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Purpose: This study was conducted to evaluate the effectiveness of fish oil alone and with an

adjunct, a proprietary chromium complex (PCC), on cardiovascular parameters – endothelial

dysfunction, lipid profile, systemic inflammation and glycosylated hemoglobin – in a 12-week

randomized, double-blind, placebo-controlled clinical study in type 2 diabetes mellitus subjects.

Patients and Methods: In this randomized, double-blind, parallel group study, 59 subjects

in three groups completed the study: Group A, fish oil 2000 mg; Group B, fish oil 2000 mg +

PCC 10 mg (200 µg of Cr3+); and Group C, fish oil 2000 mg + PCC 20 mg (400 µg of Cr3+)

daily for 12 weeks (2000 mg of fish oil contained 600 mg of eicosapentaenoic acid [EPA]

and 400 mg of docosahexaenoic acid [DHA], the omega-3 fatty acids). Endothelial function,

by estimating reflection index (RI), biomarkers of oxidative stress (nitric oxide [NO],

malondialdehyde [MDA], glutathione [GSH]) and inflammatory biomarkers (high-

sensitivity C-reactive protein [hsCRP], intercellular adhesion molecule-1 [ICAM-1], vascu-

lar cell adhesion molecule-1 [VCAM-1], endothelin-1) were evaluated at baseline, and 4 and

12 weeks. Lipid profile, platelet aggregation and glycosylated hemoglobin [HbA1c) were

tested at baseline and 12 weeks. Any reported adverse drug reactions were recorded.

Statistical analysis was performed using GraphPad Prism 8.

Results: The present study shows that fish oil by itself, at a dose of 2000 mg (600 mg of

EPA + 400 mg of DHA) per day, led to significant, but only modest, improvement in

cardiovascular parameters (RI from −2.38±0.75 to −3.92±0.60, MDA from 3.77±0.16 to

3.74±0.16 nM/mL, NO from 30.60±3.18 to 32.12±3.40 µM/L, GSH from 568.93±5.91 to

583.95±6.53 µM/L; p≤0.0001), including triglyceride levels. However, when PCC was added

to fish oil, especially at the 20 mg dose, there were highly significant improvements in all the

parameters tested (RI from −2.04±0.79 to −8.73±1.36, MDA from 3.67±0.39 to 2.89±0.34

nM/mL, NO from 28.98±2.93 to 40.01±2.53 µM/L, GSH from 553.82±8.18 to 677.99±10.19

µM/L; p≤0.0001), including the lipid profile. It is noteworthy that the triglycerides were

decreased significantly by addition of 20 mg of PCC although the dose of fish oil was only 2

g/day and the baseline triglyceride levels were only about 200 mg/dL. Fish oil alone did not

significantly decrease the HbA1c, whereas the addition of 20 mg of PCC did.

Conclusion: Addition of PCC, especially at 20 mg dose, significantly improves the efficacy

of fish oil in addressing cardiovascular risk factors compared to fish oil given alone.
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Introduction
Cardiovascular diseases (CVDs), which include coronary

heart disease (CHD) and cerebrovascular diseases, account

for 21.9% of total mortality and are predicted to increase

to 26.3% by 2030. They are said to be the dominant cause

of death globally.

CVD is a major cause of death and disability among

people with type 2 diabetes mellitus (T2DM). Adults with

diabetes historically have a higher prevalence rate of CVD

than adults without diabetes, and the risk of CVD

increases continuously with rising fasting plasma glucose

levels, even before reaching levels sufficient for a diabetes

diagnosis. Among the specific diseases within that term,

coronary artery disease is supposed to be the most lethal.

An estimated 17.9 million people died from CVDs in

2016, representing 31% of all global deaths. Of these

deaths, 85% are due to heart attack and stroke.1–3

Endothelial dysfunction (EnD) is presumed to play

a significant role in the development of microvascular and

macrovascular disease, causing a considerable increase in

atherosclerotic vascular disease.3 Diminished bioavailability

of the vasodilator nitric oxide (NO), chiefly due to increase in

the deterioration of NO levels by reactive oxygen species

(ROS), results in EnD.4 Oxidative stress, through a single

unifying mechanism of superoxide production, is the com-

mon pathogenic factor leading to insulin resistance, β-cell

dysfunction, impaired glucose tolerance and ultimately to

T2DM. It is suspected to be the underlying cause of both

the macrovascular and microvascular complications asso-

ciated with T2DM. So, therapies aimed at decreasing oxida-

tive stress would be of use in patients with T2DM, and those

at risk for developing diabetes.5 T2DM is managed with oral

anti-diabetic drugs. However, lifestyle modifications, such as

daily exercise and diet control, are essential components in

addressing the problem.

Dyslipidemia is a common feature of diabetes.6 It

seems that dyslipidemia substantially alters endothelial

function, causing a decrease in relaxation of the arterial

vessels.7,8 This irregularity has been observed mainly in

atherosclerotic patients as well as in asymptomatic sub-

jects with hypercholesterolemia.9,10

Diabetes mellitus and hypertension are frequently pre-

sent together. Among many microvascular complications of

diabetes, hypertension has a predominant role in the pro-

gression of diabetic nephropathy by glomerular hyperfiltra-

tion. Hypertension also induces atherosclerosis in diabetes.11

Data from the MRFIT study12 show that the association

between cholesterol and coronary artery disease is strong

and graded across all levels of blood pressure; similarly, the

association between blood pressure and coronary artery dis-

ease is strong and graded across all levels of cholesterol.

Dietary supplementation with omega-3 fatty acids (ω-
3FAs) from fish and krill oils has been a popular way to

improve the lipid profile, especially the triglyceride (TG)

levels, in the blood.13–22 Despite the controversy regarding

the benefits of ω-3FAs, as per the latest Science Advisory

from the American Heart Association, treatment with ω-

3FA supplements in patients with CHD, such as myocar-

dial infarction, is considered reasonable, and ω-3FA treat-

ment is also suggested for patients with prevalent heart

failure without conserved left ventricular function to

reduce mortality and hospitalizations.23

Proprietary chromium complex (PCC; Crominex® 3+) is

prepared by complexation of trivalent chromium chloride

with an aqueous extract of Phyllanthus emblica fruit, which

contains polyphenolic compounds, and purified Shilajit,

which, by virtue of its liposomal fulvic acid content,

increases the bioavailability of chromium. Microcrystalline

cellulose is used as a placebo carrier in the complex.24

Trivalent chromium is an essential mineral that appears to

play a favorable role in the regulation of insulin action,

metabolic syndrome and CVD.25,26 Phyllanthus emblica,

generally recognized as Indian gooseberry or “Amla”, has

been utilized as a well-being product for centuries in India

and other Asian nations. Clinical studies in humans have

proven the hypolipidemic, antioxidant and cardioprotective

activities of P. emblica.27–33 Shilajit, a rock exudate contain-

ing free and chromoprotein-conjugated dibenzo-α-pyrones

(urolithins) and fulvic acids as bioactives, finds broad use in

Ayurveda for different clinical applications, such as improv-

ing cardiovascular health, upregulating collagen and related

extracellular matrix protein genes34–38 Shilajit seems to

induce the growth of blood vessels39 and has a prominent

cardioprotective effect.40

A clinical study with ω-3FA, in combination with

another product, to broaden the spectrum of cardiovascular

benefits of ω-3FA in T2DM, without increasing the size or

cost of the dosage form significantly, is warranted. PCC,

which has been shown previously in T2DM patients to

improve endothelial function and the lipid profile,41–43

may prove to be an ideal candidate to be added to ω-3FA,

as the dose is small (10–20 mg). So, this study was planned

to evaluate the effect of fish oil alone and in combination
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with a PCC on endothelial dysfunction, systemic inflamma-

tion and the lipid profile in T2DM subjects.

Materials and Methods
This prospective, randomized, double-blind, parallel-group

study was conducted in the Department of Clinical

Pharmacology and Therapeutics, Nizam’s Institute of

Medical Sciences, Hyderabad, India. The study was initiated

after prior approval from the Institutional Ethics Committee.

This trial was conducted in accordance with the Declaration

of Helsinki. The CONSORT flow diagram is depicted in

Figure 1. Written informed consent was obtained from all

subjects prior to their participation in the study.

Subjects
Inclusion Criteria

The study included male and female subjects aged 30–65

years, willing to give informed consent and to adhere to

protocol-related study procedures, with fasting plasma

glucose of 110–126 mg/dL and glycosylated hemoglobin

(HbA1c) between 6.5% and 8%; patients on a steady dose

of anti-diabetic treatment (metformin 1500–2500 mg/day)

for the past 8 weeks preceding the screening; and with

EnD (salbutamol challenge test), reported as ≤6% change

in reflection index (RI), and not on any investigational

products in the previous 6 months.

Exclusion Criteria

Subjects were excluded if they had abnormal hematologi-

cal or biochemical parameters considered significant by

the investigators, uncontrolled hypertension (SBP >180

mmHg and DBP >100 mmHg), aspartate transaminase

(AST) and alanine transaminase (ALT) elevation greater

than three times the upper limit of normal, serum creati-

nine >1.5 mg/dL, serum triglycerides (TGs) >500 mg/dL,

were on any other dietary or herbal supplements, and/or

had any medical condition where the physician felt that

participation in the study could be detrimental to their

well-being.

Outcome Measures
Primary

Primary outcome measures were:

1. Improvement in endothelial function as estimated

by >6% change in RI and endothelial function

biomarkers (nitric oxide [NO], glutathione [GSH]

and malondialdehyde [MDA]), at 12 weeks in all

treatment groups.

2. Improvement in vascular inflammation biomarkers

(intercellular adhesion molecule-1 [ICAM-1],

human vascular cell adhesion molecule-1 [VCAM-

1] and endothelin-1 [ET-1]), systemic inflammation

Figure 1 CONSORT flow diagram.
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biomarker (high-sensitivity C-reactive protein

[hsCRP]), glycosylated hemoglobin (HbA1c), pla-

telet aggregation and lipid profile.

Secondary

The secondary outcome measure was to assess the safety

and tolerability of the test medications.

Randomization and Blinding
Out of 77 subjects who were screened, 62 subjects com-

plying with the inclusion criteria were randomized by

computer-generated block randomization to one of the

three treatment groups in a double-blinded fashion. Three

subjects dropped out of the study before the first follow-

up; 59 subjects completed 12 weeks of treatment.

All the study medications (capsules) were similar in

size, color, shape and texture. Each subject was given

a sealed packet containing two sealed bottles, each bottle

containing 33 capsules. They were instructed to take one

capsule from each bottle daily each morning with water,

after breakfast, for a period of 4 weeks. Thereafter, at each

visit the subject was given a new sealed packet containing

two sealed bottles and asked to consume the contents in

the same pattern as instructed earlier.

● Group A: one capsule from each bottle once a day,

each soft gelatin capsule containing 1000 mg of

a refined fish oil concentrate having 300 mg of eico-

sapentaenoic acid (EPA) (TG) and 200 mg of doco-

sahexaenoic acid (DHA) (TG), to provide a total dose

of 2000 mg of fish oil concentrate per day.

● Group B: one capsule from each bottle once a day,

one bottle containing a soft gelatin capsule of

1000 mg of a refined fish oil concentrate having

300 mg of EPA (TG) and 200 mg of DHA (TG),

and the other bottle containing a soft gelatin capsule

of 1000 mg of a refined fish oil concentrate, contain-

ing 300 mg of EPA (TG) and 200 mg of DHA (TG),

and 10 mg of PCC (equivalent to 200 µg of trivalent

chromium) to provide a total dose of 2000 mg of fish

oil and 10 mg of PCC (equivalent to 200 µg of

trivalent chromium) per day.

● Group C: one capsule from each bottle once a day,

each soft gelatin capsule containing 1000 mg of

a refined fish oil concentrate having 300 mg of EPA

(TG) and 200 mg of DHA (TG), and 10 mg of PCC

(equivalent to 200 µg of trivalent chromium) to pro-

vide a total dose of 2000 mg of fish oil and 20 mg of

PCC (equivalent to 400 µg of trivalent chromium)

per day.

The bottles containing the test products were sequen-

tially designated numbers and were dispensed by the phar-

macist to the subjects as per the randomly allocated

sequence. The principal investigator and the subjects

were blinded. After the completion of the study period

the allocations were unblinded to tabulate the data and

perform the statistical analyses.

All subjects were on a steady dose of concomitant

medication (metformin 1500–2500 mg/day) over previous

8 weeks as prescribed by the physician, and the same was

continued throughout the study.

Follow-Up Visits
Subjects were recalled for follow-up visits at 4, 8 and 12

weeks of therapy; they were evaluated for efficacy and

safety at these visits. Endothelial function as estimated by

RI was performed at every visit (baseline, 4, 8 and 12

weeks). Blood samples were collected for evaluation of

oxidative markers (MDA, NO, GSH) and inflammatory

markers (hsCRP, ICAM-1, VCAM-1, ET-1) at baseline and

4 and 12weeks. Lipid profile, HbA1c and platelet aggrega-

tion were evaluated at baseline and at the end of 12 weeks.

A complete physical examination and laboratory investiga-

tions for safety parameters including hematological, hepatic

and renal biochemical parameters were conducted at base-

line and at the end of 12 weeks, and, if deemed necessary,

during the study. At each visit subjects were asked to report

the presence of adverse drug reaction, and these were

recorded in the case report form, if any. The pill-count

method was adapted to check compliance with study med-

ications. Compliance was considered good if >80% of the

time >80% of medication was taken, fair if it was between

60% and 80%, and poor if it was <60%. In the present study

the average compliance in all three groups was 90%.

Methods of Assessment
Endothelial function was evaluated by a salbutamol chal-

lenge test using digital volume plethysmography, as

reported by Chowienczyk et al44 and Naidu et al.45

Subjects were examined in the supine position after 5

min of rest. A digital volume pulse (DVP) was obtained

using a photoplethysmograph (Pulse Trace PCA2, PT200;

Micro Medical, Kent, UK) transmitting infrared light at

Pingali et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:1334

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


940 nm, placed on the index finger of the right hand. The

signal from the plethysmograph was digitized using a 12-

bit analogue-to-digital converter with a sampling fre-

quency of 100 Hz. DVP waveforms were recorded over

a 20-s period and the height of the late systolic/early

diastolic portion of the DVP was expressed as

a percentage of the amplitude of the DVP to yield the

RI, as per the procedure described in detail by Millasseau

et al.46 After DVP recordings had been taken, three mea-

surements of RI were calculated and the mean value was

determined. Subjects were then administered 400 µg of

salbutamol by inhalation. After 15 min, three measure-

ments of RI were obtained again and the difference in

mean RI before and after administration of salbutamol

was used for assessing endothelial function. A decrease

of ≤6% in RI post-salbutamol was considered as EnD.

NO47 (by colorimetric detection with Griess reagents),

MDA48 (by thiobarbituric acid reactive substance test) and

GSH49 (by Ellman’s method) levels were estimated spec-

trophotometrically. The ELISA method was employed to

assess hsCRP, ET-1, ICAM-1 and VCAM-1 levels.

Subjects were asked to come to the department after an

overnight fast, for collection of samples for determination

of hemoglobin, blood urea and serum creatinine, liver

function tests, and lipid profile, ie, total cholesterol (TC),

high-density lipoprotein cholesterol (HDL-C), low-density

lipoprotein cholesterol (LDL-C), very low-density lipopro-

tein cholesterol (VLDL-C) and TGs, using appropriate

standard techniques. A platelet aggregation test with 10

µM/mL ADP and 2 µg/mL collagen was performed by

employing a platelet aggregometry test (Chrono-log light

transmittance aggregometry).

Statistical Analysis
A total sample size of 78 was predicted, to enroll 66

subjects, assuming a pooled standard deviation of 2 units

to achieve a power of 80%, 5% significance, screening

failure of 10% and dropout rate of 10%. Study data are

shown as mean ± SD. The paired t-test was applied to

compare the mean change from baseline to post-treatment

(4, 8 and 12 weeks of treatment) within groups and

ANOVA for between-group comparisons. Post-hoc analy-

sis between the groups was conducted using Tukey’s test.

A p-value of ≤0.05 was taken to be statistically significant.

GraphPad Prism 8 software was used to conduct statistical

analyses.

Results
In this randomized study 59 subjects completed 12 weeks

of treatment. A total of 19 subjects in Group A (fish oil

2000 mg), 20 subjects in Group B (fish oil 2000 mg + PCC

10 mg, equivalent to 200 µg of Cr3+) and 20 subjects in

Group C (fish oil 2000 mg + PCC 20 mg, equivalent to

400 µg of Cr3+) completed the 12 weeks of treatment.

Table 1 depicts the demographic data of the study

population.

As seen from Table 2, all groups showed significant

improvement in RI, illustrating an improvement in endothe-

lial function at 12 (p≤0.0001), 8 (p≤0.0001) and 4 (p≤0.001)
weeks. On further analysis, treatment in Group C gave sig-

nificantly better results than in Groups B and Group A at 12

weeks (p≤0.0001).
The biomarkers of oxidative stress showed improvement

at 12 weeks in all the groups. As depicted in Table 3,

statistically significant differences in mean percentage

change were seen for MDA, NO and GSH. Similar results

were obtained for the markers of inflammation at 12 weeks

(hsCRP, ICAM-1, VCAM-1 and ET-1). Group B treatment

was better than Group A (p<0.0001), while Group

C treatment was more efficacious than the other groups

(p<0.0001). The level of significance between Groups

C and B in improving the ET-1 levels was p<0.05.

As shown in Table 4, at 12 weeks, statistical significance

was seen with all three groups in mean percentage change in

Table 1 Baseline Characteristics of Subjects

Parameter Fish Oil 2000 mg (Group A) (n=19) Fish Oil 2000 mg + PCC 10 mg

(Group B) (n=20)

Fish Oil 2000 mg + PCC 20 mg

(Group C) (n=20)

Age (years) 51.26±5.55 51.20±6.32 50.45±8.06

Gender (M/F) 10/9 10/10 12/8

Body weight (kg) 68.87±6.01 72.73±6.77 70.31±6.39

Height (cm) 162.2±7.03 161.1±6.43 164.9±5.85

BMI (kg/m2) 26.28±1.83 28.15±3.04 25.62±1.93

Note: Values are expressed as mean ± SD.

Abbreviations: SD, standard deviation; BMI, body mass index.
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TC (−7.53%, −14.62%, −23.68 in Groups A, B, C, respec-

tively), HDL (4.74%, 14.14%, 25.11%), LDL-C (−11.06%,

−26.14%, −37.20%), VLDL (−10.23%, −15.98%, −28.06%)

and TGs (−10.10%, −15.00%, −28.11%). The significance at

the end of 12 weeks for Groups A, B and C was p<0.0001

compared to baseline. Between-group analysis showed

Group C to be better than Group A (p<0.0001) and Group

B (p<0.0001) in improving all the parameters except LDL-C,

where there was no significant difference between Groups C

and B. No effect was recorded on platelet aggregation in any

of the groups.

A statistically significant (p<0.0001) decrease in HbA1c

after 12 weeks of treatment was seen in Groups C (from 7.3%

to 6.8%) and B (from 7.1% to 6.8%) (Table 5). Group

A tended to show an increase in HbA1c, while both Groups

B and C had decreased HbA1c, by a modest 3.2% and 6.4%,

respectively. Between-group analysis showed Group C to be

better than both Group A (p<0.0001) and Group B (p<0.05).

All safety hematological and biochemical parameters

were found to be within normal limits in all groups at the

end of 12 weeks. Only one subject in Group C complained

of nausea, which subsided with symptomatic treatment.

However, no subject in any of the groups dropped out of

the study owing to adverse events.

Discussion
Significant, though modest, improvement in endothelial

function (RI), biomarkers of oxidative stress, systemic

and vascular inflammation, and lipid profile was seen

with fish oil alone. Addition of PCC, especially at 20 mg

dose (400 µg of Cr3+), significantly increased the efficacy

of fish oil.

In a 12-week study by Wong et al50 on T2DM patients,

no improvement in EnD was seen with ω-3FA (4 g/day).

Similarly, Siniarski et al51 reported no improvement in

EnD with 1000mg EPA plus 1000mg DHA taken

per day. In a previous study52 in our department, we

showed the beneficial effect of PCC on endothelial func-

tion in T2DM patients. In the present study, we observed

that addition of PCC, especially at 20 mg (400 µg of Cr3+),

significantly complemented the efficacy of ω-3FA in

improving EnD in T2DM subjects. We presume that the

highly significant improvement in endothelial function in

the present study is associated with the combining of fish

oil with PCC.

MDA is a by-product formed by lipid peroxidation due

to free radical generation, whereas GSH is an endogenous

antioxidant and is known to minimize lipid peroxidationT
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resulting from excessive ROS.53 In our study we have

shown statistically significant improvement in the levels

of MDA and GSH in all three treatment groups. Although

the effect of Group A treatment on MDA and GSH was

modest, the endogenous antioxidant power increased sig-

nificantly with the addition of PCC to fish oil. Group

C showed significantly better results than Groups A and

B. The results in the present study are similar to those of

Shidfar et al,54 who related the potential mechanism for

the decrease in MDA to the inhibitory effect of ω-3FAs on
the pro-oxidant enzyme phospholipase A2 and stimulation

of antioxidant enzymes. The improvement in GSH levels

could be due to the positive effect of ω-3FAs in improving

the levels of glutathione reductase.55 So, in our study we

assume that the combination of fish oil with PCC is the

reason for the better results compared to fish oil alone.

NO has an important role in the determination of

vascular health. Impaired bioavailability of NO represents

an essential feature of EnD.56 In a 12-week study by

Asemi et al,57 ω-3FA alone and its combination with

alpha-tocopherol significantly increased NO levels. This

was attributed to direct and indirect effects of ω-3FA on

the arterial wall. In the present study, after 12 weeks of

treatment, levels of NO increased significantly in all the

groups. Group C showed significantly better results than

both Groups A and B, substantiating that endothelial func-

tion had indeed improved very significantly with the addi-

tion of PCC to fish oil. The probable mechanism in

improved NO levels could be as reported by Asemi et al.57

We assume that the combination of fish oil with PCC is

more beneficial than fish oil alone.

Yamada et al,58 in their study on metabolic syndrome

subjects, reported that EPA improved the levels of the adhe-

sion molecules ICAM-1 and VCAM-1. Their results are in

concurrence with the highly significant reductions in ICAM-

1, VCAM-1 and ET-1 in all three treatment groups in our

study, with the best improvement seen in Group C. NO,

a vasodilator, seems to have anti-inflammatory properties

and thus decreases ICAM-1 and VCAM-1 expression.59 In

our study, as mentioned in the previous paragraph,

a significant improvement in NO levels was seen. The posi-

tive effect of ω-3FA on NO levels, along with the inhibitory

effect on endothelial expression of adhesionmolecules, is the

possible mechanism of action of ω-3FAs.60 The addition of

PCC to fish oil in our study seems to have provided a highly

significant response on biomarkers of vascular inflammation,

compared to fish oil given alone.

C-reactive protein is a robust biomarker of chronic

systemic inflammation. Higher values of hsCRP are asso-

ciated with metabolic disorders and its components.61

Schiano et al62 and Mackay et al63 reported no change in

hsCRP and platelet aggregation with ω-3FAs. In previous

studies27,64 carried out in our department, we reported the

beneficial effects of PCC and its constituent materials on

hsCRP. In the present study, we observed a significant

change in hsCRP values at 12 weeks in all three treatment

groups. Group C showed more robust improvement com-

pared to the other two groups. We presume that this was due

to the addition of PCC. No change in platelet aggregation,

akin to the study by Mackay et al,63 was seen in this study.

In a study by Harris et al65 and Koski RR66 in hyper-

triglyceridemia subjects, fish oil (OMACOR –

a prescription product) improved TG, TC, VLDL-C and

HDL-C levels significantly, but increased the LDL-C

levels. In our study, improvement in LDL-C was observed

along with other parameters mentioned in the above

studies.65,66 In a similar study by Bays et al,67 4g/day of

ω-3FA (VASCEPA containing purified EPA and no DHA)

significantly improved TGs without significantly increas-

ing the LDL-C levels. Katoka Y et al,68 also reported the

same. We observed a decrease in the LDL-C levels in our

study. A study by Cicero et al69 in hypertriglyceridemia

subjects reported improvements in TG and HDL-C levels

while no significant difference was seen in TC and LDL-C

levels. Sawada et al,70 in subjects with diminished glucose

metabolism and coronary artery disease, reported improve-

ment in fasting TG levels and TG/HDL-C ratio. They

related this to improved endothelial function. In our

study we observed significant improvements in all the

parameters of the lipid profile in the three treatment

groups. The most significant improvement, seen in Group

C, can be attributed to the addition of PCC.

A meta-analysis of 83 randomized trials by Brown

et al71 showed that increasing omega-3, omega-6 or total

polyunsaturated fatty acids has little or no effect on the

Table 5 Effect of Treatment on HbA1c at 12 Weeks

Group Baseline 12

Weeks

Mean %

Change

Fish oil 2000 mg + placebo (A) 6.9±0.4 7.0±0.4 +2.5±4.3

Fish oil 2000 mg + PCC 200 µg (B) 7.1±0.6 6.8±0.6 −3.2±2.7

Fish oil 2000mg + PCC 400 µg (C) 7.3±0.6 6.8±0.6 −6.4±2.2

Notes: Values are expressed as mean ± SD. Within groups compared to baseline:

Group A ns, Groups B and C p≤0.0001. Between groups: A vs B, A vs C p≤0.0001,
B vs C p≤0.05.
Abbreviation: ns, not significant.

Pingali et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:1338

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


prevention and treatment of T2DM. In our study there was

a significant improvement in HbA1c levels in Groups B

and C, while Group A showed no improvement. The

improvement in Groups B and C can be attributed to PCC.

Conclusion
It can be concluded from this study in T2DM subjects that

fish oil by itself, at a dose of 2000 mg/day, containing

600 mg of EPA plus 400 mg of DHA, led to a modest but

statistically significant improvement in the lipid profile,

including the TG levels and the adhesion molecules, but

only small effects on EnD, oxidative stress biomarkers and

the systemic inflammation biomarker, and no effect on

HbA1c. However, addition of PCC to fish oil, especially

at 20 mg dose, significantly and robustly improved EnD,

the biomarkers of oxidative stress, systemic inflammation

and the lipid profile, but HbA1c only modestly. It is

noteworthy that all three groups showed significant

changes in lipid profile, although the most significant

improvement in lipid profile was obtained with the group

receiving fish oil plus 20 mg PCC. Furthermore, these

results were obtained with only 2 g/day of fish oil. This

study provides initial evidence that the addition of PCC

(Crominex 3+) to fish oil significantly improved the car-

diovascular health benefits of fish oil. The strengths of the

study include that we evaluated the improvement in EnD

by estimating the RI and biomarkers MDA, NO and GSH.

We also evaluated the effect on the vascular inflammation

biomarkers ICAM-1, VCAM-1 and ET-1, and the systemic

inflammation biomarker hsCRP. A limitation of our study

is that we did not include a placebo group.
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