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1 Introduction
All foods which contain biologically active ingredients are 

considered to be functional foods because of their health benefits 
associated with prevention of certain NCDs like DM. Many 
studies focused on the herbal remedies which played role in the 
treatment of Diabetes (Acevedo et al., 2017; Choudhury et al., 2017; 
Shahzad et al., 2020). There were 451 million people with T2DM 
all over the world by year 2017, and this number was expected 
to rise to 693  million by year 2045 (Ogurtsova  et  al.,  2017). 
About 5 million deaths all over the world were attributable to 
Diabetes in year 2017. According to second National Diabetes 
Survey of Pakistan (NDSP), conducted from February 2016 to 
August 2017, prevalence of Diabetes in Pakistan was 26.3%, 
out of which 19.2% were known diabetics, and 7.1% were 
newly diagnosed cases(Basit  et  al.,  2018). Clinical evidence 
suggests that T2DM and its complications can be prevented 
through regular intake of functional foods (Alkhatib et al., 2017; 
Venkatakrishnan et al., 2019).

Cinnamon extract seems to contain substances which can 
upregulate glucose uptake, increase glycogen synthesis, inhibit 
glycogen breakdown, and reduce glucose absorption in the small 
gut through their effect on various enzymes (Ilijeva & Buchbauer, 
2016; Jahangir  et  al.,  2017; Mollazadeh  &  Hosseinzadeh, 
2016; Muhammad  &  Dewettinck, 2017). On the other 
hand, three components of Fenugreek, namely, Diosgenin, 
4-hydroxyisoleucine (4-OHIle), and the fiber component, are 

the most studied bioactive fractions of the plant, which were 
found to exert beneficial effects on glucose tolerance, insulin 
function, inflammation, blood lipids, and liver functions 
(Avalos-Soriano et al., 2016; Ota & Ulrih, 2017; Shi et al., 2017; 
Siener et al., 2020). Cinnamon supplements were found to have 
moderate effects on FPG and HbA1c, when added to standard 
hypoglycemic medications (Costello et al., 2016). A systematic 
review found that supplementation with cinnamon could decrease 
serum levels of glucose, without changes in other glycemic and 
anthropometric indices (Namazi et al., 2019). Literature review 
also suggested that cinnamon could be recommended as effective 
therapy to reduce fasting glucose levels and HbA1c levels in 
type II diabetics. For this purpose, cinnamon dose could range 
from 1 g to 6 g daily with meals (Ge et al., 2017; Maddox, 2016) 
randomized controlled trial found that intake of 1 g of cinnamon 
for 12 weeks could decrease fasting blood glucose and HbA1c 
among uncontrolled type 2 diabetes patients (Sahib, 2016). 
In another study, diabetic patients were supplemented with 
one gram of cinnamon daily. This resulted in improvement of 
BMI, glycemic indices (i.e. fasting glucose, 2 hours PP, HbA1C, 
fasting insulin, and insulin resistance), and lipid profile (i.e. 
total cholesterol, LDL and HDL) in the cinnamon group, when 
compared with the placebo group. All these changes were more 
prominent in patients who had BMI≥27. Hence inconsistency 
of results amongst various studies were thought to be due to the 
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difference in doses and duration of intervention as well as due 
to difference in baseline BMI (Zare et al., 2019).

Fenugreek was also found to have hypoglycemic and cholesterol-
lowering effect (Gong, J., et al., 2016). Fenugreek extract was 
found to cause significant reduction in fasting plasma glucose and 
post-prandial blood glucose levels (Verma et al., 2016). A study 
showed that adjunct therapy of a standardized fenugreek seed 
extract (IND-2) with insulin in T2DM patients improved blood 
glucose control through a reduction in levels of HbA1c and also 
through reduction of insulin doses per day, without any increase 
in risk of hypoglycemia and body weight (Kandhare et al., 2018). 
Another standardized fenugreek seed extract (IDM1) was also 
found to be an effective adjuvant therapy with sulphonylurea, 
which helped to control blood sugar levels and HbA1c levels in 
those T2DM patients in which these parameters were inadequately 
controlled with sulfonylurea alone (Kandhare  et  al.,  2018). 
In rat models, the aqueous sprout extracts from IL8 Fenugreek 
seed genotype showed much higher hypoglycemic activity as 
compared to its seed extract. This antidiabetic effect of sprout 
extracts was found to be comparable to standard antidiabetic 
drug, Voglibiose (Laila  et  al.,  2016). Another study showed 
that consumption of sprouted fenugreek seeds had significant 
effects on improving blood glucose levels, BMI, and BP in type 
II diabetic patients (Khan & Khosla, 2018). Thus, Fenugreek can 
be possibly used as a complementary therapy to anti-diabetic 
drugs, in order to control blood glucose (Najdi et al., 2019). 
As per literature now study has been conducted on Pakistani 
diabetic population. Keeping in mind above scenario current 
study has been designed to study the comparative impact of 
fenugreek and background impact of above mentioned two 
nutraceuticals Fenugreek and Cinnamon.

2 Materials and methods
A Randomized Controlled Trial (RCT) was done to compare 

the effects of Fenugreek and Cinnamon on management of 
newly diagnosed cases of Type2 DM. The study was conducted 
at Medical Outpatient Department (OPD) of Pakistan Institute 
of Medical Sciences (PIMS), which is a tertiary care hospital, 
located in Islamabad, capital of Pakistan. Subjects were enrolled 
for the study after fulfilling all ethical considerations.

All subjects, from both genders, fell within the age range of 
40-65 years. All were newly diagnosed cases of T2DM. They were 
diagnosed diabetic on the basis of fasting plasma glucose (FPG), 
in accordance with the criteria given by American Diabetes 
Association (2014). Twenty-six (26) subjects were allotted to 
each group (Figure 1). Baseline data included assessment of 
nutritional status, biochemical data, physical examination, diet 
history, information related to ethnicity, age, education, family 
history of diabetes, occupation, physical activity level, sleeping 
habits, and history of smoking. Anthropometric measurements 
included BMI (Body mass index), WC (waist circumference), 
and WHR (waist-to-hip ratio). Biochemical tests included FPG 
(Fasting Plasma Glucose), HbA1c (Hemoglobin A1c), fasting 
insulin levels, lipid profile (total cholesterol, high density 
lipoproteins (HDL), low density lipoproteins (LDL), very low-
density lipoproteins (VLDL) and serum triglycerides (TG). 
Subjects were studied in three phases. Phase-1 was the baseline, 

at the start of intervention. Phase-2 was at the end of 90 days of 
intervention i.e., treatment with Fenugreek and cinnamon. In 
second phase, counseling for diet & life style modification was 
also done. Phase-3 was the phase after one month of stopping 
the intervention. It was considered to be the washout period. At 
the end of phase 2 and phase 3, all these tests were repeated to 
find out any difference in pre- and post-intervention findings. 
Anthropometry, biochemical, clinical and dietary aspects 
were also studied in all phases of the study to evaluate effect 
of intervention.

Treatments were prepared in the form of powders and 
packed in capsules before being dispensed to the patients as 
depicted below:

1. Cinnamon group: 4.0 grams cinnamon powder/day, was 
divided into three doses of 3 +3+2 capsules, after each 
main meal i.e., breakfast, lunch and dinner. Each capsule 
had 500mg of cinnamon powder;

2. Fenugreek group: 20 grams powder/day, was divided into 
four doses of 10+10+10+10 capsules, after breakfast, lunch, 
evening snack and dinner.

Statistical analysis was done on SPSS (version 22). Descriptive 
analysis was done for percentages and means. Paired-sample 
T-tests and Independent sample T-tests were done to compare 
the effects of interventions. A p-value <0.05 was considered 
significant.

3 Results and discussion
There were dropouts from both groups by the end of study, 

i.e., 2 from cinnamon and 8 from fenugreek, on account of poor 
control of glucose levels and food taboos (Figure 1).

3.1 Gender-wise distribution of the subjects

The study groups had 32 (61.5%) male participants and 
20 (38.5%) female participants in all (n=52) (Figure 2A). 

Figure 1. Flow diagram of the participants of the study.
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Age group, highest in percentage, was 45-55 years (44%). Rest of 
the participants were below (40-45 years, 16%) and above 
(55-65 years, 13%) this age group (Figure 2B).

3.2 Comparison of anthropometric measurements during all 
phases of intervention

Mean BMI of male participants at baseline in Cinnamon 
group was 25.64 kg/m2, while mean BMI of female participants 
in this group was 31.01 kg/m2. At the end of treatment, BMI 
of male and female participants reduced to 24.65 kg/m2 and 
29.71 kg/m2, respectively. This result was consistent with a 
study which showed reduction in BMI when one gram daily 
dose of cinnamon was used for intervention (Zare et al., 2019). 
After washout period, BMI increased to 24.78 kg/m2 and 30.93 kg/m2 
in males and females, respectively (Figure 3A, B). While in 
Fenugreek group, mean BMI of male participants at baseline was 
28.09 kg/m2, and in female participants BMI was 28.96 kg/m2, 
respectively. At the end of treatment, BMI increased to 28.15 kg/m2 
in males and to 29.63 kg/m2 in female participants, but after 
washout period, BMI was reduced to 27.64 kg/m2 in females, and 
increased to 29.75 kg/m2 in females. This result was inconsistent 
with literature which showed improvement in BMI with use of 
Fenugreek (Khan & Khosla, 2018).

Similarly, mean waist circumference (WC) and waist-to-hip 
ratio (WHR) of both male and female participants in Cinnamon 
group, reduced in both male and female participants after 
treatment. After washout period, WC reduced further, but WHR 
bounced back in males, while in females, WC and WHR increased 
(Figure 3C and 3E). Mean waist circumference (WC) of male 
participants was reduced after treatment, in Fenugreek group, 
but WHR remained same in males, and both WC and WHR 
were reduced in female participants. After washout period, WC 
reduced further, but WHR increased in males, while both WC 
and WHR increased, in females (Figure 3D-F). Though variable 
beneficial effects of these nutraceuticals were found on WC and 
WHR in this study, no such effects were found in literature.

3.3 Comparison of biochemical markers during all phases of 
intervention

In Cinnamon group, mean Fasting Plasma Glucose (FPG) 
in males, at baseline, was 152.38 mg/dL, and in females was 
160.31 mg/dL. It reduced after treatment in both males and females. 
FBS reduced further in both males and females, at the end of 
washout period (Table 1). Similarly, in Fenugreek group, mean 
FPG in males, at baseline, was 154.79 mg/dL, and in females was 
139.29 mg/dL, which reduced in both males and females after 
treatment. FBS reduced further in both males and females at 
the end of washout period (Table 1). Many studies had shown 
beneficial effects of Cinnamon and Fenugreek on FPG (Maddox, 
2016; Verma et al., 2016).

In Cinnamon group, HbA1c%age reduced in both males 
and females after treatment phase. It reduced further in both 
genders after washout period. Similarly, in Fenugreek group, 
HbA1c%age reduced in both male and female participants after 
treatment (Table 1). Although after washout period, it reduced 
further in male group, but increased again in female participants. 
These findings were consistent with many findings in literature 
(Kandhare et al., 2018; Maddox, 2016; Sahib, 2016). Mean Insulin 
levels also decreased in both male and female participants, in 
both intervention groups. It kept falling in washout period 
in all these groups, except in female participants in Fenugreek 
group. This finding was consistent with literature in regard to 
Cinnamon, but no such positive finding was reported in case 
of Fenugreek (Zare et al., 2019). Serum cholesterol level was 
found to decrease in both treatment and washout periods, in 
both intervention groups, in both genders. On the other hand, 
serum HDL was found to increase in both treatment and washout 
periods, in both intervention groups, in both genders (Table 1). 
Serum LDL decreased in both treatment and washout periods, 
in both Cinnamon and Fenugreek groups, in both male and 
female participants, except for male group in Fenugreek group, 
where the level of LDL bounced up in washout period. Serum 
VLDL decreased in both genders in Cinnamon group after 

Figure 2. (A) Gender distribution (B) Age distribution.
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treatment and remained the same after washout period. On the 
other hand, in Fenugreek group, it increased in male group, and 
stayed high even after washout period, but in female group, it 
decreased and remained low after washout period. Serum TG 
(serum triglyceride) levels decreased in Fenugreek group in both 
genders, and in female group in Cinnamon group, after treatment, 
and increased again in washout period, but it increased in male 
group, in Cinnamon group, and then fell back after washout 
period Once again this finding was consistent with literature 
when Cinnamon was considered, but it was a new finding in 
regard to Fenugreek (Zare et al., 2019).

In summary, the results showed significant effect of Cinnamon 
and Fenugreek intervention on various biochemical parameters. 
FPG and HbA1c fell significantly in both groups, but Insulin level 
fell significantly only in Cinnamon group. Cholesterol level fell 
in both groups, HDL increased and LDL fell significantly only 
in Cinnamon group, and TG level fell only in Fenugreek group.

Paired-sample t-test was run on means of measures of both 
interventional groups as a whole (i.e. including both genders), at 
baseline and after-treatment. Significant differences were found 
between mean values of many anthropometric and biochemical 
measures. There was statistically significant difference in BMI in 
Cinnamon group after intervention, but no such difference was 
found in Fenugreek group. Significant difference was found in 
WC in both intervention groups, but no significant difference was 
found in WHR. FPG and HbA1c showed statistically significant 
difference after intervention in both groups, but Insulin level fell 
significantly only in Cinnamon group. Serum Cholesterol level 
fell significantly in both groups, but LDL level fell significantly 
only in Cinnamon group. Similarly, serum triglycerides level 
fell significantly only in Fenugreek group, but rather increased 
insignificantly in Cinnamon group. Serum HDL level increased 
significantly in Cinnamon group, but not in Fenugreek group. 
No statistically significance was found in levels of VLDL in both 

Figure 3. Body Mass Index (BMI) of study subjects: (A) Cinnamon group (B) Fenugreek group; Waist Circumferences (WC) of study subjects: 
(C) Cinnamon group (D) Fenugreek group; Waist Hip Ratio of study subjects: (E) Cinnamon group (F) Fenugreek group.
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groups. When Independent- sample T-test was done, statistically 
significant difference was found only in levels of VLDL after 
treatment (Table 2).

Hence, when results of treatment were compared between 
both groups, no significant difference was found in any 
anthropometric measure, reflecting that wherever there was 
significant effect of both interventions on same parameter, it 
was of similar magnitude. Similarly, Independent-sample tests 
showed change of similar magnitude in both groups, in regard 
to FPG, HbA1c and Insulin levels. The changes in cholesterol 
level, HDL, LDL, and TG levels were also similar in magnitude 
in both groups, as no statistically significant difference was found 
when independent sample means were compared. VLDL did 
not change significantly in any group.

The costs of Diabetes present huge financial problems to 
patients, healthcare systems, and insurers (Riddle & Herman, 
2018). The average monthly medical expenditure has been 
found to be significantly higher for households who were on 
Diabetes medication, as compared to households who were not 
(Datta  et  al.,  2019). The healthcare expenditure on Diabetic 
patients all over the world by year 2017 was 850 billion US dollars 
(Ogurtsova et al., 2017). In USA, more than 29 million people 
have Diabetes and this costs US healthcare system 245 billion 
dollars annually (Sai Ambati et al., 2019; Willey et al., 2018). 
Enough data, regarding expenditure on Diabetes treatment, 
does not exist in low-income countries, where prevalence 

of Diabetes is increasing, and incomes at both national and 
individual levels are low. Wherever such data exists, it suggests 
that use of medical care associated with Diabetes is not within 
reach for many patients (Williams et al., 2020). Hence, use of 
functional foods can be recommended as adjunct to medical 
treatment to reduce the requirement of medication and hence 
reduce the cost of treatment.

4 Conclusion
Cinnamon seemed to have more effect on both anthropometric 

(BMI & WC) and biochemical (FPG, HbA1c, serum Insulin, 
serum cholesterol, HDL  &  LDL) parameters, as compared 
to Fenugreek, which had effect on WC, FPG, HbA1c, serum 
cholesterol and TG only. Although, the magnitude of these 
effects was similar in both groups. Its concluded that the use of 
natural nutraceuticals may help in managing the sugar level of 
newly diagnosed patient. Especially study finding can help to 
rural community where people are reluctant to use the allopathic 
medicine for treating the diabetes.
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Table 1. Comparison of Biochemical marker level in both groups, in all phases of intervention.

Biochemical markers
Cinnamon Fenugreek

Mean N SD* Mean N* SD
FPG* (mg/dL) at baseline 156.35 26 32.74 150.62 26 26.83
FPG (mg/dL) at end of treatment phase 139.5 26 35.23 133.61 23 29.73
FPG (mg/dL) at end of wash out period 129.38 24 18.75 129 18 25.51
HbA1C (%) at baseline 7.95 26 1.12 7.6 26 1.14
HbA1C (%) at the end of treatment period 6.52 26 1.05 6.13 23 1.06
HbA1C (%) at the end of wash out period 6.32 24 0.94 6.28 18 1.18
Insulin in µIU/mL at baseline 26.34 26 20.95 30.12 26 28.84
Insulin (µIU/mL) at the end of treatment phase 18.52 26 11.82 24.03 23 11.72
Insulin (µIU/mL) at the end of wash out period 17.01 24 12.11 21.34 18 11.9
Cholesterol level (mg/dL)at baseline 188.31 26 36.23 202.23 26 33.58
Cholesterol (mg/dL) at end of treatment phase 175.23 26 37.52 185.52 23 33.96
Cholesterol (mg/dL) at the end of wash out period 157.83 24 25.23 175 18 22.93
HDL* (mg/dL) at baseline 39.58 26 9.63 41.27 26 14.73
HDL (mg/dL) at the end of treatment phase 44.04 26 11.28 43.52 23 10.6
HDL (mg/dL) at the end of wash out period 46.25 24 9.75 45.56 18 13.45
LDL* (mg/dL) at baseline 117.42 26 36.35 113.77 26 37.77
LDL (mg/dL) at the end of treatment phase 102.73 26 37.72 105.91 23 30.94
LDL (mg/dL) at the end of wash out period 92.67 24 33.39 106.33 18 28.11
VLDL* (mg/dL) at baseline 34.61 26 21.69 45.34 26 21.32
VLDL (mg/dL) at end of treatment phase 32.26 24 12.85 44.06 18 24.09
VLDL (mg/dL) at end of washout period 32.26 24 12.85 44.06 18 24.09
Triglyceride level (mg/dL) at baseline 173.04 26 108.4 226.69 26 106.59
Triglyceride level (mg/dL) at end of treatment phase 180.12 26 90.41 194.52 23 80.48
Triglyceride level (mg/dL) at end of wash out period 161.29 24 64.23 220.28 18 120.47
SD*: Standard Deviation; N*: Number; FPG: Fasting Plasma Glucose; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; VLDL: Very low-density lipoprotein. HbA1c: 
glycated haemoglobin
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