syn-
drome, and the development of CD has not been eluci-
dated.5 CD is also associated with other autoimmune 
diseases (AIDs), particularly endocrine disorders, such as 
T1D and autoimmune thyroiditis.10
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However, in more than 100 AIDs, strict gluten avoidance 
is recommended only in gluten-associated conditions, 
such as CD, dermatitis herpetiformis, and gluten ataxia. 
Nevertheless, a GFD is not recommended in other AIDs 
due to a lack of well-controlled, double-blind, cross-sec-
tional, and long-term studies.9

CD occurs only in genetically susceptible individu-
als. HLA-DQ2 (~95%) or HLA-DQ8 (~5%) are present 
in most patients with CD.11 The only effective treat-
ment for CD is GFD, which is reported in 1% of the 
population.3

Currently, no evidence supports that a GFD has a ben-
eficial effect on weight gain, diabetogenic effects, hema-
tological, biochemical, and various endocrinological 
parameters in individuals without CD. Additionally, the 
effect of gluten on liver and thyroid functions in those 
without CD is also not fully known. Therefore, this study 
aimed to investigate weight gain, diabetogenic status, 
and changes in hematological, biochemical, and various 
endocrinological parameters in rats fed with a GFD and 
diets enriched with varying amounts of vital gluten. Thus, 
40 newly weaned male Wistar albino rats were randomly 
divided into 4 groups of 10, and each group was fed 4 dif-
ferent diets based on their gluten content (standard diet, 
GFD, 6% vital gluten-supplemented diet, and 12% vital 
gluten-supplemented diet). After 12 weeks, the rats were 
killed, and intracardiac blood samples were collected and 
analyzed.

MATERIALS AND METHODS
This study was approved by Başkent University Ethical 
Committee for Experimental Research on Animals 
(Project no: DA18/31) and was conducted at the 
Laboratory Animal Production and Research Center of 
Başkent University. All animal experiments followed the 
principles of animal care (NIH publication no. 85–23, 
revised 1985) and the national laws on the Protection 
of Animals.12

Rats
Forty male Wistar albino that were weaned at 3 weeks 
were used. After the completion of breastfeeding, the rats 
were divided into 4 groups by using a simple random sam-
pling method and were fed 1 of 4 different amounts of 
gluten-containing rations for 12 weeks. During this period, 
the rats had free access to food and acidified drinking 
water. They were kept at a room temperature of 20-22°C 
with a 12-hour light–12-hour darkness (12L : 12D) cycle. 

Experimental Design
In this study, the rats were randomly divided into 4 differ-
ent groups.13

Group 1 (control group, n = 10) was fed with standard rat 
ration containing 22% total protein and 2901 kcal/kg.

Group 2 (GFD group, n = 10) was fed with a gluten-free 
ration containing 22% total protein and 3165 kcal/kg. The 
diet did not contain wheat protein and corn starch.

Group 3 (normal/standard rat diet + 6% vital supple-
mented gluten, n = 10): rats were fed with a ration 
containing medium gluten, 22% total protein, and 
3075 kcal/kg.

Group 4 (normal/standard rat diet + 12% vital supple-
mented gluten, n = 10) was fed with a ration containing 
high gluten, 22.8% total protein, and 3157 kcal/kg. The 
diet did not include corn starch (Table 1).

Their weekly weight gain and daily–weekly feed consump-
tion data were collected. After 12 weeks of diet, the rats 
were killed by decapitation under intraperitoneal xylazine 
and ketamine anesthesia, and intracardiac blood samples 
were collected.

Ration Preparation
In the gluten-free group, the gluten-containing ingredi-
ents were replaced with meat protein while maintaining a 
similar content of protein, fat, fiber, minerals, and energy. 
Otherwise, in the medium and high gluten groups, meat 
protein was replaced with vital supplemented gluten while 
keeping the same content of wheat, soybean, milk, and 
meat protein. All group diets were equally supplemented 
with vitamins, minerals, and amino acids (Table 1). In this 
study, the protein (gluten) content of wheat was evalu-
ated as 80%.12

We set the isocaloric nutrition provided to the rats at 
2900 kcal with breeding and maintenance feeds suitable 

Main Points
• There was no difference between the gluten-free group 

and the other groups in terms of weight gain, serum glu-
cose, and insulin levels.

• Diets containing moderate and high levels of gluten had 
a positive effect by raising high-density lipoprotein levels.

• It was found that T3, T4, creatinine, and vitamin B12 levels 
of the gluten-free diet group were higher than the other 
groups.
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for the growth period. The feeds were given ad libitum 
and designed as isonitrogenic to prevent the develop-
ment of differences between the rats. The rats received 
natural chow, classified as maintenance and breeding 
foods, which provided 22.0%-22.8% protein, 2901-3165 
kcal, and 5% cellulose. Although the rats in group 1 were 
fed with natural feed, specially prepared feeds were used 
for the other groups. When the feed preparation for the 
gluten-free group (group 2) was completed, the feeds for 
groups 1, 3, and 4 were prepared similarly but with differ-
ent gluten amounts (Table 1).

Hematological and Serum Biochemical Analyses
The blood samples were separated using a serum separa-
tor tube and allowed to coagulate at room temperature 
for 2 hours or overnight at 2-8°C. The samples were cen-
trifuged at 1000 ×g (or 3000 rpm) for 15 minutes. The 
sera were immediately aliquoted, and were stored at 
−20°C or −80°C.

C-reactive protein (CRP), fasting blood glucose, fasting 
insulin, liver function tests, lipid profile, urea, creatinine, 

thyroid autoantibodies, thyroid function, vitamin 
B12, ferritin, folic acid, and gluten-specific Ig E levels 
were analyzed in this study. A complete blood count 
was used for hemogram (Sysmex XN2000, Sysmex, 
Germany).

Serum glucose, urea, creatinine, alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), total cholesterol (TC), triglyceride, 
low-density lipoprotein (LDL), high-density lipoprotein 
(HDL), very-low-density lipoprotein (VLDL), and CRP 
concentrations were determined using Beckman AU5811 
(Beckman, California, USA ) commercial kits. Specific glu-
ten IgE concentration was measured using F79 Gluten 
Siemens Immulite 2000 (Siemens, Germany) commercial 
kit. Ferritin, folic acid (B9), vitamin B12, free triiodothy-
ronine (FT3), free thyroxine (FT4), thyroid-stimulating 
hormone (TSH), anti-thyroglobulin (anti-Tg), and anti-
thyroid peroxidase (anti-TPO) levels were determined 
using Abbott İ2000 (Abbott, USA ) commercial kits. The 
insulin level was analyzed using an enzyme-linked immu-
nosorbent assay.

Table 1. Composition of the Test Rations (g/100g) Modified from Funda et al12 Ration Arrangement Based on the Human Nutrition Model

Ration Content (g/100g)
Group 1

Normal Rat Ration
Group 2

Gluten-Free Ration

Group 3
Normal Rat Ration + 

6% Vital Gluten
(Medium Gluten)

Group 4
Normal Rat Ration + 

12% Vital Gluten
(High Gluten)

Total protein 22 22 22 22.8

Wheat protein* (g/100 g) 3.5 – 3.5 3.5

Soy protein (g/100 g) 6.5 6.5 6.5 5.0

Corn starch (g/100 g) 3.0 – 3.5 –

Gluten (vital supplement) – – 6 12.0

Meat protein (g/100 g) 8.0 14.5 1.5 1.5

Milk protein (g/100 g) 1.0 1.0 1.0 0.8

Dry matter (g/100 g) 87.76 87.76 87.76 87.76

Raw oil (g/100 g) 5.50 5.50 5.50 5.50

Fiber (g/100 g) 5.00 5.00 5.00 5.00

Mineral (g/100 g) 7.74 7.74 7.74 7.74

Lysine (g/100 g) 1.31 1.31 1.31 1.31

Methionine (g/100 g) 0.50 0.50 0.50 0.50

Threonine (g/100 g) 0.83 0.83 0.83 0.83

Tryptophan (g/100 g) 0.20 0.20 0.20 0.20

Methionine + cysteine (g/100 g) 0.86 0.86 0.86 0.86

Water 5.7 4.2 4.9 5.2

Energy (kcal/kg) 2.901 3.165 3.075 3.157
*Eighty percent of wheat protein is gluten.
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Statistical Analysis
Statistical analysis was performed using the Number 
Cruncher Statistical System software (NCSS 2007, 
Kaysville, Utah, USA). Study data were compared using 
the Kruskal–Wallis test for quantitative variables (mean, 
standard deviation, median, etc.), and the Bonferroni–
Dunn test was used for subgroup comparisons (post hoc 
assessment).

RESULTS
In this study, the rats were fed gluten-free and gluten-
containing diets throughout their lives. The rats in all 
groups remained healthy throughout the experiment. 

Although feed consumption and weight gain were high 
between the third and eighth weeks in groups 3 and 4, 
the weight gain difference between the groups was not 
statistically significant (Figures 1 and 2).

The differences in insulin, serum glucose, TC, LDL, VLDL, 
triglyceride, urea, folic acid, ferritin, TSH, anti-Tg, anti-
TPO, and CRP levels were not statistically significant 
between the groups. Moreover, hematological param-
eters were not statistically different between the groups.

The difference between the mean T3 values of the rats 
in groups 2 and 3 (P2-3: .001; P < .01) was statistically sig-
nificant. According to the pairwise comparison results, 
there was a statistically significant difference in T4 levels 
between groups 2 and 1 and between groups 2 and 3 (P2-1: 
.006; P2-3: .006; P < .01) (Table 2). In addition, the T3 and 
T4 levels in the GFD group were higher than those in the 
other groups.

The mean serum gluten-specific Ig E level in the rats in 
the GFD group was lower than that of the other groups 
(P2-1: .005, P2-3: .005, P2-4: .005; P < .01) (Table 2), and their 
difference was statistically significant.

The mean serum vitamin B12 and creatinine levels of the 
rats in the GFD group were higher than those of the other 
groups. In the pairwise comparison statistical analyses, 
the difference between the vitamin B12 level of the GFD 
group and other groups was significant (P2-1: .001, P2-3: 
.001, P2-4: .001;  P < .01). The difference between the cre-
atinine levels of the GFD group and group 4 was also sig-
nificant (P2-4: .011; P < .001) (Table 2).

The mean serum HDL levels of the rats in groups 3 and 
4 were higher than those of the rats in other groups. 
According to the pairwise comparison results, a statisti-
cally significant difference was found between groups 
3 and 1 and between groups 3 and 2 in HDL levels (P3-1: 
.003, P3-2: .003; P < .01) (Table 2).

The serum ALT and AST levels of the rats in group 1 
were higher than those of the rats fed with a gluten-
free ration and rations containing different amounts of 
vital gluten (P1-3: .001, P1-4: .001; P < .01). The difference 
between the mean AST levels of the rats in groups 1 
and 4 was statistically significant (P1-4: .046; P < .05) 
(Table 2).

DISCUSSION
Animal model studies with vital gluten-added rations 
in the literature are unable to adequately represent the 
high amount of cereal consumption, especially because 
many beneficial food ingredients are present in whole 
grain, such as fiber, vitamins, minerals, and antioxidants, 
in addition to gluten.14 Fibers and antioxidants in cere-
als prevent the development of many chronic illnesses, 
such as T2D, cardiovascular disease, and obesity.15 This 
study showed that the ratio in group 1 contains a simi-
lar amount of wheat gluten as the mean amount in the 
human diet.

Figure 1. Mean weekly feed consumption of the rats in each group.

Figure 2. Weekly mean cumulative body weight gain.
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Some celebrities claimed GFD to cause weight loss and 
improve athletic performance.4,5 When the average 
weights of the rats in groups 1, 2, 3, and 4 were exam-
ined at the end of the 12th week; 274.3091 g, 272.1909 g, 
20.9727 g, and 273.8273 g, respectively. Based on these 
findings, it can be inferred that there is no correlation 
between gluten consumption and weight gain (Figures 1 
and 2).

The main characteristic of T1D is the autoimmune 
destruction of the pancreatic beta cells, leading to a lack 
of insulin production. In animal models, this deficiency in 
insulin production is achieved by different mechanisms, 
ranging from chemical ablation of the beta cells to breed-
ing rodents that spontaneously develop autoimmune dia-
betes.16 However, we did not manipulate our rats in this 
study.

Gluten consumption is a disease-initiating factor in CD 
and might also have a role in T1D development. Studies 
performed in T1D animal models have reported that diet 
affects the pathogenesis. Although some studies suggest 
that GFD may preserve beta cell function, other studies 
have not found this effect.17

Interestingly, Funda et al12 showed that both gluten-free 
and gluten-enriched (gluten+) nonpurified diets substan-
tially prevent diabetes in nonobese diabetic mice.

Shetty et al18 observed no diabetogenic effect after 
adding 100, 200, and 400 mg/kg pure gluten to the 
ration in Wistar albino rats. Therefore, removing gluten 
from the diet is not necessary for T2D prevention and 
management.

In this study, it was shown that the serum glucose/insulin 
ratio is 0.27, 0.27, 0.24, and 0.26 in groups 1, 2, 3, and 4, 
respectively, with gluten-free and normal ration groups 
having the highest ratio. Insulin and serum glucose lev-
els were normal in groups 3 and 4 (Table 2). Thus, more 
studies with a larger population are needed to evaluate 
the effect of gluten on insulin resistance.

No studies in the literature focused on GFDs in non-
celiac patients with Hashimoto’s disease (HD). No evi-
dence supports that GFD is beneficial for HD. GFD does 
not affect the concentration of thyroid hormones, and 
an anti-inflammatory diet (mostly plant-based) should 
be implemented due to the ongoing inflammatory pro-
cess in the body. CD is observed in 1% of the general 
population, whereas HD is 5%. Gluten should only be 

eliminated in patients with CD or gluten sensitivity, 
which may coexist with HD. GFD reduces the anti-TPO 
levels in patients with HD with coexisting CD. However, 
GFD has no effect on the TSH levels in patients with 
HD.19,20

Passali et al21 concluded that no evidence supports the 
recommendation of GFD in patients with multiple sclero-
sis, psoriasis, autoimmune thyroid diseases (ATDs), or T1D 
without CD.

In the present study, we investigated the effects of diets 
containing different gluten amounts on thyroid function 
in the absence of CD and ATD. The T3 and T4 levels in 
the GFD group (group 2) were higher than those in the 
other groups (Table 2). The TSH levels were similar in all 
groups. Carrier proteins in circulation store thyroid hor-
mones. GFD may affect the binding of free T3 and T4 to 
thyroid-binding globulin. Thus, more studies are needed 
to understand the effects of GFD on thyroid hormone-
binding globulin.

Liver abnormality is one of the associated extraintesti-
nal manifestations of CD. Transaminase elevation is seen 
in 9% of patients with CD without any other reason. 
Initiating GFD in these patients may improve and nor-
malize liver enzyme abnormality.22 Moghaddam et al23 
showed that some patients with CD had reversible liver 
enzyme abnormality that improved with GFD. Purkins 
et al24 showed that serum transaminase activity and tri-
glyceride concentrations substantially increased after 
consuming a high-calorie diet rich in carbohydrates. 
Katayama et al25 reported that high gluten consump-
tion in male Wistar albino rats that received high-dose 
d-galactosamine (GalN) and endotoxin (Etx) protected 
against liver injury.

In the present study, ALT and AST levels in group 1 were 
higher than those in the gluten-free group and the groups 
fed with diets containing different amounts of vital gluten 
(Table 2). Both low TC and HDL levels are known charac-
teristics of active CD. Treating CD using GFD may increase 
TC and HDL levels.26 GFD is associated with a high HDL 
level, which may have been due to the higher amount of 
saturated fat in GFD.26

In their cross-sectional study, Gnanapandithan27 found 
that GFD in subjects with and without CD did not 
cause a change in LDL, triglyceride, and insulin levels. 
Additionally, GFD is associated with high HDL levels in 
both CD and non-CD groups. However, they concluded 
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that no scientific evidence showed that GFD is particu-
larly healthy for the general population.

Elkan et al28 showed that the TC, LDL, and LDL/HDL 
ratios were significantly reduced with the adminis-
tration of a vegan GFD in patients with rheumatoid 
arthritis; however, TG and HDL levels did not change. 
Another study investigated the effects of wheat fiber 
and gluten on the lipid profile and concluded that glu-
ten positively contributed to the serum lipid profile 
independent of dietary fiber, which was consistent with 
other studies.29

In the present study, the HDL levels of the rats in groups 3 
and 4 were found to be high (Table 2). Compared with the 
other groups, group 2 had the lowest Ig E value (Table 2), 
which may have been due to the absence of wheat in 
the diet of rats in this group. Moreover, the carbohydrate 
consumption in group 2 was lower than that in the other 
groups (Table 1). Additionally, Aspergillus spp., Fusarium 
spp., Alternaria spp., Claviceps spp., and similar fungi may 
have been consumed by the food group whose metabo-
lite was contaminated with mycotoxins. However, per-
forming mycotoxin analyses of feed groups in the study 
was not possible. 

Compared with the other groups, the GFD group showed 
the highest serum creatinine and vitamin B12 lev-
els (Table 2). In this study, it was shown that the total 
amount of protein in the diet of all groups is 22 g. The 
higher serum creatinine and vitamin B12 levels in the GFD 
group might be because of the higher use of animal pro-
tein in this group compared with the other groups.

The difference in hematology, feed consumption, 
weight, folic acid, ferritin, CRP, ESR, FBG, insulin, TSH, 
anti-Tg, anti-TPO, TC, triglyceride, VLDL, and LDL lev-
els was not statistically significant between the rats fed 
with GFD and diets containing different amounts of glu-
ten (Table 2).

In this study, evidence that a gluten-containing diet does 
not cause weight gain, has no diabetogenic effect, and 
does not adversely affect general health in relation to 
hematological, biochemical, and various endocrinological 
parameters.

Cereals have been the basis of our diet for thou-
sands of years and one of the main components of the 
Mediterranean diet, which is considered one of the 
healthiest diets worldwide. However, recommending GFD 

to the public without medical indications is not scientifi-
cally based, except in conditions such as CD. 
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