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Abstract

Background:

Nigella sativa has been studied extensively for its effects on blood sugar, lipids and antioxidants
in animal models. The purpose of this study was to verify the maintenance of effects of Nigella
sativa on glycemic control and blood lipid levels and to explore its effects on antioxidant status
and cardiac functions in uncontrolled Type 2 diabetic patients on oral hypoglycemic drugs.
Methods:

Type 2 diabetics (n=114, 63 males), aged 18- 60 years with HbAlc >7%, on oral hypoglycemic
drugs and without major cardiovascular complications were recruited by convenience and
assigned conveniently into two groups. Control group (n=57, 30 males, mean + SEM for the age
was 46.1 £ 0.85 and for disease duration was 5.96 + 0.57) received activated charcoal as placebo
while the test group (n=57, 33 males, mean + SEM for the age was 46.8 + 1.14 and for disease
duration was 7.25 + 0.51) received powdered N. sativa in a dose 2g /day. All patients received
the drugs in two divided doses/day for one year. In addition they continued on their
hypoglycemic drugs. 60 patients (30 from each group) were selected to test their cardiac
functions by ECG and echocardiography.

Fasting Blood Sugar (FBS), HbAlc, C-peptide, lipid profile, total antioxidant capacity,
antioxidant enzymes, lipid peroxidation marker (TBARS) as well as blood pressure and pulse
were measured and HOMA insulin resistance, HOMA [ cell activity, ratios of total
cholesterol/HDL-cholesterol as well as LDL-cholesterol/ HDL-cholesterol and BMI were
calculated before intervention and in 4 scheduled visits 3 months apart thereafter. In addition
FBS and Random Blood sugar (RBS) were measured by the patients weekly at home using self
monitoring glucometers. Echocardiography was used to evaluate diastolic and systolic functions
and left ventricular mass. In addition ECG measurements of PR, QT intervals and hypertrophy
criteria of left ventricle were taken before intervention and then at 6th and 12th months of
treatment. Data of patients were compared to their baseline values and to the other group to
determine statistical significance
Results:

N.sativa treatment produced a significant decrease in both HbAlc and fasting blood glucose in



all readings (3, 6, 9,& 12 months). This was associated with lowering of insulin resistance and
elevation of B cell activity for the same time points compared to their corresponding baseline
values. On the other hand, no improvement was observed in these variables in the placebo group.

Lipid profile in N. sativa group was also improved. There was significant reduction in
total cholesterol and LDL-c levels at all timepoints of treatment. Both ratios of total
cholesterol/HDL-c and LDL-¢/ HDL-c were lower after 3, 6, 9 and 12 months compared to their
corresponding baseline values. HDL-c was significantly higher in the second half of the study
reaching significant level at the 9 months reading. However no changes were seen in
triglycerides levels. These changes were not observed in the placebo group.

In N. sativa group the total antioxidant capacity and antioxidant enzyme catalase were
higher at all readings compared to the corresponding baseline values. This was associated with
lower lipid peroxidation levels in all timepoints. The antioxidant enzyme, superoxide dismutase,
and glutathione became significantly higher after 9 and 12 months of treatment compared to their
corresponding baseline values. No improvement was observed in these variables in the placebo
group.

Echocardiographic assessment of cardiac function in the control group showed
impairment in diastolic function after 12 months (p<0.02) and trend towards impairment in
systolic function manifested in larger left ventricle internal dimension at systole after 6
(p<0.002) and 12 (p<0.04) months with no significant changes in fractional shortening or
ejection fraction. Left ventricular mass and Left ventricular mass index were significantly
increased also increased after 6 and 12 months placebo treatment compared to their baseline
values. These increments were associated with significantly larger Left ventricle internal
dimension at diastole. No significant changes were seen in posterior wall thickness,
interventricular septum thickness or relative wall thickness compared to the baseline values.

In N. sativa group no significant changes were found in diastolic function or in left
ventricle mass or left ventricle mass index. Left ventricular dimension at systole was decreased
while fractional shortening and ejection fraction were increased after 6 and 12 months compared
to baseline values indicating improved systolic function in this group.

No significant changes were observed in the ECG in both groups. However in N. sativa

group there was a consistent decrease in heart rate, systolic and diastolic pressures, and mean



arterial pressure after 3, 6, 9 and 12 months of treatment compared to their corresponding

baseline values. No significant changes in these variables were observed in the control group.

Conclusion:

One year supplementation of Nigella sativa to type 2 diabetic patients had numerous beneficial
outcomes including; decreasing blood glucose and insulin resistance, improving P cells activity,
shifting serum lipids towards anti-atherogenic profile, improving redox status, lowering blood
pressure and heart rate, improving cardiac systolic function, and protecting from diastolic

dysfunction and from increased ventricular mass.



Table - 1: Changes in glycemic variables ; fasting blood sugar (FBS), hemoglobin A;. (HbAi.), C-
peptide, insulin resistance and P cell activity at different treatment durations compared to their

corresponding base line values, in the placebo group (Groupl).

Duration of treatment
. Baseline 3 months | Baseline 6 months | Baseline 9 months | Baseline 12 months
Variables
n=>52 n=51 n=48 n=48

FBS (mg/dL)

Mean £ SEM | 180+5.75 184581 | 178+553 185+5.59 | 180+5.79 183+541 | 177+548 180+5.59
p 0.13 0.06 0.35 0.54

HbAlc (OA))

Mean £ SEM | 8§2+0.12 8.3+0.12 | 8.2+0.12 83+0.13 | 8.2+0.13  8.5%0.15 8.2 +0.12 8.5+0.14
p 0.28 0.04* 0.01* 0.06

C- Peptide (ng/ml)

Mean £ SEM | 29020 2.9+0.19 | 2.9+0.21 3+0.22 | 2.8+0.19 3.1+0.19 | 2.9+0.18 2.8+0.17
p 0.73 0.47 0.04* 0.82

Insulin resistance

Mean £ SEM | 25+0.17 2.6+0.16 | 2.5+0.17 2.740.19 | 2.4+0.16 2.740.16 | 2.4+0.15 2.5+0.15
p 0.08 0.05 0.002* 0.31

Beta cell activity (%)

Mean + SEM 59.4+493 57.8+4.1 | 59.4+4.93 583+4.34 | 593 +4.89 59.7+4.15 | 59.1+4.75  56.6 £3.51
p 0.55 0.69 0.89 0.44

Means were compared using student’s t- test for paired data

n= number of patients

*Differences are significant if P < 0.05




Table 2: Changes in glycemic variables; fasting blood sugar (FBS), hemoglobin A.(HbA|.), C- peptide,
insulin resistance and B cell activity at different treatment durations compared to their corresponding base
line values, in N. sativa group (group 2).

Duration of treatment
Variabl Baseline 3 months | Baseline 6 months | Baseline 9 months | Baseline 12 months
ariables
n=51 n=50 n=>50 n=48
FBS (mg/dL)
Mean £ SEM | 195+6.57 163+6.31 | 197+7.00 164+5.97 | 193+6.51 176+6.59 | 192 £6.55 172 £5.83
p 0.000* 0.000* 0.018* 0.007*
HbAlc (OA))
Mean = SEM | 8.6 £0.13  7.9£0.18 | 8.5+0.13  7.8+0.22 | 8.5+0.13  7.90.19 | 8.6 £0.14 8.2+0.14
p 0.000* 0.001* 0.002* 0.005*
C- Peptide (ng/ml)
Mean = SEM | 29020 2.85+0.18 | 2.9+0.21 2.69£0.17 | 2.9+0.19 2.740.19 | 2.9+0.19 2.8+0.17
p 0.66 0.16 0.31 0.18
Insulin resistance
Mean £ SEM | 295024 2.5£0.16 | 2.96+0.24 2.4+0.17 | 2.9+0.22  2.48+0.19 | 2.9+0.22 2.5+0.18
p 0.016* 0.012* 0.008* 0.006*
Beta cell activity (%)
Mean + SEM | 458 +3.73 58.7+5.17 | 45.2+3.89 57.6+4.77 | 45.9+3.78 54.9+3.39 | 47.8+3.83  58.6 +4.61
p 0.005* 0.003* 0.014* 0.014*

Means were compared using student’s t- test for paired data
n= number of patients

*Differences are significant if P < 0.05



Table - 3: Changes in lipid profile variables; Triglycerides, Total cholesterol (Total-c), Low density

lipoprotein cholesterol (LDL-c), High density lipoprotein cholesterol (HDL-c), Total-c/HDL-c ratio and

LDL-c/ HDL-c ratio, at different treatment durations compared to their corresponding base line values, in

the placebo group (groupl).

Duration of treatment

Variables Baseline 3 months | Baseline 6 months | Baseline 9 months | Baseline 12 months
n=>52 n=1>51 n=48 n=48§
Triglycerides (mg/dL)
Mean =+ SEM 186 £17.77 186+15.41 185 +£17.82 193 +15.44 | 175+18.15 184+16.63 | 184 +19.03 190 +£16.59
p 0.99 0.37 0.17 0.36
Total-¢ (mg/dL)
Mean + SEM 198 +6.53 199+6.36 | 196 £6.50 201+6.07 195 +6.57 196 +4.99 | 196 +6.86 199 £5.67
p 0.74 0.27 0.77 0.50
LDL-c (mg/dL)
Mean =+ SEM 125 +4.66  128+4.164 | 123 +4.56 129 £5.03 122 £4.53 121 +£4.00 121 £4.84 1214£3.89
p 0.25 0.15 0.67 0.92
HDL-c (mg/dL)
Mean£SEM | 4391142 4222136 | 432145 417118 | 4315152 433161 | 4355149  43.8+1.42
p 0.19 0.05 0.83 0.61
Total-c /HDL-c ratio
Mean = SEM 4.8 +£0.17 4.9+0.18 4.7 £0.17 5+0.18 4.6 +0.17 4.7 £0.16 4.7 +0.17 4.840.17
p 0.15 0.02* 0.35 0.38
LDL-¢ / HDL-c ratio
Mean = SEM 3.0+0.13 3.240.13 | 3+0.13 3.240.14 | 2.9+0.13 2.9+0.13 | 2.9+0.13 2.9+0.11
p 0.05 0.02* 0.84 0.94

Means were compared using student’s t-test for paired data

n= number of patients

*Differences are significant if P < 0.05




Table -4 : Changes in lipid profile variables; Triglycerides, Total cholesterol (Total-c), Low density
lipoprotein cholesterol (LDL-c), High density lipoprotein cholesterol (HDL-c), Total-c/HDL-c ratio and
LDL-c/ HDL-c ratio, at different treatment durations compared to their corresponding base line values
inN. sativa group (group 2)

Duration of treatment

Variables
Baseline 3 months | Baseline 6 months | Baseline 9 months | Baseline 12 months
n=>52 n=351 n=48 n=48§
Triglycerides (mg/dL)
Mean £ SEM | 170 £1229 16821294 | 178 %1512 1671538 | 167+12.64 162+12.03 | 178 +1526 170+14.81
p 0.88 0.29 0.56 0.35
Total-c (mg/dL)
Mean =+ SEM 196 +£5.83 186 £5.73 | 195+5.97 178 £5.83 | 194 +6.00 180 +6.08 195 +6.17 181+6.05
p 0.02* 0.000* 0.01* 0.01*
LDL-c (mg/dL)
Mean + SEM | 128 +4.87 114 +4.94 | 126 +4.93 107+£5.16 126 £5.02 115+5.45 | 129 +4.84 114 +4.99
P 0.000* 0.000* 0.02* 0.002*
HDL-c (mg/dL)
Mean £SEM | 4311145 432145 | 4274149 427151 | 4284148 454151 | 42.5+1.53 44 <151
p 0.85 0.98 0.01* 0.13
Total-c /HDL-c¢ ratio
Mean = SEM 4.8 +0.19 4.5+0.19 | 4.8+0.19 4.4+0.19 | 4.7+0.19 4.2+0.17 | 4.8+0.19 4.3+0.19
P 0.04* 0.002* 0.000* 0.002*
LDL-c / HDL-c ratio
Mean = SEM 3.2+0.16 2.8+0.16 | 3.1+0.16 2.7+0.15 | 3.1+0.16 2.7+0.16 | 3.2+0.16 2.8+0.14
P 0.001* 0.000* 0.001* 0.001*

Means were compared using student’s t-test for paired data

n= number of patients

*Differences are significant if P < 0.05




Table -5: Changes in Total antioxidants level (T. antioxidant), antioxidant enzymes: Superoxide

dismutase (SOD) and Catalase (CAT) activity, Glutathione and Lipid peroxidation index (Thio-barbituric

acid reactive substances-TBARS) at different treatment durations compared to their corresponding base

line values, in placebo group (groupl)

Duration of treatment

Baseline 12

. Baseline 3 months | Baseline 6 months | Baseline 9 months
Variable months
n=51 n=>50 n=>50 n=48

T. antioxidant (mM)

Mean+=SEM | 25+0.15 2.7+0.13 | 2.5£0.15 2.5+0.16 | 2.4+0.15 2.2+0.13 | 2.4+0.15 2.3+0.19
P 0.19 0.93 0.09 0.74

SOD activity (U/ml)

Mean + SEM | 2.3+0.24 234025 | 2.240.23 24+0.26 | 2.2+0.23 23+0.26 | 2.2+0.23 2.3+0.28
p 0.76 0.27 0.42 0.19

CAT activity (nmol/min/ml)

Mean £ SEM | 66.6+4.98 68.6+6.61 | 672+507 594517 | 63.8+5.32 63+6.87 | 67.5+5.20 65.3+5.18
p 0.66 0.02* 0.84 0.38

Glutathione (uM)

Mean+=SEM | 33022 322024 | 3.3+0.22 2.7+0.29 | 3.3+0.22 340.20 3.34+0.23 3+0.21
p 0.61 0.04%* 0.20 0.22

TBARS (uM)

Mean £ SEM | 483+ 6.89 53.7+5.77 | 48.3+7.00 54.2£5.95 | 46.2+7.37 48.4+5.86 | 48.1 £7.38 52.9+5.82
p 0.06 0.04* 0.49 0.14

Means were compared using student’s t-test for paired data

n= number of patients

*Differences are significant if P < 0.05




Table -6: Changes in Total antioxidants level (T.antioxidant), antioxidant enzymes: Superoxide
dismutase (SOD) and Catalase (CAT) activity, Glutathione and Lipid peroxidation index (Thio-barbituric
acid reactive substances-TBARS) at different treatment durations compared to their corresponding base

line values, in N. sativa group (group2)

Duration of treatment
Variable | Buseline 3 months | Baseline 6 months | Baseline 9 months | Baseline 12 months
n=351 n=350 n=>50 n=48
T. antioxidant (mM)
Mean £ SEM | 5 110,17 2.840.16 | 2.140.16 2.8+0.14 | 2.140.17  2.8+0.18 | 2.1+0.17 2.9+0.12
p 0.003* 0.000%* 0.002%* 0.000%*
SOD activity (U/ml)
Mean+SEM | | 74018 184017 | 1.640.18 194022 | 1.6+0.18  1.9+0.18 | 1.7+0.19 240.19
p 0.70 0.08 0.04* 0.02*
CAT activity (nmol/min/ml)
Mean £ SEM | 554439 66.6+4.25 | 554+4.42 68.1+3.88 | 53.8+4.27 67.5+4.40 | 558 +4.65 71.7 +4.64
p 0.02%* 0.01%* 0.000%* 0.003*
Glutathione (uM)
Mean =+ SEM | 3.6+026 3.8+026 | 3.7+026 3.7+025 | 3.6+027  4.4+028 | 3.6+0.26 434023
P 0.48 0.97 0.03* 0.01*
TBARS (uM)
Mean = SEM | 5411464 4464452 | 52.6+4.71 37+3.04 | 5324475 4124333 | 522+4.86 41.9+3.16
p 0.05 0.001* 0.02* 0.02*

Means were compared using student’s t-test for paired data

n= number of patients

*Differences are significant if P < 0.05




Table -7: Changes in echocardiographic variables of diastolic function [Ratio of left ventricle early filling
phase velocity E to late filling phase velocity A (E/A ratio), left atrial volume index (LAVI)], and systolic
function [left ventricular internal dimension at systole (LVIDs), fractional shortening (FS) and ejection

fraction (EF)] at different treatment durations compared to their corresponding base line values in the

placebo group (group 1).

Variable

Duration of treatment

Baseline

6 months

Baseline

12 months

Diastolic function

n=25

n=25

E/A ratio
Mean + SEM

p

1.24+£0.09

1.14 £0.08
0.08

1.24+£0.09

1.06 £0.06

0.02*

LAVI
Mean £ SEM

p

10.53 +0.65

11.13+0.67
0.19

10.77£ 0.95

11.61+0.85

Systolic function

n=25

LVIDs (cm)
Mean £ SEM

p

2.96 £ 0.07

3.06 £ 0.06

0.002*

2.92 +£0.06

3.02 £0.06

0.04*

FS%
Mean £ SEM
p

35.84 £0.86

35.09 £ 0.66
0.37

36.57+£0.97

35.95+£0.86
0.36

EF%
Mean + SEM
p

66.82 + 0.89

65.58 +1.24
0.39

67.94 +0.99

66.85+1.33
0.39

Means were compared using student’s t- test for paired data

n= number of patients

*Differences are significant if P < 0.05




Table 8:Changes in echocardiographic variables of diastolic function [Ratio of left ventricle early filling

phase velocity E to late filling phase velocity A (E/A ratio), left atrial volume index (LAVI)], and systolic

function [left ventricular internal dimension at systole (LVIDs), fractional shortening (FS) and ejection

fraction (EF)] at different treatment durations compared to their corresponding base line values in

N.sativa group (group 2).

Means
Variables Duration of treatment
Baseline 6months Baseline 12months
Diastolic function n=25 n=25
E/A ratio
Mean + SEM 1.29+£0.09 1.34 £0.07 1.25+0.09 1.32+£0.08
p 0.55 0.32
LAVI
Mean + SEM 10.95+ 0.68 10.92+0.78 | 10.98+ 0.68 10.91+0.81
p 0.96 0.90
Systolic function n=25 n=25
LVIDs (cm)
Mean + SEM 2.90 £ 0.07 2.80 +0.08 2.93 £0.08 2.76 £ 0.08
p 0.01* 0.000*
FS%
Mean + SEM 38.29+0.98 39.52+0.93 38.00+1.02 39.15+1.01
p 0.03* 0.03*
EF%
Mean = SEM 66.82+0.58 69.13+£0.96 66.35+0.63 68.69+0.91
p 0.02* 0.02*

compared using student’s t- test for paired data

n= number of patients

*Differences are significant if P <0.05

WEre



Table -9: Changes in echocardiographic variables: left ventricular internal dimension (LVIDd), posterior
wall thickness (PWT), interventricular septum thickness (IVS), corrected left ventricular mass (LVMc),
left ventricular mass index (LVMI) and relative wall thickness (RWT) at different treatment durations
compared to their corresponding base line values in the placebo group (groupl)

Variable Duration of treatment
Baseline 6months Baseline 12months
n=25 n=25
LVIDd(cm)
Mean = SEM 4.61 +0.09 4.79 +0.09 4.60 + 0.09 4.85+0.08
p 0.01%* 0.005%*
LVPW (cm)
Mean + SEM 0.94+0.02 0.97 £0.02 0.95+0.03 0.99 +£0.06
p 0.09 0.11
IVS (cm)
Mean + SEM 0.99+0.03 0.98 £0.03 1.00 + 0.04 0.98 £0.03
p 0.72 0.41
LVMc (gram?)
Mean = SEM 153.70+7.81 166.62 7.72 157.09 £8.87  173.96+8.66
p 0.004* 0.005%*
LVMI(g/cm?)
Mean + SEM 78.05 +2.89 84.92+2.81 | 79.13+3.29 87.78 £3.03
p 0.002* 0.005*
RWT
Mean = SEM 0.41+0.01 0.41+0.01 | 0.42+0.01 0.41+0.01
p 0.92 0.52

Means were compared using student’s t- test for paired data

n= number of patients

*Differences are significant if P < 0.05



Table-10: Changes in echocardiographic variables of left ventricular internal dimension (LVIDd),
posterior wall thickness (PWT), interventricular septum thickness (IVS), corrected left ventricular mass
(LVMc), left ventricular mass index (LVMI) and relative wall thickness (RWT) at different treatment
durations compared to their corresponding base line values, in N. sativa group (group2)

Variables Duration of treatment

Baseline 6months Baseline 12months

n=25

n=25

LVIDd(cm)
Mean + SEM

p

4.70 +0.08

4.65 +0.08
0.14

4.72 +0.08
0.06

4.65 +0.08

LVPW (cm)
Mean + SEM

P

1.00+£0.03

0.97 £0.03
0.39

1.01 £0.03 1.00 + 0.04

0.61

IVS (cm)
Mean + SEM

P

1.04 £0.04

1.03+£0.04
0.50

1.02 £0.04
0.49

1.00 £ 0.05

LVMc (gram?)
Mean + SEM

P

173.14+10.80

161.78+11.84
0.09

173.36+10.79 161.20+ 13.83
0.11

LVMI(g/cm?)
Mean =+ SEM

P

86.52+4.74

80.43+5.18
0.06

87.47+4.67
0.07

80.24+5.84

RWT
Mean = SEM

P

0.43 £0.01

0.42 +£0.01
0.81

0.43 +£0.01
0.93

0.43+£0.01

Means were compared using student’s t- test for paired data

n= number of patients

*Differences are significant if P < 0.05




Table - 11: Changes in systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial
pressure (MAP), pulse rate and body mass index (BMI) at different treatment durations compared to their
corresponding base line values in the placebo group (groupl).

Duration of treatment

Variable
Baseline 3months | Baseline 6 months Baseline 9 months | Baseline 12months
n=52 n=52 n=48 n=48
SBP (mmHg)
Mean + SEM | 132 +1.85 132+2.04 | 133 +1.78 132+1.85 | 134+2.02 134 +2.07 | 132+£1.95 134+2.21
p value 0.45 0.24 0.83 0.26
DBP (mmHg)
Mean + SEM | 77.8+1.0 78.3+0.75 | 78.1+1.0 78.5+0.98 | 79.6 +1.06 80.4+1.03 | 78.9£1.08 79.9+1.14
p value 0.46 0.59 0.059 0.23
MAP (mmHg)
Mean + SEM | 9594099 96.2+1.1 | 96.2+1.02 957+1.1 | 97.8+1.14 98.8+1.21 | 96.8+1.09 98.+1.36
p value 0.53 0.47 0.04~ 0.08

Pulse rate (beats/ min)

Mean + SEM | 87.7 +1.13 87.6+1.07 | 88.2+1.12 88.2+1.07 | 87.5+1.33 88.5+1.32 | 87.9£1.22 88.2+1.12
p value 0.75 0.94 0.07 0.64

Body mass index

Mean + SEM | 32.1£0.54 32.2+0.52 | 32.2+0.55 32.3+0.16 | 32+0.59 32.1+£0.12 | 32.1+0.61 32.3+0.6
p value 0.43 0.16 0.12 0.32

Means were compared using student’s t-test for paired data

n= number of patients

*Differences are significant if P <0.05




Table- 12: Changes in systolic blood pressure(SBP), diastolic blood pressure (DBP), mean arterial
pressure (MAP), pulse rate and body mass index (BMI) at different treatment durations compared to their
corresponding base line values in N. sativa group (group 2).

Duration of treatment

Variable
Baseline 3months | Baseline 6 months Baseline 9 months | Baseline 12months
n=52 n=52 n=48 n=48
SBP (mmHg)
Mean £ SEM | 139 42.25 134+2.64 | 138 £2.28 133 £2.83 137 £2.05 132 +£2.29 139 £2.26 129 £2.52
p value 0.007* 0.005* 0.002* 0.000*
DBP (mmHg)
Mean £ SEM | 79.9 +1.18 76.3£1.18 | 79.5 £1.14 76.1£1.23 | 79.6 £1.15 7724094 | 80.4+1.19 76.7+1.13
p value 0.001* 0.002* 0.018* 0.000*
MAP (mmHg)
Mean+ SEM | 992 +1.27 953 +1.44 | 98.9+1.25 95.1+1.49 | 98.8+1.15 95.7+1.24 | 100+1.27 94 +1.41
p value 0.001* 0.001* 0.002* 0.000*
Pulse rate (beats/ min)
Mean + SEM | 86.1 +0.96  84.1 +0.86 | 86 +£0.99 84 +1.03 | 86.3+0.96 84.3+097 | 85.6+0.87 824+1.03
p value 0.005* 0.012* 0.008* 0.003*
Body mass index
Mean + SEM | 30.7+0.57 30.7+0.54 | 30.7+0.58 30.8 +£0.53 | 30.7 £0.54 30.7+0.52 | 30.7+£0.54  30.9+0.51
p value 0.82 0.88 0.85 0.36

Means were compared using student’s t-test for paired data

n= number of patients

*Differences are significant if P < 0.05




