
Abstract
Objective: Mast cells found to be an important contributor
to inflammation, obesity, diabetes and atherosclerosis. We
evaluate the ability of ketotifen to reduce cardiovascular
risk in patient with type 2 diabetes millets (T2DM).

Method: In a randomized controlled study we recruited
forty eight patients with T2DM from Internal Medicine
Department at Tanta University Hospital, Egypt. They were
classified in to three groups. Group 1: received glimepiride
(GL) 3 mg/day alone; group 2: received GL 3 mg/day
+ketotifen 1 mg once daily; group 3: received GL 3 mg/day
+ketotifen 1 mg twice daily. Fasting blood samples were
obtained before and 12 weeks after treatment for
biochemical analysis of IL-6 and lipid profile with
subsequent calculation of Castelli index 1 and atherogenic
coefficient. Body mass index was also calculated for all
patients. Data were analyzed by paired student's t-test and
one way analysis of variance, p<0.05 was considered
statistically significant.

Results: The obtained data suggested that ketotifen in its
twice daily dose significantly improves lipid profile and
decreases IL-6 level, castelli index 1 and atherogenic
coefficient.

Conclusions: Mast cell stabilization with ketotifen can
decrease the risk of diabetes associated cardiovascular
complications

Keywords: T2DM; Mast Cells; Ketotifen; obesity;
Cardiovascular Risk

Introduction
Patients with DM will present with microvascular or

macrovascular degeneration [1]. The morbidity and mortality
associated with macrovascular degeneration far outweigh the
risks of microvasular complications in older people with diabetes
[2]. Macrovascular disease denotes arterial diseases, in
particular the coronary arteries and the arteries supplying the

brain and the feet. Degeneration of these vessels involves the
build-up of fatty substances (cholesterol), which leads to
atherosclerosis [3].

Heart disease and stroke represent approximately 65% to 85%
of diabetes-related mortality. Therefore, patients with have a
significantly increased risk of coronary heart disease,
cerebrovascular disease (stroke), or peripheral arterial disease,
compared to those without T2DM [4]. Obesity increases the risk
of cardiovascular disease in adults and has been strongly
associated with IR in normoglycemic persons and in individuals
with T2DM [5,6]. Mast cells (MCs) are important inflammatory
cells that participate in immune responses during allergic
reactions. Former studies, however, suggest that these cells also
participate in other inflammatory diseases, such as cancers,
inflammatory bowel disease, metabolic bone disease, renal
injury, arthritis, atherosclerosis, abdominal aortic aneurysms,
obesity, and diabetes [7].

ketotifen is a relatively selective, noncompetitive antagonist
of histamine H1 receptors and is a mast cell stabilizer, inhibiting
the release of inflammatory mediators from mast cells [8]. The
most important finding of recent studies is that mast cell
stabilization with cromolyn or ketotifen reduces body weight
gain and improves glucose and insulin tolerance in mice without
noticeable toxicity [7]. No clear data was reported upon the
effect of mast cell stabilizers on human, so the present study
was designed to investigate the ability of ketotifen to decrease
cardiovascular risk (CV) in patients with T2DM.

Patients and Methods

Patients
We recruited forty eight patients with T2DM from internal

medicine department at Tanta University Hospital, Egypt. The
inclusion criteria were: diabetes duration less than 10 years,
treated with glimepiride and age ranged from 45 to 55 years.
The exclusion criteria were patients who had any other
inflammatory disease (bone, asthma, etc.), severe hepatic or
renal disease, epilepsy and also pregnant or lactating females.
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Study design
A total number of 48 patients fulfilled the selection criteria

were enrolled in the study. The study has been approved by the
national research ethics committee (Tanta University ethical
committee) and has been performed in accordance with the
ethical standards as laid down in the 1964 declaration of
Helsinki and its later amendments or comparable ethical
standards. An informed written consent was obtained from all
patients included in the study. The study design was parallel
randomized controlled study to compare the effect of two
different doses (once and twice daily) of ketotifen (Ketoti®,
Pharco, Egypt) in addition to glimepiride (GL) (Amaryl®, Sanofi-
Aventis, Berlin, Germany). The patients were divided into three

groups (each group [n=16]) as following, group 1: received
glimepiride (GL) 3 mg/d alone; group 2: received GL 3 mg/d plus
ketotifen 1 mg once daily and group 3: received GL 3 mg/d plus
ketotifen 1 mg twice daily for 12 weeks. All blood samples were
obtained after a 12 hours fasting period. Blood samples were
collected in tubes contain EDTA and centrifuged immediately.
Plasma was separated, coded and stored at -80°C until analysis.

Demographic characters
Patients’ medical history was taken to ensure absence of any

interacting or interfering drugs. Demographic data were
collected at baseline using questionnaire. Information collected
included age, sex, diabetes duration and BMI (Table 1).

Table 1: Demographic data of patients at baseline.

Characteristics (Group 1) (Group 2) (Group 3)

Number 16 16 16

Sex (M/F) 3/13 3/13 4/12

Age (years) 51.3 ± 4.5 50.1 ± 4.6 49.1 ± 4.9

Diabetes duration 7.9 ± 2.5 7.1 ± 2.7 8 ± 2.5

BMI (kg/m2) 37.3 ± 5.4 37.5 ± 6.1 37.8 ± 5.3

Data presented as mean ± SD, Group 1: obese patients with type 2 diabetes treated with glimepiride 3 mg/d alone, (Group 2): obese patients with type 2 diabetes treated
with glimepiride 3 mg/d plus ketotifen 1 mg once daily, (Group 3): obese patients with type 2 diabetes treated with glimepiride 3 mg/d plus ketotifen 1 mg twice daily; M:
Male; F: Female; BMI: Body Mass Index.

Anthropometric evaluations
Weights were measured and recorded to the nearest 0.5 kg.

Body heights were measured and recorded to the nearest
centimeter. Body mass index was calculated which is defined as
the weight in kilograms divided by the square of the height in
meters i.e. BMI=weight (kg)/hight2 (m). Height and weight were
measured using Detecto scale (Detecto Company, 203 East
Daugherty Sheet, USA).

Biochemical assays
Lipid panel: Plasma was used for determination of lipid

profiles including total cholesterol (TC) which was measured by
enzymatic colorimetric method [9], triglycerides (TGs) which was
measured by enzymatic- colorimetric method [10] and High
density lipoprotein (HDL-C) which was determined by
precipitation method [11] using commercial kits (BioMed,
Germany). Low-density lipoprotein cholesterol (LDL-C) was
calculated using friedewald formula, where LDL-C=[TC – HDL-C –
(TGs/5)] provided that TGs level is less than 400 mg/dl [12].

Assay of interleukin-6 (IL-6): Enzyme-linked immunosorbent
assay (ELISA) using commercial kits was carried out according to
manufacturers' instructions for assay of plasma IL-6 Platinum
ELISA (eBioscience, San Diego).

Atherogenic ratios
The Atherogenic ratios were calculated as follows:

Castelli’s Risk Index (CRI-I)=TC/HDLc

Atherogenic Coefficient (AC)=(TC– HDLc)/HDLc

Statistical analysis
Data were analyzed using SPSS statistical package version

20.0, IBM corporation software group, 2011, USA. Paired
student's t-test was used to assess any significant difference
between each group at baseline and after 12 weeks of
treatment course. One way analysis of variance (ANOVA) test
followed by bonferroni or tamhane tests were used to assess
any significant difference among the three groups at base line
and after 12 weeks. Values were presented as mean ± standard
deviation (SD). All p values were two-tailed and p<0.05 was
considered significant for statistical analysis.

Results

Characteristics of patients
At baseline, there were no significant differences between

(group 1) received glimepiride alone and intervention groups
(group 2 and group 3) received glimepiride plus ketotifen once
and twice daily respectively, in demographic or anthropometric
parameters (Table 1).

Effect of ketotifen on BMI, lipid profile and IL-6
A summary of the mean ± SD values of variables at baseline

and after 12 weeks in all groups are presented in (Table 2). After
12 weeks of co-treatment with glimepiride plus ketotifen 1 mg
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twice daily (group 3), there were significant decrease in BMI,
IL-6, TC, TGs and LDL-C, While there was significant increase in
HDL-C. For group 1 who receive glimepiride alone there were no
significant difference in these outcome variables measured over
the intervention period, While regarding group 2 who receive
glimepiride plus ketotifen once daily there was only decrease in
IL-6 level. The comparison of the three groups before and 12
weeks after treatment revealed that, there were no significant

differences in measured parameters between all groups at
baseline. After 12 weeks, Comparing group 3 with 1 there was
significant decrease in IL-6 (P<0.01), TGs (P<0.05), and increase
in HDL-C (P<0.05). Comparing group 2 with group 1 there was
significant decrease in TGs (P<0.05) and IL-6 (P<0.01).
Comparing group 3 with 2 there was significant increase in HDL-
C (P<0.01).

Table 2: Clinical variables at baseline and after 12 weeks in the three groups.

Variables

(Group 1) (Group 2) (Group 3)

n=16 n=16 n=16

Baseline 12 weeks Baseline 12 weeks Baseline 12 weeks

BMI(kg/m2) 37.3 ± 5.4 37.6 ± 5.3 37.5 ± 6.1 37.6 ± 5.8 37.8 ± 5.3 37.2 ± 5.9*

TC (mg/dl) 140.2 ± 20.7 147.8 ± 25 151.7 ± 30.1 146.4 ± 31.1 146.7 ± 29.9 129.3 ± 28.3**

TC (mmol/l) 3.6 ± 0.54 8.7 ± 0.65 3.9 ± 0.78 3.8 ± 0.8 3.8 ± 0.77 3.3 ± 0.73**

TGs (mg/dl) 123.2 ± 20.1 127.8 ± 22.1 105.5 ± 30 97.3 ± 31.1b 116.1 ± 42.6 97 ± 38.4**a

TGs (mmol/l) 1.4 ± 0.23 1.5 ± 0.25 1.2 ± 0.34 1.1 ± 0.35b 1.3 ± 0.49 1.1 ± 0.44**a

HDL-C (mg/dl) 32.4 ± 6.6 31.9 ± 8.1 30.3 ± 2.7 31.2 ± 4.3 30.9 ± 4 38.5 ± 3.9**a

HDL-C (mmol/l) 0.84 ± 0.17 0.83 ± 0.2 0.78 ± 0.07 0.81 ± 0.11 0.8 ± 0.1 0.99 ± 0.1**a

LDL-C (mg/dl) 83.1 ± 17.2 87.8 ± 28.2 100.3 ± 27.4 95.8 ± 28.7 92.8 ± 32.8 71.26 ± 27.9**

LDL-C (mmol/l) 2.2 ± 0.45 2.3 ± 0.73 2.6 ± 0.71 2.5 ± 0.74 2.4 ± 0.85 1.9 ± 0.72**

IL-6 (pg/ml) 2.9 ± 0.9 3.2 ± 1.2  2.6 ± 0.8  2.1 ± 0.7*c  2.8 ± 0.7  2.1 ± 0.8**a

Data presented as mean ± SD, Group 1: obese patients with type 2 diabetes treated with glimepiride 3 mg/d alone, (Group 2): obese patients with type 2 diabetes treated
with glimepiride 3 mg/d plus ketotifen 1 mg once daily, (Group 3): obese patients with type 2diabetes treated with glimepiride 3 mg/d plus ketotifen 1 mg twice daily. BMI:
Body Mass Index; HDL-C: High Density Lipoprotein, IL-6: interleukin-6, LDL-C: low density lipoprotein; TC: Total Cholesterol; TGs: Triglycerides, *p<0.05; **p<0.01,
compared with baseline values (paired sample t-test), a comparing group 3 with group 1; b comparing group 2 with group 1, c comparing group 2 with group 1.

Effect of ketotifen on atherogenic ratios (CRI-1 and
AC)

A summary of the mean ± SD values of CRI-1 and AC at
baseline and 12 weeks after in all groups are presented in (Table
3). After 12 weeks of co-treatment with glimepiride plus
ketotifen twice daily (group 3), there were significant decrease
in both CRI-1 and AC. While regarding group 1 and group 2 there
were no significant changes in these ratios over the intervention
period.

The comparison of the three groups before and 12 weeks
after treatment revealed that, there were no significant
differences in these ratios between all groups at baseline. After
12 weeks, comparing group 3 with 1 there were significant
decrease in CRI-1 and AC (P<0.01). Comparing group 3 with 2
there was significant decrease in CRI-1 and AC (P<0.01).
Comparing group 2 with 1 there was no significant difference
(P˃0.05).

Table 3: Atherogenic ratios at baseline and after 12 weeks in the three groups.

Ratios (Group 1) (Group 2) (Group 3)

n=16 n=16 n=16

Baseline 12 weeks Baseline 12 weeks Baseline 12 weeks

CRI-1 4.4 ± 0.74 4.9 ± 1.3 4.99 ± 0.79 7.4 ± 0.88 4.8 ± 1.3 3.4 ± 0.78**ab

AC 3.4 ± 0.7 3.8 ± 1.3 3.9 ± 0.8 3.7 ± 0.9 3.8 ± 1.2 2.4 ± 0.8**ab

Data presented as mean ± SD, Group 1: obese patients with type 2 diabetes treated with glimepiride 3 mg/d alone, (Group 2): obese patients with type 2 diabetes treated
with glimepiride 3 mg/d plus ketotifen 1 mg once daily, (Group 3): obese patients with type 2 diabetes treated with glimepiride 3mg/d plus ketotifen 1 mg twice daily.
CRI-1: Castelli Risk Index 1; AC: Atherogenic Coefficient, **p<0.01, compared with baseline values (paired sample t-test), a comparing group 3 with group 1; b comparing
group 3 with group 2.
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Discussion
In individuals with type 2 DM cardiovascular (CV) risk is

increased by a clustering of risk factors such as abdominal
obesity, impaired fasting glucose, increased blood pressure, low
HDL-C, increased TG, and an increase in small, dense LDL
particles. The current increase in the incidence of type 2 DM in
the population perhaps poses the most urgent CV risk [13]. The
present study evaluate whether the prescribed mast cell
stabilizer (ketotifen) could decrease CV risk in patients with
T2DM.

The results obtained from group 3 in which patients received
glimepiride plus ketotifen twice daily, revealed a significant
reduction in body mass index (BMI) compared to patients’
baseline values. While compared to the other groups there was
no significant difference. Former preclinical studies supporte the
ability of ketotifen to decrease weight [14-16], while other
studies on human showed that ketotifen induce weight gain
[17-19]. So, the effect of ketotifen on weight is controversial and
this may be due to different mechanisms at different doses [20]
or difference in metabolic pathway between animal and human
[15]. In human themselves there may be many factors that can
influence this effect such as race, genetic polymorphism or
comorbidities. Therefore, further studies are needed to
investigate the exact effect of ketotifen on weight and which
factors can influence this effect.

Elevated serum levels of LDL-C and TGs and low level of HDL-C
are strongly associated with increased risk for macrovascular
events (e.g., myocardial infarction, ischemic stroke, and
coronary mortality) among patients with T2DM [21-23]. It is
beneficial to treat any or all components of the lipid beyond
LDL-C alone, in order to most optimally reduce morbidity and
mortality in patients with diabetes. Former study confirmed the
hypothesis that independently achieving HDL-C, TGs and non-
HDL-C goals can lead to significant reduction in microvascular
complications risk irrespective of LDL-C goal attainment [24].

The obtained results indicated that receiving ketotifen twice
daily in group 3 significantly decreased TC, TGs, LDL-C and
increased HDL-C compared to patients’ baseline values.
However, comparing this group to group 1 there was a
significant decrease in TGs and significant increase in HDL-C. The
observed decrease in LDL-C and TGs is consistent with result
achieved in rats with T2DM treated with ketotifen [15]. Our
results seem matched with the observed decrease in TGs, LDL-C
and increase in HDL-C in mice with atherogenesis treated with
another MC stabilizer “cromolyn” [25].

Interleukin-6 (IL-6) is inflammatory mediator produced by
macrophages in the adipose tissue [26]. It’s one of mast cell
cytokine mediators [7,27]. This cytokine is increased in obesity
and has multiple effects on insulin sensitivity in muscles, liver, or
beta cells of the pancreas, ultimately leading to insulin
resistance [26]. Our results showed that treatment with
glimepiride plus ketotifen twice daily reverse obesity-related
increases in IL-6 in obese patients with T2DM. This effect is
consistent with the result obtained from obese mice with T2DM
[14] and rats with T2DM [15].

Different combinations of these lipid profile parameters can
be used to identify such high risk individuals. Castelli Risk Index
(CRI) and Atherogenic Coefficient (AC) are the two ratios studied
in predicting the risk of coronary artery disease. These are the
calculated fractions which can be used in the clinical setting for
assessing the risk of cardiovascular disease beyond the routinely
done lipid profile. Calculating certain ratios using these
parameters especially in situations where LDL-C levels are below
target range may increase the identification of at-risk individuals
[28].

The result of this study revealed that group 3 received
ketotifen twice daily showed a significant decrease in CRI-1
below 4 and AC below 3. This result proves the ability of
ketotifen in its twice daily dose to decrease CVD risk in patients
with diabetes.

The limitations of this study are lacking of measurement of
other useful parameters such as HOMA-IR and cardiac markers.

Conclusion
Mast cell stabilization with ketotifen can decrease the risk of

cardiovascular complications in type 2 diabetes patients through
improving atherogenic ratios.
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