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Clinical Investigation

The Effect of Chromium Picolinate on Serum Cholesterol
and Apolipoprotein Fractions in Human Subjects

RAYMOND 1. PRESS, MD, and JACK GELLER, MD, San Diego, and GARY W. EVANS, PhD, Bemidji, Minnesota

Chromium has been implicated as a cofactor in the maintenance of normal lipid and carbohydrate
metabolism. A deficiency of chromium results from diets low in biologically available chromium.
Picolinic acid, a metabolite of tryptophan, forms stable complexes with transitional metal ions,
which results in an improved bioavailability of the metal ion chromium. To determine whether or not
chromium picolinate is effective in humans, 28 volunteer subjects were given either chromium
tripicolinate (3.8 umol [200 ugJ chromium) or a placebo daily for 42 days in a double-blind
crossover study. A 14-day period off capsules was used between treatments. Levels of total
cholesterol, low-density lipoprotein (LDL) cholesterol, and apolipoprotein B, the principal protein of
the LDL fraction, decreased significantly while the subjects were ingesting chromium picolinate.
The concentration of apolipoprotein A-I, the principal protein of the high-density lipoprotein (HDL)
fraction, increased substantially during treatment with chromium picolinate. The HDL-cholesterol
level was elevated slightly but not significantly during ingestion of chromium picolinate. Only
apolipoprotein B, of the variables measured, was altered significantly during supplementation with
the placebo. These observations show that chromium picolinate is efficacious in lowering blood
lipids in humans.
(Press RI, Geller J, Evans GW: The effect of chromium picolinate on serum cholesterol and apolipoprotein fractions in human
subjects. West J Med 1990 Jan; 152:4145)

Heart disease is one of the leading causes of death in the
world today, and among the factors that lead to heart

disease is hypercholesterolemia. 1-3 Several factors have been
implicated as the cause of hyperch6lesterolemia, including
diet.4 Diet is responsible for elevated cholesterol levels
through both excesses and deficiencies of certain nutrients.
Among the possible deficiencies in the diet are some trace
minerals, and one that has been implicated is chromium.5'9

Early experiments showed that elevated serum choles-
terol levels and aortic plaques occurred when diets deficient
in chromium were fed to rats. The lipid abnormnalities were
not present in rats given supplemental chromium chloride.5
When atherosclerotic plaques were induced in rabbits by a
high-cholesterol diet, regression ofthe plaques was observed
when the animals were injected with potassium chromate.6 In
humans, Schroeder and co-workers first discovered that
aortas of persons who died of heart disease contained sub-
stantially less chromium than aortas from healthy accident
victims.7 Moreover, in a carefully conducted study, Newman
and associates showed that patients with coronary artery
disease had lower serum chromium concentrations than sub-
jects with normal arteries.8 Later, Simonoff and colleagues
obtained identical results.9 Most striking is the fact that both
Newman and Simonoff and co-workers noted that coronary
artery disease was most prevalent in persons with plasma
chromium levels of less than 0.006 yig per liter.

Chromium deficiency occurs when dietary intake fails to

keep pace with loss.10 An inability to obtain enough chro-
mium from the diet occurs for two basic reasons, the obvious
lack ofmetal in the diet and the less obvious availability ofthe
chromium that is present in the diet. The 1980 National
Research Council, National Academy of Sciences, recom-
mendation for a safe and adequate intake for chromium is 50
to 200 ,ug a day."' Some studies conclude that the standard
North American diet contains less than 50 jig per day chro-
mium.12,13 Most processed foods contain decreased amounts
of chromium.13 In addition, serum chromium levels de-
crease with age, and the amount of chromium excretion in-
creases with infection, pregnancy, high glucose intake, and
stress. 14-18

Due to the ever-present competing ions such as copper,
iron, manganese, and zinc, as well as the tendency for hydra-
tion and possibly other factors, the availability of chromium
from the diet may be as much a problem as quantity. Several
studies have provided evidence that an adequate absorption
ofchromium occurs only when the metal is associated with a
specific organic molecule synthesized in kidney and certain
yeast.101920 Because these food items are not staples of
modern diets, many investigators have attempted to isolate
and identify a chelator that will improve the utilization of
chromium. Picolinic acid is an effective metal chelator syn-
thesized from tryptophan in both mammalian kidney cells21
and brewer's yeast (H. Peppler, PhD, written communica-
tion, April 1987).22 In addition, picolinic acid has been iden-
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tified in both intestinal cells and human milk,23 24 and com-
plexes of zinc and picolinate are used much more efficiently
than other forms of zinc.2''25 Thus, picolinic acid may be a
naturally produced ligand that facilitates the absorption and
transport of ions in children and adults. Because chromium
readily forms stable complexes with picolinic acid, this study
was designed to test the effectiveness ofchromium picolinate
in humans.

Subjects and Methods
Subjects for the study were obtained after screening vol-

unteers from among employees of Mercy Hospital and Med-
ical Center, San Diego, California, and friends and relatives.
A total of 32 volunteers aged 25 to 80 years with total choles-
terol levels of5.7 to 8.3 mmol per liter (220 to 320 mg per dl)
were initially chosen. No subject had a history of hypothy-
roid disease, renal failure, liver disease, diabetes mellitus,
known familial lipid disorder, alcohol or drug abuse,
bleeding disorders, multiple allergies, or any other serious
medical illness, and none were pregnant at the outset. None
ofthe subjects were using (3-blockers, thiazide diuretics, ste-
roids, chromium supplements, or any investigational drugs.
The volunteers were requested not to alter their dietary or
exercise habits during the course of the study. Informed con-
sent was obtained as specified by the Mercy Hospital Institu-
tional Review Committee, and the subjects were paid a sti-
pend for their participation.

Chromium tripicolinate, herein referred to as chromium
picolinate, was synthesized by first dissolving 2.66 grams
chromic chloride in 25 ml warm (60°C) deionized water.
Thereafter, 3.69 grams picolinic acid (Sigma Chemical, St
Louis) was added, and the contents were stirred with gentle
heating until the solution turned purple and crystals began to
form. The solution was then left standing at 4°C overnight.
The supernatant was then discarded, and the crystals were
air-dried at room temperature. An analysis of the crystals
indicated that the complex consisted of 3 mol picolinate per 1
mol Cr+3, with a molecular weight of418.

For the double-blind, crossover study, subjects were di-
vided randomly into two treatment groups by a nonpartici-
pant. During each half ofthe study, participants ingested one
gelatin capsule per day that contained either chromium pico-
linate or a placebo. The chromium picolinate supplement
contained 1.6 mg chromium tripicolinate (200 Ag Cr+3)
mixed with 5 mg calcium phosphate. The placebo contained
only 5 mg calcium phosphate. The study consisted of two
42-day periods with a 14-day period off capsules between
treatments. Compliance was monitored by a capsule count. *

At the beginning, after three weeks, and at the end ofeach
period, heart rate, blood pressure, weight, and temperature
were measured and a fasting blood specimen was drawn. The
serum variables measured included total cholesterol, low-
density lipoprotein (LDL) cholesterol, high-density lipopro-
tein (HDL) cholesterol, triglycerides, apolipoprotein A-I,
and apolipoprotein B. Serum concentrations of cholesterol
and triglycerides were determined with an Olympus 500 Au-

*Research was coordinated by Elizabeth Maiwurm, RN.

tomated Colormetric System (Olympus Instrument Co, Los
Angeles). The HDL-cholesterol level was assayed with an
enzyme heparin-manganese chloride precipitation meth-
od.26 The LDL-cholesterol value was estimated by the
method of Friedewald and co-workers." Concentrations of
apolipoprotein A-I and apolipoprotein B in serum were as-
sayed with a nephelometric immunoassay28 using a Boeh-
ringer laser kit.

For statistical analysis, the values obtained at the begin-
ning and at the end ofeach 42-day period were used. Because
each subject served as his or her own control, paired t tests
were used to identify statistically significant differences be-
tween mean values of changes and differences in changes.
Student's t test and P values were determined with the pro-
gram "WormStat."*

Results
At the completion of the study, 28 of the original partici-

pants remained. TWo subjects had moved, one became preg-
nant, and one, a 51-year-old woman, started menopause and
began having "hot flashes."

The results obtained after analyzing the serum choles-
terol and serum apolipoprotein fractions are shown in Fig-
ures 1 through 4. As shown in Figures 1 through 3, total
cholesterol, LDL-cholesterol, and apolipoprotein B levels
were all significantly decreased (P=.007, P=.015, and
P=.003, respectively) during the first six-week period in
subjects who began the study with the chromium picolinate
supplement. The effect of chromium picolinate apparently
persisted after the supplement was discontinued because the
levels of each of those three variables after 14 weeks were
lower than the initial levels (Figures 1 through 3). No signifi-
cant alterations (P> .05) were observed in any ofthese vari-
ables during the last six-week period when the subjects were
ingesting the placebo.

No significant change (P>.05) was observed in either
serum total cholesterol or LDL-cholesterol levels during the
first six-week period among the subjects who began the study
with the placebo supplement. The levels ofboth total choles-
terol and LDL-cholesterol, however, decreased significantly

*Statistical analysis was done by Jim Koziol, PhD, Scripps Clinic and Research
Foundation, La Jolla, California.
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FigUre 1.-Serum total cholesterol levels are shown in subjects sup-
plemented alternately with chromium picolinate (CrPic) and a pla-
cebo for 6 weeks. The vertical lines depict the standard error of the
mean.
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(P= .009 andP= .003, respectively) during the final 42 days
while these subjects were ingesting the chromium picolinate
supplement (Figures 1 and 2). In the group that began the
study with the placebo, apolipoprotein B levels increased
slightly but not significantly (P=.058) during the first eight
weeks and then decreased, but not significantly (P=.072),
after supplementation with chromium picolinate (Figure 3).
The apolipoprotein A-I level was significantly elevated
(P=.047) during the first six-week period in the subjects
who started the study with the chromium picolinate supple-
ment. No significant change (P>.05) was observed during
the final 42 days. Apolipoprotein A-I levels in the placebo-
first group increased, but not significantly (P=. 165), during
the first six weeks and then decreased during the off-capsule
period. During the chromium picolinate supplementation pe-
riod, apolipoprotein A-I levels were increased significantly
(P= .007) in these subjects (Figure 4).

The consolidated results ofthe study are listed in Table 1.
When the results from the 28 subjects were combined, signif-
icant (P< .001) reductions occurred with both total choles-
terol and LDL-cholesterol concentrations during the 42-day
period that chromium picolinate was ingested. The total cho-
lesterol concentration decreased 7% -from 7.1 to 6.6 mmol
per liter (276 to 256 mg per dl) while LDL-cholesterol levels
decreased 10.5% from 5.7 to 5. 1 mmol per liter (200 to 178
mg per dl) during treatment with chromium picolinate. Of
the final 28 subjects, 22 had lower total cholesterol values, 2
had no changes, and the remaining 4 had cholesterol concen-
trations elevated less than 0.1 mmol per liter (5 mg per dl).
With LDL-cholesterol, 20 subjects had decreased concentra-
tions, 3 had no changes, and the others had slightly elevated
concentrations of LDL-cholesterol. The concentration of
serum HDL-cholesterol increased slightly but not signifi-
cantly (P> .05) during the period the subjects were ingesting
chromium picolinate.

While subjects were ingesting the placebo, slight but sta-
tistically insignificant (P>.05) elevations occurred in the
serum levels ofboth total cholesterol and LDL-cholesterol.

When the volunteers were treated with chromium picoli-
nate, the concentration of serum apolipoprotein B, the prin-
cipal protein ofthe LDL-cholesterol fraction, was decreased
significantly (P=.001). An analysis of the values obtained
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Figure 2.-Serum low-density lipoprotein cholesterol levels are
shown in subjects supplemented alternately with chromium picoli-
nate (CrPic) and a placebo for 6 weeks. The vertical lines depict the
standard error of the mean.

from all 28 subjects showed a reduction of 16% from 155 to
130 mg per dl. The principal protein ofthe HDL-cholesterol
fraction, apolipoprotein A-I, was significantly elevated
(P=.003) in the serum of subjects ingesting chromium
picolinate.

During the period the subjects ingested the placebo, apo-
lipoprotein B was elevated significantly (P< .05). A slight
but not significant (P> .05) elevation in apolipoprotein A-I
was also observed while the subjects were supplemented with
the placebo. No significant changes occurred in serum tri-
glyceride levels, weight, blood pressure, temperature, or
heart rate with either chromium picolinate or placebo.

Despite the fact that the supplements were distributed
randomly, the concentration of each of the lipid variables
was consistently lower in the subjects at the start of the pla-
cebo supplementation period. By coincidence, the 14 sub-
jects who started the trial with the placebo had serum lipid
levels considerably lower than the 14 who started with chro-
mium picolinate. Thus, because the mean levels of 14 sub-
jects were initially lower, coupled with the fact that the other
14 started with lower lipid levels resulting from successful
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Figure 3.-Serum levels of apolipoprotein B are shown in subjects
supplemented alternately with chromium picolinate (CrPic) and a pla-
cebo for 6 weeks. The vertical lines depict the standard error of the
meah.
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Figure 4.-Serum levels of apolipoprotein A-I are shown in subjects
supplemented alternately with chromium picolinate (CrPic) and a pla-
cebo for 6 weeks. The vertical lines depict the standard error of the
mean.
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TABLE 1.-Serum Lipid Values After Supplementation With Chromium Picolinate and Placebo*

Treatment
Chromium Picolinate Placebo

Change Change
Serum Fraction Initial Final (P) Initial Final (P)

7.1±1.0 6.6±1
276±40 256±4

1.0
.1

LDL, mmol/liter ............... 5.7±1.1 5.0±1.0
mg/dl ............... 200±39 178±35

-HDL, mmol/liter .............. 1.3±0.4 1.4±0.4
mg/dl ............... 52±16 55±17

Apolipoproteins
Apo A, mg/dl 147±28 163±331

Apo B, mg/dl ..... 155±50 130±45

Triglycerides
mmol/liter ..................

mg/dl .....................

1.9±0.7 1.9±0.9
168±65 167±76

- 0.5
-19
(.0003)
- 0.6
-21
(.0003)
+ 0.1
+ 3
(.118)

+16
(.003)
-25
(.001)

- 0

- 1

(.246)

6.8±0.9 6.8±1.0
262±34 265±38

5.2±0.9
184±31

1.4±0.3
53± 13

153±26

115±32

5.3±0.8
188±30

1.4±0.4
53±17

164±40

129±36

1.9±0.7 2.0±1.0
165±65 175±88

+ 0.1
+ 3
(.282)
+ 0.1
+ 4
(.106)
+ 0

+ 0.7
(.369)

+11
(.077)
+14
(.023)

+ 0.1
+10
(.151)

HDL-high-density lipoprotein, LDL=low-density lipoprotein

*The values listed were obtained by calculating the mean plus or minus the standard deviation for all subjects before and after the
intake of chromium picolinate or placebo regardless of the order of supplementation. Thus, the values represent a composite mean±$D
for all 28 subjects completing the study. Statistical significance of the changes was determined from the paired values for each person
as described in the text.

and persistent treatment effects with chromium picolinate,
the numeric means listed in Table are less at the start of
treatment with the placebo. As shown in Figures 1 through 4,
regardless of the starting level, treatment with chromium
picolinate produced significant changes.

DiscUssion
The results obtained in this study show that chromium

picolinate may be an effective agent for treating serum lipid
disorders. In a related study, we observed significant de-
creases in the levels of both fasting glucose and glycosylated
hemoglobin in persons with diabetes mellitus.29 Thus,
chromium picolinate is a biologically active form of chro-
mium. Some published studies have shown no beneficial ef-
fects from chromium supplementation. Anderson has sug-
gested that in those studies, the subjects may have had
adequate chromium nutriture, which would explain the lack
of effect.30 To date, however, studies involving chromium
have been confined to supplementation with chromium salts,
high chromium yeast, or other organic forms of chromium.
Although an adequate chromium status of the body might
preclude effective treatment with chromium supplemhents,
the bioavailability of the chromium must also be considered
as a contributing factor.

Because several investigations have implicated chromium
as a regulatory component in lipid and carbohydrate metabo-
lism,5-10 we assume that the chromium ion is the active factor
while picolinic acid serves as the chelator to improve bio-
availability.21 Because the experimental design precluded ob-
taining direct evidence that chromium is the active ingredient
of the complex, however, one cannot dismiss the possibility
that the entire chromium picolinate complex may be in-
volved. Also, because picolinic acid is an isomer of nicotinic
acid, which is used in high doses to lower blood lipids,31

there is a possibility that the picolinic acid caused the changes
observed. This is unlikely because the daily intake of pico-
linic acid in the supplement was less than 2 mg while several
hundred times that dose of nicotinic acid is required to treat
hypercholesterolemia.

In this trial study, four of the six serum lipid variables
measured were altered during the period the subjects in-
gested chromium picolinate. Levels of total cholesterol,
LDL cholesterol, and the related transport protein apolipo-
protein B were decreased, but the values of the apolipopro-
tein A-I, the HDL-cholesterol-related protein, were elevated
when the supplement contained chromium picolinate. Be-
cause each of these variables is related either directly or

inversely to the development of coronary artery disease,
chromium picolinate is an excellent agent to consider in the
treatment and prevention ofhyperlipidemia.

The total cholesterol level is a treatable risk factor for
coronary artery disease. 1-3 During the 7.4-year Lipid Re-
search Clinics Coronary Primary Prevention Trial, an

overall reduction of cholesterol levels of 8.5% was associ-

ated with a 19% decrease in the incidence ofcoronary artery
disease. Furthermore, the initial stages of atherosclerosis are

directly related to the level of LDL cholesterol.32 Both of
these lipid fractions were decreased significantly after only
42 days of supplementation with chromium picolinate. Total
cholesterol levels were reduced 7%, and LDL-cholesterol
levels were decreased 10% with this treatment.

Several recent studies show that specific lipoproteins are

associated with heart disease.33-40 In patients with docu-
mented coronary artery disease, elevated levels of apolipo-
protein B coupled with reduced levels of apolipoprotein A-I
were observed. During our study, supplementation with
chromium picolinate resulted in a substantial elevation of
apolipoprotein A-I levels and a notable reduction of apolipo-

Cholesterol
Total, mmol/liter ..............

mg/dl ...............
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protein B levels. Some investigators have suggested that
levels of apolipoprotein A-I and apolipoprotein B are better
predicters of coronary artery disease than levels of total,
LDL, orHDL cholesterol.39.40

Because of the strong correlation between heart disease
and serum lipids, the question today is not whether or not to
treat these disorders but how and in whom. Although treat-
ment with chromium picolinate did not return all the lipid
moieties to the most desirable levels, significant changes
were noted after only 42 days. Furthermore, the quantity of
chromium (200,ug) in the daily supplement was within rec-
ommended requirements. Chromium picolinate is inexpen-
sive and apparently nontoxic when used in the quantities
described in this study. Combined with a prudent regulation
of diet, the use of current lipid-reducing agents, or both,
chromium picolinate may be a valuable adjunct to the treat-
ment and prevention ofheart disease.

The results reported herein are preliminary and need to
be substantiated by other groups to determine the value of
chromium picolinate for clinical use. Because the bioavaila-
bility of chromium is increased when coordinated with pico-
linate, more studies need to be done to establish the safety of
chromium picolinate and to determine whether or not lower
doses would be equally efficacious. Also, future studies
should be done to test the effectiveness of initial higher doses
followed by lower maintenance doses. Ideally, studies should
compare the effect of chromium picolinate with uncom-
plexed picolinate as well as other forms ofchromium such as
chromium chloride and chromium nicotinate.
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