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ABSTRACT  A total of ninety NIDDM male  patients aged 35-50 years, were  studied for this work and equally divided
into three groups viz. Nutrition Counseling Group (NCG) that imparted nutrition counseling through lectures, demonstrations
and visual aids etc. along with prescribed medication, Chromium Supplementation Group (CSG) that was given chromium
picolinate (CrPic) capsules (200g/day) along with prescribed medication and Only Medication Group (OMG) that was
on prescribed medication. After a period of three months, a significant (p  0.01) improvement in the fasting blood
glucose and post prandial glucose levels was observed in both NCG and CSG  patients. There was a significant decrease
in HbA1c values among the subjects in NCG (P  0.01) and CSG ( p  0.05). Serum analysis showed that the chromium
content of 0.54 ± 0.14 ppb significantly  (p  0.01) increased to 2.42 ± 0.55 ppb after the study. The findings of the present
study revealed that chromium supplementation and nutrition counseling, independently and significantly (p  0.01)
decreased TC, TG, LDL-C and VLDL-C and increased HDL-C in three months time. The reduction in TG and VLDL– C
was less significant (p  0.01) in CSG as compared to NCG. The HDL / TC ratio significantly ( p  0.01) improved in both
the NCG (0.19 to 0.23) and CSG (0.21to 0.23), indicating the lower risk of heart attack. Hence, chromium supplementation
is suggested in diabetes as it is effective in improving glycemic index and lipid profile and nutrition counseling should be
intensively imparted for a longer period and delivered by a dietician.

INTRODUCTION

Non- insulin dependent diabetes mellitus
(NIDDM)  is a disorder of carbohydrate metabo-
lism, characterized by high blood glucose level
and glycosuria resulting from dysfunction of pan-
creatic beta cells and insulin resistance (Abate
and Chandalia 2001). It is a global disease, which
prevails all over the world, though the prevalence
rate differs from country to country. According
to World Health Organization (WHO), every fifth
person in the world is suffering from diabetes
directly or indirectly. The WHO has declared
diabetes as an epidemic following an alarming
rise in the number of diabetics in India, China
and United States (Gupta 2000). India harbors
the majority of diabetic people and by the year
2030 AD India will have the largest number of
diabetic patients (Viswanathan 2010). The poor-
ly managed diabetes can lead to a host of long-
term complications like heart attacks, strokes,
blindness, and kidney failure (King et al. 1998).
A tight control on blood glucose level is impor-
tant to delay diabetes related complications. The
control over blood glucose can be checked by

glycosated hemoglobin (HbA1C) which mea-
sures the amount of glucose that has bonded with
the hemoglobin in red blood cells. HbA1c re-
veals average blood glucose levels over the past
two to three months (Rajan et al. 2003).

The management of NIDDM not only requires
the prescription of the appropriate pharmaco-
logical regimen by the physician but also inten-
sive nutritional counseling of the patient. Diet
plays a key role in the management of diabetes
(Manson 2002).Proper guidance and education
given regarding diet and diabetes care makes sig-
nificant improvement in the life-style of diabet-
ics, which is helpful for good glycemic control.
Education to diabetic patients is more effective
if the level of knowledge; attitude and practices
are known (Badruddin et al. 2002).

Chromium is an essential mineral that poten-
tiates insulin. NIDDM (Type 2 diabetes) is actu-
ally triggered by a chromium deficiency and re-
sults in elevated LDL cholesterol and impaired
glucose tolerance. Without ample chromium in
the body blood sugar and fat cannot be properly
regulated resulting in food cravings, obesity, heart
disease and diabetes. As chromium is associated
with increased glucose tolerance and insulin
sensitivity, chromium supplementation is neces-
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sary (Osorio and Castro 2001). A correlation
exists between low circulating levels of chro-
mium and the incidence of type 2 diabetes
(Hummel et al. 2007).Very few controlled stud-
ies have been conducted in India on the benefi-
cial effects of chromium supplementation in
NIDDM patients. Considering the effect of chro-
mium supplementation and nutrition counsel-
ing in minimizing blood glucose swings, im-
proving insulin sensitivity and blood lipid pro-
file, the present study was undertaken.

MATERIAL AND METHODS

Selection of Subjects

 A sample of 90 male NIDDM patients was
selected and studied from SAS Mediscan Grewal
Hospital, Deep Hospital and ECHS (Ex-Service-
men Contributory Health Scheme), located in
Ludhiana, Punjab, North-West India in the year
2004-2005. The subjects were equally divided
into the three groups viz. Nutrition Counseling
Group (NCG), Chromium Supplementation
Group (CSG) and Only Medication Group
(OMG). The subjects of NCG were imparted
nutrition counseling via charts, discussion and
demonstration by individual (after every 15 days)
and group contacts (once every month) along
with prescribed medicines for a period of three
months. The counseling was planned so as to
cover basic nutrition knowledge regarding chro-
mium rich  and fiber rich foods, and knowledge
about the disease, its causes, risk factors, symp-
toms, precautions, complications and its manage-
ment by diet and exercise etc. A special empha-
sis was given to make them aware regarding the
distribution of meals, small and frequent meals,
more consumption of chromium rich foods, fi-
brous foods, increase of activity and weight re-
duction as major goals of treatment. Subjects of
CSG were given chromium supplementation in
the form of chromium picolinate (CrPic) capsules
(200ug/day) along with medical prescription for
a period of three months. Subjects of OMG were
only on medication, no supplementation or nu-
trition counseling was given. Each group was
treated as its own control for a period of one
month.

Serum Analysis

The serum was analyzed for glycemic index,
chromium and lipid profile. Serum glucose, to-

tal cholesterol (TC), high density lipoprotein
cholesterol (HDL-C) and triglycerides (TG) were
also estimated. Low density lipoprotein choles-
terol (LDL-C) was calculated based on the
Friedwald ‘equation’ and Serum Very Low Den-
sity Lipoprotein Cholesterol (VLDL-C) was cal-
culated based on: VLDL=Triglycerides/5.
Glycosylated Hemoglobin (HbA1c) was ana-
lyzed following Nathan (1984). A sub sample of
seven subjects was selected in CSG and their
serum was analyzed for chromium content using
atomic absorption photo spectrometer (AOAC
2000) before and after the study.

Statistical Analysis

The data of blood parameters was analyzed
statistically. The mean, standard error, percent-
ages, analysis of variance, CD value, paired t –
value and their test of significance was calcu-
lated using a computer programme package
(Singh et al.1998).

RESULTS AND DISCUSSION

As per the demographic information of the
present study, maximum number of the patients
was in the age group of 40-45 years in all the
three groups. Majority of the subjects studied up
to high school, that is, 46.67, 63.33 and 36.67
percent in NCG, CSG and OMG, respectively.
Majority of the subjects, that is, 66.67 percent,
66.67  percent and 83.33  percent, respectively
were businessmen, followed by ex-service men:
23.33, 20 and 10 percent, in NCG, CSG and
OMG, respectively. Maximum number of the
subjects: 53.33, 56.67 and 56.67 percent in the
three groups, respectively were in the income
group of Rs. >10,000 per month. The mean per
capita income was Rs 3059, 2628 and 2841 per
month in NCG, CSG and OMG, respectively. The
per capita income at constant price in Punjab was
Rs. 15210 (Anonymous 2003).The mean dura-
tion of diabetes was 4.15, 4.89 and 7.39 years in
NCG, CSG and OMG, respectively. Further,
mode of onset of disease was by typical symp-
toms among 50, 43.33 and 56.67 percent sub-
jects in NCG, CSG and OMG, respectively. The
most common symptoms observed in all three
groups were tiredness, excessive thirst, frequent
urination, frequent hunger and excessive sweat-
ing. It was observed that in NCG 43.37 percent
of the subjects had a positive family history of
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 Blood glucose Before After Percentage Paired   t-value Normal
Value #

Glucose(fasting)      
NCG 165.73 ± 6.61 139.63 ± 4.36 -15.75 09.37*** 80-115
CSG 149.97 ± 5.93 138.67 ± 4.56   -7.53 6.65***
OMG 168.47± 6.95 156.07 ± 5.83   -7.36 7.71***
F- ratio     4.11**     5.86**
CD   13.67   14.97

Glucose (PP)
NCG 257.20 ± 42.10 216.50 ± 31.17 -15.82 11.45*** 120-160
CSG 256.03 ± 78.53 232.93 ± 63.34   -9.02  6.27***
OMG 253.20 ± 61.14 236.60±62.18   -6.56  3.18***
F- ratio     0.78     3.18
CD NS   10.85***

Table 1: Mean fasting and post prandial blood glucose levels of NIDDM  patients (Mean ± SE) before and after the
study

Figures with different superscripts in a column differ significantly
*** Statistically significant at 1%,** Statistically significant at 5%,
#  Raghuram et al. (1993)

the diabetes with a single diabetic parent whereas,
in CSG 60 percent and in OMG 56.67 percent
subjects had a positive family history of the dia-
betes.

Table 1 depicted mean fasting and post pran-
dial glucose (GPP) levels of the NIDDM sub-
jects. It was observed that there was a signifi-
cant (p  0.01) improvement in the fasting blood
glucose (FBS) and post prandial glucose (GPP)
levels in both NCG and CSG after three months
of nutrition counseling and chromium supple-
mentation as shown by mean values of fasting
and post  prandial glucose levels which decreased
significantly (p  0.01) from the initial values.
Maximum change was observed in the values of
subjects in NCG group, followed by CSG group.
However, the mean value of FBG was higher
initially and after the intervention in all the three
groups as compared to the normal range (70-115
mg/dl). The present study indicated that though
GPP levels significantly decreased after three
months of intervention in all three groups, how-
ever, the levels were above normal range (120-
160 mg/dl) before and after the study. Further, a
significant (p  0.01) difference was observed in
GPP levels among the subjects in the three groups
after the study. Maximum change was observed
in NCG, followed by CSG. The initial higher fast-
ing blood glucose and post prandial values dem-
onstrated a lack of metabolic control and need
for improved nutrition counseling.

The improvement in GPP values in NCG
might be due to the effect of counseling about
low-fat, high-fiber diet which delays the glucose
absorption after a meal, resulting in improved

glucose tolerance. Further, subjects were coun-
seled about the best sources of chromium that is
brewer’s yeast, liver, egg yolks, broccoli, whole-
grain cereals, bran, and wheat germ, almonds
and oysters  etc. (Anderson 1992). They were
also made aware about the facts that the foods
high in sugars, processed foods and refined foods
are not only low in chromium, but also stimulate
chromium losses from body. However, improved
GPP values in CSG could be due to the effect of
chromium supplementation which is thought to
make insulin work effectively.

Chromium, found naturally in foods in small
amounts, is not well absorbed by the body. It is
required for cellular uptake of glucose. Chro-
mium supplementation may improve insulin sen-
sitivity; thus, it has been used as adjunct treat-
ment of diabetes mellitus in humans. In accor-
dance with the present findings in an another
study by Bahijiri et al. (2000), it was observed
that  supplementation by  23.3ug Cr / day to the
diabetic patient, resulted in a significant decre-
ase in fasting and post prandial glucose levels
and triglycerides. Osorio and Castro (2001) re-
ported that chromium is referred to as the “ma-
ster regulator,” as its main action is thought to
be the regulation of blood sugar levels in the
body. Chromium improved impaired glucose
tolerance; decreased elevated blood lipid con-
centrations and resulted in weight loss and im-
proved body composition.

Table 2 shows the effect of chromium sup-
plementation and nutrition counseling on gly-
cosylated hemoglobin (HbA1c). There was a
significant decrease in HbA1c values among the
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subjects in NCG (p  0.01) and CSG (P  0.05)
groups. Maximum change in HbA1c value was
observed among the subjects in NCG group (9.65
percent), followed by CSG group (5.13 per-
cent).However, the change in the OMG was not
significant after the study, indicating that chro-
mium supplementation improved the chromium
status in the body which helped to potentiate in-
sulin action, thereby improving and leading to a
better glycemic control.

The data of the present study demonstrated
that initially majority of the subjects in the three
groups had poor control (that is >7.6) over blood
glucose levels, however, fair control (that is >
6.8-7.6) and good control (5.5-6.8) was achie-
ved by maximum percentage of subjects in NCG
and CSG, respectively after three months as
shown in Table 3. The decreased HbA1c level in
CSG suggested that chromium supplementation
was associated with increased glucose tolerance
and insulin sensitivity. Findings of the present
study were similar to the previous results in a
study reported by Kleefstra et al. (2002) who
found that in Chinese NIDDM population,
supplementation of 1000 g of chromium led
to a fall in the glycosated hemoglobin level
(HbA1c) by 2 percent. Further, Balk et al. (2007)
reported that chromium supplementation im-
proved glycosated haemoglobin levels by -0.6
percent and fasting glucose by -1.0mmol/l. Sig-
nificant improvements in the HbA1c values in
NCG proved that the nutrition counseling was

HbA1C Before After % age t-value HbA1c
value @

NCG 7.98 ± 0.32 7.21 ± 0.26 -9.65 9.58*** 4.2-5.5 %1
CSG 7.99 ± 0.46 7.58 ± 0.40 -5.13 5.29*** 5.5-6.8 %2
OMG 9.35 ± 0.68 8.88 ± 0.57 -5.03 3.62*** 6.8-7.6 %3
F- ratio 2.57 1.94 - -                          >7.6 %      4
CD NS NS - - -

Table 2: Mean HbA1c Values of NIDDM patients before and after the study

*** Statistically significant at 1% , **Statistically significant at 5%
1Normal values, 2Good control   3Fair control, 4Poor  control, @ Nathan et al. (1984)

an important and essential tool in the manage-
ment of NIDDM as it is associated with favou-
rable trends in glycemic control. Results of the
present investigation were in accordance with  a
previous study  by Ziemer et al.(2003) which
stated that in diabetic patients the HbA1c level
decreased from 9.7 to 7.8 percent with the healthy
food choices and from 9.6 to 7.7 percent with
the an exchange-based meal plan in a period of
six  months. According to Broadhurst and Do-
menico (2006),13 of 15 clinical studies (includ-
ing 11 randomized  controlled studies) involv-
ing a total of 1,690 subjects (1,505 in CrPic gro-
up) reported significant improvement in gly-
cemic control after chromium supplementation.

Serum analysis was done to see the effect of
chromium supplementation and nutrition coun-
seling on serum chromium.  The findings of the
present study revealed that the mean initial level
of chromium  was 0.54 ± 0.14 ppb which signifi-
cantly (p p  0.01) increased to 2.42 ± 0.55 ppb.
However, these results proved a better retention
of chromium in the body when supplemented
with 200 g CrPic / day. The improved chro-
mium status in CSG could be due to the chro-
mium supplementation, which possibly enhanced
the chromium retention in the body as depicted
by increased chromium levels in serum. The gen-
eral population ranges of chromium in serum
were <0.75 mg - <0.6 mg / l (Liu and Morris
1996). Further, in another study, it was reported
that Cr effects were greater for the dose of 1000

NCG CSG OMG HbAIc @
Range

  2  (6.67)   4(13.33)   1  (3.33)   2  (6.66)     (0)   1  (3.33) Normal (4.2-5.5)
  7(23.33)   7(23.33)   9(30) 10(33.33)   4(13.33)   4(13.33) Good    (5.5-6.8)
  3(10)   9(30.01)   9(30.01)   7(23.33)   6(20)   6(20) Fair      (6.8-7.6)
18(60) 10(33.33) 11(36.67) 11(36.67) 20(66.67) 19(63.33) Poor   (77.6)

Table 3: Percent distribution of NIDDM patients according to their HbA1c level

Figures in parentheses are percentages of subjects, @ Nathan et al. (1984)

Before After Before After Before After
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μg per day than  200 g per day. HbA1c was
reported 7.5 ± 0.2 percent in the 200 g group
and 6.6 ± 0.1 percent in the group of subjects
receiving 1000 g of Cr picolinate per day for
four months (Anderson et al. 1997). Racek et al.
(2006) reported that supplementation with 400
g Cr/d as Crenriched yeast showed a signifi-
cant increase in serum Cr.

Diabetes characterized by insulin resistance
and elevated blood glucose levels can lead to
hyperglycemia, dyslipidemia and dysprotein-
aemia. Persons with diabetes often have associ-
ated lipid disorder, particularly increased serum
triglyceride levels (Ramachandran et al. 2002).

Table 4 shows the effect of chromium sup-
plementation and nutrition counseling on lipid

profile. Data presented here, clearly showed that
the chromium supplementation and nutrition
counseling, independently and significantly (p 
0.01) decreased TC, TG, LDL-C and VLDL-C
and increased HDL-C in three months time. The
mean values of TG before and after the study
were on higher side in all the three groups than
the desirable value of <150 (Raghuram 1993). A
statistically significant decrease (p  0.01) was
observed in TC values after study period in both
the NCG (183 .60 mg/dl) and CSG (178.70 mg/
dl). The initially higher mean TC values were
within the normal range in NCG and OMG, after
three months. Further, the HDL / TC ratio sig-
nificantly (p  0.01) improved in both NCG (0.19
to 0.23) and CSG (0.21to 0.23) indicating the

Variable Before After % change Paired t Refere
values ncesta

ndard +

TC NCG 207.30 ± 6.0 183.60 ± 6.02 -11.43 18.02*** <200
CSG 190.27 ± 9.57 178.70 ± 9.22   -6.08   6.55***
OMG 200.07 ± 9.76 196.53 ± 9.35   -1.77   2.04**
F - ratio     0.98     1.22
CD NS NS

TG NCG 184.03 ± 13.85 170.33 ± 11.37   -7.44   3.61*** <150
CSG 181.73 ± 20.13 162.33 ± 15.05   -6.01   1.83*
OMG 192.33 ± 17.98 183.87 ± 15.94   -4.40   2.67**
F - ratio     0.67     0.71
CD NS NS

LDL-C NCG 125.30 ± 6.21 109.60 ± 5.45 -12.53   6.25*** 80-160
CSG 98.80   ± 7.16   91.03 ± 5.99   -7.86   4.94***
OMG 108.57 ± 8.74 102.37 ± 7.93   -5.71   5.70***
F - ratio     3.24     2.47
CD   20.92 NS

HDLC NCG   38.37 ± 1.47   41.57 ± 1.49    8.34 10.91*** 40-70
CSG   36.60 ± 1.48   38.70 ± 1.51    5.74   6.11***
OMG   41.33 ± 1.20   41.77 ± 1.15    1.06   1.75*
F - ratio     2.98     1.51
CD NS NS

VLDL NCG   36.81 ± 2.77   34.15 ± 2.27   -7.23   3.61*** <40
CSG   36.35 ± 4.03   34.16 ± 3.01   -6.02   1.83*
OMG   38.49 ± 3.59   36.77 ± 3.19   -4.47   2.74***
F - ratio     1.18     1.54
CD NS NS

HDL/TC NCG     0.19 ± 0.09     0.23 ± 0.012  21.05 12.26*** > 0.24
CSG     0.21 ± 0.13     0.23 ± 9.52    9.52  6.02***
OMG     0.22 ± 0.01     0.23 ± 0.01    0  2.48**
F- ratio     2.29     0.23
CD NS NS

TG/HDL NCG     0.25 ± 0.025     0.27 ± 0.20    8.00  2.63*** < 2
CSG     0.25 ± 0.027     0.27 ± 0.21    4.00  1.40 NS
OMG     0.27 ± 0.02     0.27 ± 0.02    0  0.10 NS
F- ratio     0.98     0
CD NS NS

Table 4: Lipid Profile of NIDDM patients before and after the study

Figures with different superscripts in a column differ significantly
***Statistically significant at 1%, **Statistically significant at 5%,
NS=Non significant, +Raghuram et al. (1993)
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lower risk of heart attack, while there was no
improvement in HDL / TC ratio in OMG. The
TG / HDL-C ratio improved significantly (p 
0.01) in NCG after a period of three months, but
a non significant change was observed in the TG
/ HDL-C ratio in CSG and OMG. The decrease
in lipid profile was at par among the patients in
the three groups after the study. An improved li-
pid profile of NCG and CSG was observed after
three months of counseling which indicated that
chromium supplementation and nutrition coun-
seling independently and significantly gave a
better control of glucose and HbA1c, and helped
in improving lipid profile. Though the reduction
in TG and VLDL–C was less significant (p 
0.01) in CSG.

The present results are in line with  those of
Hovarth (2008) who observed that the lipid im-
balance and insulin resistance was corrected by
the cholesterol-lowering action of chroimium
picolinate (CrPic). Similarly, Bahijiri et al.
(2000), observed that the chromium (Cr) sup-
plementation (200g Cr/day) for a period of ei-
ght weeks resulted in a significant decrease in
the means of TG levels in type 2 diabetes pa-
tients Whereas, in another study by Anderson et
al. (1997) it was observed that the plasma total
cholesterol decreased in the subjects receiving
19.2 mol /day Cr after four months, proving the
significant beneficial effects of chromium in in-
dividuals with NIDDM. Replacement of satu-
rated fat in the diet with carbohydrates from
whole grains, legumes, salads and fruits reduc-
ed total cholesterol, LDL-C, VLDL-C and HDL-
C. The nutrition transition as a result of counsel-
ing towards unrefined foods, chromium rich
foods like whole cereals, legumes, spinach, apple
with peel, mushrooms and high fiber foods
played important role in curbing the high glu-
cose and lipid levels in the blood and in imp-
roving chromium status in serum. Subjects were
also taught to consume small and frequent meals,
low glycemic index foods and do more physi-
cal activity. The findings of the present study are
in accord with studies of Gulati (2002) who re-
ported that nutrition counseling not only redu-
ced the risk of secondary complications in dia-
betic subjects but also significantly decreased the
post prandial glucose level and lipid profile and
Sook et al. (2001) who reported significant de-
creased mean serum glucose and atherogenic
index in the diabetic and hyperlipaemic subjects
after nutrition education was reported (Table 5).

CONCLUSION

Chromium picolinate (CrPic) could be an ex-
cellent agent to be considered in the treatment
and prevention of hyperglycemia and hyperli-
pidemia as chromium supplementation was as-
sociated with increased glucose tolerance and
insulin sensitivity. Further, the counseling about
more consumption of chromium rich foods, de-
creased consumption of highly processed foods
and chromium as a regulator of blood sugar that
potentiates insulin which influences carbohy-
drate, lipid and protein metabolisms could be the
reason for the improved blood lipid profile in
NCG after three months  Besides that counsel-
ing about chromium and fiber rich foods, less
saturated fat intake and inclusion of physical
activity to bring about a behavioral change could
also have helped in curbing glucose levels and
lipid profile in NCG group. Therefore, chromium
supplementation and nutrition counseling fa-
vourably influenced serum lipoproteins and gly-
cemic index and importantly decreased the risk
of coronary artery disease in NIDDM patients.

RECOMMENDATIONS

The nutrition counseling programme should
be multiprolonged, interesting and based on in-
dividual needs. Family of the NIDDM patient
must also be counseled regarding food and nu-
trient intake. To be effective, nutrition counsel-
ing should be delivered by a dietician based on
individual needs and for a longer period. Chro-
mium supplementation should be suggested to
the patients for improved chromium status in the
body.
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