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Abstract
Insulin resistance has been well documented in criti-
cally ill patients. Adequate blood sugar control has 
been associated with better wound healing, and better 
outcomes in selected patient populations. Chromium is 
an essential component of human diet. It is believed to 
affect changes in glucose uptake. Several studies have 
shown beneficial effects of oral chromium in diabetic 
patients with insulin resistance, but role of intravenous 
chromium infusion has not been completely evaluated. 
We present a case of extreme insulin resistance in a 
62-year-old woman with history of diabetes who suf-
fered a cardiac arrest and respiratory failure, leading 
to aspiration pneumonia and septic shock requiring 
greater than 7000 units of insulin over a period of 12 h 
which was successfully treated with intravenous chro-
mium replacement. 
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INTRODUCTION
Hyperglycemia and insulin resistance has been described 
in the critical care literature[1-5]. Evidence has suggested 
tight blood sugar control in the critically ill patients, spe-
cifically surgical intensive care unit (ICU) patients, may 
improve outcomes in these patients[6]. Hyperglycemia has 
been associated with increase in cytokines and counter-
regulatory hormones which, in turn, lead to insulin resis-
tance[2]. An increase in insulin resistance has also been de-
scribed in patients with sepsis, renal failure, and a variety 
of  critical illnesses[4,7,8].

Chromium is a trace element which plays an im-
portant role in carbohydrate, protein and lipid metabo-
lism[9,10]. There have been several studies which have 
shown improvement in blood sugar control with the ad-
dition of  extrinsic chromium[11-18]. In addition, chromium 
has shown to improve the insulin sensitivity. This agent’
s resulting decrease in insulin resistance, increases low 
density lipoprotein cholesterol, decreases high density 
lipoprotein cholesterol, increases body fat mass, and de-
crease in lean body mass. We present a case of  a patient 
with septic shock and severe insulin resistance, in whom 
intravenous chromium was utilized with good clinical re-
sults.

CASE REPORT
A 62-year-old Caucasian woman with a past medical his-
tory of  diabetes mellitus, coronary artery disease and 
hypercholesterolemia was brought to the emergency de-
partment after suffering a witnessed cardiac arrest. Initial 
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bystander cardiopulmonary resuscitation was initiated. 
The patient was found to be in ventricular fibrillation and 
underwent electroshock into normal sinus rhythm and 
was then intubated. She was awake and able to follow 
simple commands in the ICU while on assisted mechani-
cal ventilation. Chest X-ray revealed bilateral pulmonary 
infiltrates and increased vascular markings suggesting a 
combination of  pulmonary edema and possible aspiration 
pneumonia (Figure 1). The patient was observed over the 
the next several hours where, despite adequate volume 
resuscitation, the patient’s blood pressure would decline, 
requiring norepinephrine to keep the systolic blood pres-
sure above 90 mmHg. A pulmonary artery catheter was 
placed revealing a cardiac output of  8.2 L/min, a calculat-
ed systemic vascular resistance (SVR) of  424 dynes/cm2, 
and a pulmonary capillary wedge pressure of  16 torr. The 
findings of  high cardiac output and low SVR were con-
sistent with septic shock. Patient white blood cell count 
was recorded as 21.4 × 103 cells/mm3. Approximately  
24 h later, the patient’s blood sugar began to increase 
above 1500 mg/L, which required initiation of  intrave-
nous insulin therapy. After 4 h of  insulin administration, 
the patient was found to still require 832 units of  insulin 
per hour with blood sugar levels above 4000 mg/L. After 
7 h on an insulin drip administered at 832 units/h, the 
patient’s blood sugar was still above 4000 mg/L. The 
patient was then started on chromium chloride at 3 μg/h 
intravenous infusion for 5 h. By the fifth hour of  chro-
mium infusion, the patient’s blood sugar was less than 
2000 mg/L, and by the sixth hour of  the patient was off  
insulin, the blood sugar having been determined to be 
within normal values (Figure 2).

DISCUSSION
Resistance to insulin has been well documented in the lit-
erature[1-5]. The gold standard for measuring insulin resis-
tance is by the insulin clamp test[1]. Saberi and coworkers 
studied the prevalence, incidence and clinical resolution 
of  insulin resistance in critically-ill patients[5]. They found 
that on admission to an ICU, 67% of  patients demon-
strated overt insulin resistance, 9.4% of  patients had 
non-overt insulin resistance, and 24% of  patients were 
insulin sensitive. During the course of  ICU stay, an ad-

ditional 16% developed overt insulin resistance, leaving 
only 10% of  critically-ill patients insulin sensitive. These 
observations in of  themselves highlight the importance 
of  insulin resistance in critically-ill patients. The ICU stay 
is complicated by renal insufficiency in almost 3%-16% 
of  ICU patients, depending on the population studied[19]. 
Basi and co-investigators found that glucose concen-
trations among survivors were significantly lower than 
among non-survivors throughout the 5-wk study period 
(P = 0.013)[7]. 

The mechanism by which chromium is believed to 
affect changes in glucose uptake has been posited by vari-
ous sources. Chromium (Ⅲ), the trivalent form of  the 
element, is the elemental form in question, as chromium 
demonstrates six (Ⅰ-Ⅵ) naturally occurring valences, 
the number of  which determines subsequent molecular 
forms found in nature. Chromium (Ⅲ) circulates in the 
blood bound to transferrin, a transport metal binding 
protein usually associated with iron. Four steps character-
ize the autoamplification that characterizes chromium (Ⅲ) 
effects on insulin bound insulin receptors. Insulin, bind-
ing to insulin sensitive cells, stimulates autophosphoryla-
tion of  intracellular β-subunit tyrosine residues, an auto-
catalytic pathway constituting the first step in the classical 
cell signaling pathway of  insulin. Increased insulin plasma 
concentrations are postulated to simultaneously activate 
a transient permeability of  the cell membrane to chro-
mium (Ⅲ) which dissociates from transferrin to enter the 
cell. The flux of  chromium (Ⅲ) into the cell is captured 
by pre-synthesized apocalmodulin proteins present in-
tracellularly. Calmodulin, also referred to in the literature 
as low molecular weight chromium binding protein, 
strongly binds the free form of  chromium (Ⅲ), in a ratio 
of  4:1. The calmodulin-chromium complex binds to the 
β-subunit intracellular portion of  the insulin receptor and 
further enhances autophosphorylation. The end-result 
of  the traditionally understood insulin-mediated uptake 
of  glucose in insulin sensitive cells follows. Following in-
crease in intracellular glucose concentration, insulin con-
centration drops. The affinity for the calmodulin-chromi-
um complex for the insulin receptor is dependent directly 
to the concentration of  insulin, and calmodulin dissoci-
ates from the insulin receptor. It is then released from the 
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Figure 1  Chest X-ray showing bilateral lung infiltrates.
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Figure 2  Insulin requirements and corresponding blood sugar levels.
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cell; however, this loss is of  the calmodulin-chromium 
complex, rather than of  chromium or calmodulin indi-
vidually. This may be understood by the magnitude of  
the association constant Kf  of  approximately 1021 M-1[20]. 

Chromium is an essential component of  the human 
diet. The Food and Drug Administration proposes a 
reference dietary intake of  120 μg/d, whereas the Na-
tional Academy of  Science has proposed a daily intake 
of  20 μg/d for females and 30 μg/d for males. This, in 
contrast to the calculated reference dose of  70 mg/d, 
represents an almost 350 fold difference between the 
recommended and the safety dose[21,22]. There have been 
several studies suggesting a beneficial effect of  chro-
mium[11-18]. For example, supplementation with chromium 
picolinate, a stable and highly bio-available form of  
chromium, has been shown to reduce the risk of  car-
diovascular disease and type 2 diabetes[23]. Existing data 
suggests using chromium picolinate supplementation of  
at least 200 μg/d. Other studies have suggested higher 
doses. Anderson et al[14], suggests that a dose of  chromium 
of  1000 μg/d has a more pronounced effect during a  
4 mo trial. Administering a 1000 μg/d of  chromium also 
lead to a significant decrease in the HbA1c (glycosylated 
hemoglobin) after the second month of  treatment. A 
follow-up study demonstrated that the effect of  chromi-
um supplementation was long lasting[24]. The long lasting 
beneficial effects were also seen with a 500 μg/d dose of  
chromium picolinate.

In addition to oral supplementation, chromium sup-
plementation has been a part of  multi-trace element for-
mulation in total parental nutrition (TPN), which provides 
on average only 10 μg/d. Some authors have suggested 
that the high glucose content in TPN also increases the 
renal excretion of  chromium[25]. Wongseelashote et al[26] 
did an observational study on patients with parental chro-
mium supplementation. They found a mixed response to 
parental chromium supplementation. 

A case of  extreme insulin resistance in a cardiothoracic 
ICU patient treated with chromium infusion has previously 
been described[27]. That particular patient developed severe 
insulin resistance following surgical repair of  the thoracic 
aorta. Post-operatively, the patient required 2110 units of  
insulin over 40 h while receiving vasopressors and gluco-
corticoids. After administration of  intravenous chromium 
at a rate of  3 μg/h (100 μg elemental chromium chloride 
in 1 L of  normal saline infused at 30 mL/h) the patient 
had a significant response. The insulin infusion rate was 
decreased and 12 h later insulin infusion was stopped. 

In the case of  our patient, an even more significant 
response to chromium intravenous infusion was noted. 
Our patient demonstrated an extreme insulin resistance 
which responded well to intravenous chromium. This 
case also served as a learning model and led us to reas-
sess our protocols for insulin as well as several other pro-
tocols, and emphasizes the need of  placing a ceiling on 
amount of  insulin which a patient can receive. Chromium 
has been used orally to improve insulin sensitivity. Its role 
in parental infusion has not been evaluated. Our case rep-

resents the second successful case of  improving insulin 
sensitivity in a patient with extreme insulin resistance. In 
view of  an excellent response to blood sugar control with 
the addition of  chromium, we suggest that future studies 
be conducted to study the effect of  chromium on insulin 
resistance in critically-ill patients.

REFERENCES
1 Wallace TM, Matthews DR. The assessment of insulin resis-

tance in man. Diabet Med 2002; 19: 527-534
2 McCowen KC, Malhotra A, Bistrian BR. Stress-induced hy-

perglycemia. Crit Care Clin 2001; 17: 107-124
3 Cao FT, Zheng ZQ. [The changes in insulin sensitivity under 

stress and its clinical significance in the critically ill patients]. 
Zhongguo Wei Zhong Bing Ji Jiu Yi Xue 2008; 20: 482-485

4 Sauerwein HP, Pesola GR, Godfried MH, Levinson MR, 
Jeevanandam M, Brennan MF. Insulin sensitivity in septic 
cancer-bearing patients. JPEN J Parenter Enteral Nutr 1991; 
15: 653-658

5 Saberi F, Heyland D, Lam M, Rapson D, Jeejeebhoy K. 
Prevalence, incidence, and clinical resolution of insulin resis-
tance in critically ill patients: an observational study. JPEN J 
Parenter Enteral Nutr 2008; 32: 227-235

6 van den Berghe G, Wouters P, Weekers F, Verwaest C, 
Bruyninckx F, Schetz M, Vlasselaers D, Ferdinande P, Lauw-
ers P, Bouillon R. Intensive insulin therapy in critically ill 
patients. N Engl J Med 2001; 345: 1359-1367

7 Basi S, Pupim LB, Simmons EM, Sezer MT, Shyr Y, Freed-
man S, Chertow GM, Mehta RL, Paganini E, Himmelfarb 
J, Ikizler TA. Insulin resistance in critically ill patients with 
acute renal failure. Am J Physiol Renal Physiol 2005; 289: 
F259-F264

8 AlZadjali MA, Godfrey V, Khan F, Choy A, Doney AS, 
Wong AK, Petrie JR, Struthers AD, Lang CC. Insulin resis-
tance is highly prevalent and is associated with reduced 
exercise tolerance in nondiabetic patients with heart failure. J 
Am Coll Cardiol 2009; 53: 747-753

9 Anderson RA. Chromium, glucose intolerance and diabetes. 
J Am Coll Nutr 1998; 17: 548-555

10 Evans GW. The effect of chromium picolinate on insulin 
controlled parameters in humans. Int J Biosocial med Res 1989; 
11: 163-180

11 Anderson RA. Chromium and insulin resistance. Nutr Res 
Rev 2003; 16: 267-275

12 Broadhurst CL, Domenico P. Clinical studies on chromium 
picolinate supplementation in diabetes mellitus--a review. 
Diabetes Technol Ther 2006; 8: 677-687

13 Wang H, Kruszewski A, Brautigan DL. Cellular chromium 
enhances activation of insulin receptor kinase. Biochemistry 
2005; 44: 8167-8175

14 Anderson RA, Cheng N, Bryden NA, Polansky MM, Cheng 
N, Chi J, Feng J. Elevated intakes of supplemental chromium 
improve glucose and insulin variables in individuals with 
type 2 diabetes. Diabetes 1997; 46: 1786-1791

15 Cefalu WT, Wang ZQ, Zhang XH, Baldor LC, Russell JC. 
Oral chromium picolinate improves carbohydrate and lipid 
metabolism and enhances skeletal muscle Glut-4 transloca-
tion in obese, hyperinsulinemic (JCR-LA corpulent) rats. J 
Nutr 2002; 132: 1107-1114

16 Mita Y, Ishihara K, Fukuchi Y, Fukuya Y, Yasumoto K. 
Supplementation with chromium picolinate recovers renal 
Cr concentration and improves carbohydrate metabolism 
and renal function in type 2 diabetic mice. Biol Trace Elem Res 
2005; 105: 229-248

17 Althuis MD, Jordan NE, Ludington EA, Wittes JT. Glucose 
and insulin responses to dietary chromium supplements: a 

172 September 15, 2012|Volume 3|Issue 9|WJD|www.wjgnet.com

Surani SR et al . Chromium and insulin resistance



173 September 15, 2012|Volume 3|Issue 9|WJD|www.wjgnet.com

meta-analysis. Am J Clin Nutr 2002; 76: 148-155
18 Ghosh D, Bhattacharya B, Mukherjee B, Manna B, Sinha 

M, Chowdhury J, Chowdhury S. Role of chromium supple-
mentation in Indians with type 2 diabetes mellitus. J Nutr 
Biochem 2002; 13: 690-697

19 de Mendonça A, Vincent JL, Suter PM, Moreno R, Dearden 
NM, Antonelli M, Takala J, Sprung C, Cantraine F. Acute re-
nal failure in the ICU: risk factors and outcome evaluated by 
the SOFA score. Intensive Care Med 2000; 26: 915-921

20 Vincent JB. The biochemistry of chromium. J Nutr 2000; 130: 
715-718

21 Hathcock JN. Safety limits for nutrients. J Nutr 1996; 126: 
2386S-2389S

22 Lamson DW, Plaza SM. The safety and efficacy of high-dose 
chromium. Altern Med Rev 2002; 7: 218-235

23 Hummel M, Standl E, Schnell O. Chromium in metabolic 

and cardiovascular disease. Horm Metab Res 2007; 39: 743-751
24 Cheng NZ, Zhu XX, Shi HL, Wu WL, Chi JM, Cheng JY, An-

derson RA. Follow-up survey of people in China with type 
2 diabetes mellitus consuming supplemental chromium. J 
Trace Elem Exp Med 1999; 12: 55-60

25 Fells GS, Shenkin A. Chromium requirements during in-
travenous nutrition. In: Shapcott D, Hubert J, editors. Chro-
mium in Nutrition and Metabolism. Sherbrooke: Elsevier 
North Holland, 1979: 105

26 Wongseelashote O, Daly MA, Frankel EH. High insulin 
requirement versus high chromium requirement in patients 
nourished with total parenteral nutrition. Nutrition 2004; 20: 
318-320

27 Via M, Scurlock C, Raikhelkar J, Di Luozzo G, Mechanick JI. 
Chromium infusion reverses extreme insulin resistance in a 
cardiothoracic ICU patient. Nutr Clin Pract 2008; 23: 325-328

P-Reviewer  Bener A    S- Editor  Wen LL    L- Editor  A    
E- Editor  Zheng XM

Surani SR et al . Chromium and insulin resistance


