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ABSTRACT 

Chromium (Cr) was measured in the fasting and postprandial 

urine and plasma of gestational diabetics, pregnant insulin-dependent 

diabetics, and normal pregnant women to determine if abnormal Cr me

tabolism may be involved in the etiology of gestational diabetes. Cr 

was also measured in the cord and maternal plasma at delivery. Chrom

ium analyses were performed by flameless atomic absorption spectro

photometry using the method of standard additions. There was no 

statistically significant difference in any of the chromium variables 

between groups. There was also no significant difference between 

fasting and postprandial values for any of the Cr parameters using the 

mean of all three groups combined. The combined mean for the maternal 

plasma Cr was significantly higher than that of the cord plasma Cr. 

Correlation coefficients between variables obtained from the subject 

and the newborn are provided. Abnormal Cr metabolism does not appear 

to be involved in the etiology of gestational diabetes. 

vii 



CHAPTER 1 

INTRODUCTION 

During the past few decades much evidence has accumulated 

which has generated a great deal of interest in the biological action 

of chromium (Cr). Prior to that time the element was not accurately 

quantitated due to insensitive analytical methods; thus, the view 

that chromium could not have an essential role in plants and animals 

was generally accepted. However, with the advent of recently refined 

analytical techniques, many investigators have obtained convincing 

data which indicate that organic matter does, in fact, contain 

chromium regularly. 

Much of the first interests in chromium focused on its chem

istry and on its interaction with other biological substances. One 

researcher who has perhaps contributed the most to chromium research 

is Walter Mertz, and I refer the reader to his extensive review on 

"Chromium Occurrence and Function in Biological Systems" for an in 

depth discussion of the above topics (Mertz, 1969). An overview of 

chromium's chemistry will be presented here so that its mode of 

action in carbohydrate metabolism, which will be discussed later, can 

be moTe easily understood. 

1 
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Chromium has an atomic number of 24 and an atomic mass of 52.01. 

It can exist in all valence states from -2 to +6; however, the following 

three are more commonly found in nature. Firstly, divalent chromic 

compounds have been found but they are very unstable since they are 

easily oxidized to the trivalent form. For this reason, Cr2+ compounds 

are not likely to occur in biological systems. Secondly, hexavalent 

chromium is a powerful oxidizing agent which exists quite commonly as 

chromate and dichromate. It is readily reduced to Cr3+ in an acid 

milieu, and like Cr2+, does not have any physiological activity. The 

chromate ion does, however, penetrate red cell membranes rapidly and 

irreversibly and is widely used to label erythrocytes. Once inside the 

cell, Cr6+ is reduced to Cr3+ and is bound to the globin fraction of 

hemoglobin as such (Gray and Sterling, 1950). Lastly, trivalent 

chromium is the most stable oxidation state and is the only physiolog

ically active form. It has a coordination number of six and tends to 

form coordination compounds, chelates, and complexes in an octehedron 

configuration. Since Cr3+ has a strong tendency for olation and pre

cipitation at a neutral or alkaline pH, it can bind to certain ligands 

at four of its coordination sites in order to achieve a stabilization 

which does not exist with water. The theory is that these ligands are 

necessary to keep chromium in solution, that they exhibit a slow rate 

of exchange, and that they influence the overall charge of the complex 

(Mertz, 1969; Saner, 1980a). 

The above observations suggest an important characteristic of 

chromium in the organism. Perhaps it is its chelation and coordination 
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with ligands in the intestines and the blood that render chromium solu

ble and available for absorption and transport under these conditions. 

Rollison and his colleagues (1966, 1967) have studied interactions be

tween low-molecular-weight substances and chromium and their data indi

cate that ligands such as pyrophosphate and certain amino acids (i.e. 

methionine, serine, and glycine) maintain chromium in a diffusible form 

at physiological pH. More recently, Gonzalez-Vergara et al. (1981) 

have synthesized chromium coordination complexes with pyridoxylidene 

Schiff bases that exhibit good intestinal absorption and selective 

accumulation in organs. 

Chromium's interaction with proteins has also been extensively 

studied. Perhaps the best understood reaction of this type is the 

chrome tanning of skin. Although this process was developed empirically, 

its scientific basis revolves around chromium's coordination chemistry. 

The exact tanning process has not been elucidated, but there is good 

evidence which suggests that the coordination sites of Cr3+ transform 

skin collagen into leather by reacting with the free carbonyl groups of 

the acidic amino acids, forming stable complexes via cross-linking be

tween different protein chains (Stiasny, 1931; Kuhn and Gebhardt, 1960). 

It appears that the above mechanism depends upon chromium's participa

tion in stabilizing the tertiary structures of these proteins. If this 

is the case, then perhaps a similar mechanism may be applied to other 

physiological processes involving chromium. For example, several 

enzymes such as phosphoglucomutase, trypsin, and renin have a 

requirement for chromium and it may well be that the coordination 
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of Cr3+ with proteins is the basis for their activity. It should be 

noted, however, that ligands coordinated to chromium exhibit a very slow 

rate of exchange; therefore, Cr3+ complexes aTe probably unsuitable for 

the active sites of enzymes and may serve more of a structural function 

(Mertz, 1969). 

Glucose Tolerance Factor 

Compounds containing chromium are known to exist either as 

"simple compounds" or in the form of a natural chromium complex which 

occurs in brewers' yeast and other foods. The latter displays the 

greatest amount of biological activity and is referred to as the glucose 

tolerance factor (GTF). Table I summarizes the two classifications in 

terms of five selected characteristics (Mertz et al., 1974). 

Table 1. Biological and Metabolic Properties 
(Mertz et al., 1974) 

of Chromium III 

Simple 
Compounds 

Glucose Tolerance Factor 
(GTF) 

In vitro potentiation of insulin + + + + 

Effect on impaired GTT + + + 

Intestinal absorption 0.5 - 3% > 10% 

Access to specific chromium pool - + 

Placental transport - + 

The history of GTF began in the early 1950's when Mertz and 

Schwarz (1955) observed that rats fed Torula yeast diets had impaired 



5 

glucose tolerance. It was proposed that a dietary agent was lacking in 

this type of diet, and later Cr3+ was identified as part of the agent 

responsible for the metabolic effect (Schwarz and Mertz, 1959). For 

several years efforts to isolate compounds with known GTF activity and 

to synthesize new ones were unsuccessful; however, it was found that 

brewers' yeast is the richest source of GTF. Although the exact struc

ture of GTF is still unknown, analyses of highly purified GTF prepara

tions from brewers' yeast suggest its structure to be a dinicotinato, 

_ ^ 
tri-amino acid, Cr3 complex. It is postulated that glycine, cysteine, 

and glutamic acid (the components of glutathione) may be the amino acids 

involved in stabilizing the complex in an alkaline milieu (Figure i). 

A method has been developed to synthesize such an amino acid-nicotinic 

acid complex, however, these preparations do not exhibit exactly the 

same characteristics as the GTF found in brewers' yeast (Mertz et al., 

1974) . 

The mode of action of chromium was first elucidated by in vitro 

experiments using the epididymal adipose tissue of chromium deficient 

rats (Mertz et al., 1961). In these experiments one group of rats was 

fed a commercial chow low in utilizable chromium and another group was 

fed 10 ppm chromium as a dietary supplement to the same chow. When the 

glucose uptake by epididymal fat tissue from each group was compared, it 

was found to be significantly higher in the supplemented group in vivo. 

Subsequent in vitro studies showed that epididymal fat tissue from both 

groups had the same glucose uptake in the absence of added insulin; 

however, when insulin was added to the incubation medium, the chromium 



GLYCINE 
COOH? 
NH2?" 

GLYCINE 
COOH? 
NH2?" 

ir*r 

Figure 1. Possible Structure of Dinicotinato-Amino Acid Cr-Compl 
(Mertz et al., 1974) 
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supplemented rats took up a significantly higher amount of glucose than 

the controls (Mertz et al., 1961). These results present convincing 

evidence that the effect of chromium on glucose uptake requires the 

presence of insulin, and subsequent experiments have supported this 

claim (Mertz, 1969). In addition, results of polarographic studies 

suggest that chromium acts as a cofactor for insulin at the cellular 

level by participating in the formation of a ternary complex (Christian 

et al., 1963). This complex seems to be coordinated to two sulfhydryl 

groups on the cell membrane and to two sulfur atoms of the A-chain 

disulfide bridge of insulin. Figure 2 presents a model of the hypo

thetical ternary complex of chromium at its site of action. The 

remaining two sites are probably occupied by ligands which are un

identified at present (Mertz, 1975a). Since GTF is indicated as being 

a cofactor in insulin potentiation, it seems reasonable to assume that 

GTF is involved in the physiological processes that require insulin. 

For a thorough discussion of the therapeutic potential of GTF, refer to 

McCarty (1980). 

Chromium Metabolism 

The mechanism of chromium absorption in the small intestine is 

not clearly defined, although it is known that the environmental pH and 

the chemical form of the element greatly influence the process. As 

mentioned earlier, ligands such as amino acids are more stable than 

water at pH 7 or above. Also, natural chromic complexes in the diet 

have a higher bioavailability than the simple salts. Cr3+ is poorly ab

sorbed through the respiratory and the gastrointestinal tracts because 
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MEMBRANE 

A-Chain 
Insulin 

Figure 2. Hypothetical Ternary Complex of Chromium at Site of Action 
(Mertz et al., 1974) 
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it cannot cross membranes easily, Cr6+ is more easily absorbed through 

these routes, however, it is also easily reduced to the trivalent form 

(Leonard and Lauwerys, 1980), A variety of substances such as chelating 

agents and mineral antagonists can also influence absorption. For ex

ample, it has been shown that vanadium and iron may interfere with 

chromium metabolism, perhaps by competing for carrier proteins and 

ligands (Hill, 1979; Sargent III et al., 1979). 

After being absorbed, Cr3+ binds to transferrin and possibly 

other proteins for transport in the plasma (Hopkins and Schwarz, 1964). 

In fact, the data from one study indicate that reduced chromium levels 

may be a possible basis for hemochromatotic diabetes due to its compe

tition for transferrin with iron (Sargent III et al., 1979). Tissue 

uptake of all forms of chromium, except chromates, clear the blood 

quickly, and humans are capable of converting inactive chromium com

pounds to forms that function physiologically (Anderson, 1980). Certain 

tissues retain chromium longer than the plasma, suggesting that plasma 

chromium levels may not be good indicators of body chromium status since 

there exists no equilibrium between the circulating chromium and the 

tissue stores (Mertz, 1969). Similar to many aspects of its metabolism, 

the relative tissue uptake and distribution of chromium is not clearly 

defined; however, these parameters seem to be affected by one's age, 

nutritional status, and physiological status. 

Chromium is excreted primarily via the urine, although smaller 

quantities may be lost with the bile, sweat, hair, milk, and nails 

(Underwood, 1977). The most recent estimate of the average daily 
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chromium excretion is slightly less than 1 vg (Guthrie et al., 1978; 

Veillon et al., 1979). This estimate was derived from the dializable 

fraction of the serum chromium which includes GTF (Saner, 1980a). It 

should be noted, however, that an increased fractional excretion of 

chromium may result from a volume diuresis, from an abnormal physiolog

ical state, or from a glucose challenge (Donaldson and Rennert, 1981). 

For example, Rabinowitz and his colleagues (1980) found that after a 

test meal, the 2-hr postprandial urinary chromium/creatinine (Cr/Cre) 

ratio was significantly higher than the fasting ratio by about 60% in 

both diabetic and normal men. Giirson and Saner's (1978a) data show a 

significantly higher Cr/Cre ratio following a glucose load for normal 

subjects when compared to their fasting values; in contrast, they ob

served no significant difference between fasting and postprandial levels 

in diabetics and in individuals from diabetic families. In another 

study, Giirson and Saner (1978b) demonstrated that malnourished children 

have a higher urinary Cr/Cre ratio than normal infants and that this 

ratio is also higher in diabetics than in normal adults. 

Chromium Deficiency, Supplementation, and Functions 

Much of the research in the past has been concerned with the 

relation of chromium to carbohydrate metabolism. As mentioned earlier, 

Mertz and Schwarz (1955) observed impaired glucose tolerance in rats fed 

diets low in chromium. Also, after three years of receiving long-term 

total parenteral nutrition without chromium supplementation, a woman 

developed symptoms of severe glucose intolerance, weight loss, peripher

al neuropathy with normal insulin levels, high free fatty acids, a low 
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respiratory quotient, and nitrogen metabolism abnormalities. After five 

months of CrCl^ supplementation (250 yg Cr/day) to her infusate, all of 

the above deficiency symptoms were normalized (Jeejeebhoy et al., 1977). 

In addition, research in the past has dealt with the glucose intolerance 

that is characteristic of kwashiorkor and protein-calorie malnutrition. 

It appears that in some cases chromium treatment is effective in improv

ing these conditions. For example, 12 malnourished infants from Jordan 

and Nigeria were treated with 250 yg Cr in the form of CrCl^ and within 

18 hours their glucose removal rates were greatly improved (Hopkins et 

al., 1968). More recently, Anderson and his colleagues (1982) studied 

the effect of exercise, specifically running a "strenuous" six miles, 

on glucose levels and chromium excretion in males. Their results indi

cate that exercise increases glucose utilization and causes a signifi

cant increase in chromium excretion; thus, people who exercise routinely 

may have an increased chromium requirement. 

An additional area of related research is the chromium status of 

the elderly. It is generally accepted that the chromium levels of most 

tissues are highest at birth and decrease steadily with age in the 

United States. Furthermore, it is known that the chromium content of 

foods decreases substantially during the milling process (Underwood, 

1977). Since many old people have a diet rich in refined foods and 

since it is not uncommon to exhibit impaired glucose tolerance in old 

age, a plausible hypothesis would be that the elderly have an increased 

tendency towards low body levels of chromium. In one study with elderly 

subjects, including eight mildly noninsulin-dependent diabetics, 
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supplementation with chromium-rich brewers' yeast improved their glucose 

intolerance, total lipids, and cholesterol while supplementation with 

chromium.-poor Torula yeast did not. Insulin output decreased after 

supplementation in all experimental subjects, and cholesterol was low

ered significantly in the nondiabetic group (Offenbacher and Pi-Sunyer, 

1980). These and other results reviewed by Hsu (1979) indicate that 

impaired glucose tolerance in the elderly is improved by GTF or chromium 

supplementation. Furthermore, these results suggest that chromium plays 

a role in lipid metabolism. 

Other evidence supporting chromium's role in lipid metabolism is 

the observation that suboptimal chromium status appears to be a factor 

in the pathogenesis of coronary heart disease and atherosclerosis. In 

a study conducted by Abraham and his co-workers (1980), the question of 

chromium's effect on the development of atherosclerotic plaques in rab

bits was addressed. Twenty-three rabbits were fed a standardized diet 

containing a cholesterol supplement. After eight weeks, the cholesterol 

supplement was discontinued and 11 of the rabbits received daily injec

tions of 20 yg of potassium dichromate while the remaining 12 received 

distilled water. After 30 more weeks, the researchers found that chrom

ium supplementation resulted in a significant regression of the rabbits' 

cholesterol-induced aortic plaques. This finding was later substan

tiated in a similar experiment with rabbits except that a lower choles

terol diet and a shorter treatment period were used (Abraham et al., 

1982). In another 12-week study, Riales and Albrink (1981) demonstrated 

that chromium supplementation (200 |ig Cr3+ five days/wk) elevated high 
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density lipoprotein cholesterol (HDL-C) and improved insulin sensitivity 

in adult men with evidence of insulin resistence but normal glucose 

tolerance. Since decreased HDL-C and increased plasma insulin levels 

are associated risk factors for atherosclerosis, perhaps chromium de

ficiency is also involved. 

Another group of people who may be prone to marginal chromium 

status is pregnant women. Saner's experiments suggest that the fasting 

plasma chromium levels of pregnant women are significantly lower than 

those of nonpregnant subjects. Furthermore, she showed an increase in 

chromium excretion during the advancing stages of pregnancy (Saner, 

1981b). Davidson and Burt (1973) also found that fasting plasma chrom

ium was significantly lower in pregnant women than in nonpregnant women; 

in addition, they showed a glucose challenge produced a prompt and sus

tained decrease in plasma chromium in normal subjects but failed to pro

duce any change in the levels of the pregnant subjects. In a different 

study, Saner also demonstrated that hair chromium levels of nulliparous 

women were higher than those of multiparous women, and that mean hair 

chromium levels in longitudinal samples decreased with advancing stages 

o f  p r e g n a n c y  ( S a n e r ,  1 9 8 1 a ) .  S h a p c o t t  e t  a l .  ( 1 9 8 0 )  a l s o  m e a s u r e d  t h e  

hair chromium levels in 432 women at delivery and they found them to be 

generally lower than those found in nonpregnant women; however, they 

found no correlation between hair chromium levels and age or number of 

pregnancies. This discrepancy between Saner's and Shapcott's results 

perhaps suggests that hair chromium concentrations may not be reliable 

indicators of chromium nutritional status and/or that chromium values 
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differ depending on the analytical techniques employed. Furthermore, 

although these data are difficult to interpret, they suggest that ab

normal chromium levels exist in pregnancy perhaps due to depletion of 

maternal stores; thus, prophylaxis may be beneficial. 

Newborn babies seem to have relatively high tissue levels of 

chromium at birth (Underwood, 1977) but low glucose removal rates and 

delayed insulin responses. In addition, the data from one experiment 

indicate carbohydrate metabolism was not improved in 22 full-term new

borns by chromium supplementation. The investigators postulate that the 

active role of chromium in plasma as GTF may be inadequate in the early 

newborn period and that this may be similar to the relative delay in 

insulin release (Saner et al., 1980). Since the structure of GTF is 

unknown, it would be impossible at present to supplement newborns with 

biologically active forms of chromium unless an acceptable way to ad

minister brewers' yeast is found. However, a chromium supplement could 

benefit a breast-fed infant whose mother's secretions reflect her 

depleted stores from pregnancy. It should be noted here that 

Kumpulainen and Vuori (1980) found the mean chromium concentration in 

breast milk to be 0.39 ng/ml and the mean intake of the totally breast

fed infant to be 0.27 yg/day. They showed no significant change in 

either of the above parameters with advancing stages of lactation. It 

appears that more research needs to be done concerning chromium metabol

ism in pregnancy and infancy. 

Finally, chromium deficiency seems to impair reproductive func

tion. A 50% reduction in sperm counts and a 28% reduction in fertility 
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were observed in rats fed a low-chromium diet for eight months as com

pared to chromium-supplemented rats. These decreases were not notice

able at four months, and this supports the hypothesis that low dietary 

chromium may be exacerbated to noticeable levels in older but not in 

younger animals (Anderson and Polansky, 1981). Although the exact 

role of chromium in reproduction is not known, its interaction with 

DNA, RNA, and nuclear proteins may be involved (Okada et al., 1981). 

Chromium Requirements 

The establishment of chromium as an essential trace element 

occurred in the late 1950.'s; however, a recommended dietary requirement 

still does not exist for it. Instead, the Committee on Recommended 

Dietary Allowances has implemented an estimated range of safe and 

adequate intake for chromium (National Academy of Sciences, 1980). 

This range is considered to meet nutrient requirements and to be safe 

from toxicity. It takes into account the uncertainty of our present 

knowledge about the human requirement for chromium, dietary factors 

that may influence it, intestinal absorption efficiency, and the vari

ability of biologic availability depending on chemical form. It also 

assumes a mixed and balanced U.S. diet (Mertz, 1980a). 

The range set by the Committee is 50-200 yg/day for adults. 

This is based on the fact that urine is the major route of endogenous 

chromium excretion and that the daily urinary loss of approximately 1 

yg should represent the minimal requirement for absorbable chromium. 

Assuming chromium has an average bioavailability of 1%, it can be cal

culated that diets furnishing 50-200 yg/day meet the adult human 
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requirement (Mertz, 1980b). Even though this suggested intake is diffi

cult to implement because of incomplete information such as the bio

availability and the content of chromium in foods, it is important to 

realize that the potential for chromium deficiency exists. This point 

was elaborated on in the previous section and is further exemplified by 

the fact that many U.S. diets only contain an average of 78 yg Cr/2800 

kcal (Kumpulainen, 1979). 

The Diabetes-Chromium Connection? 

As mentioned previously, it is hypothesized that Cr3 in the 

form of GTF is a cofactor involved in insulin-receptor interactions. 

Because of this, many researchers advocate that chromium deficiency may 

play a role in some cases of diabetes-mellitus, especially the maturity-

onset type since this condition does not necessarily involve a failure 

of the pancreatic beta cells to secrete insulin. In an attempt to sub

stantiate this hypothesis, many studies have been conducted in order to 

characterize changes in plasma and urinary chromium concentrations fol

lowing a glucose challenge in diabetics and in normal subjects; however, 

there is little agreement between investigators in defining these 

changes. 

According to Saner (1980a), "although fasting blood chromium 

levels do not adequately reflect the chromium nutritional state, fluctu

ations in the blood chromium level following glucose tolerance tests 

(GTT) are significant indicators of chromium nutrition." Furthermore, 

she states that the administration of glucose and/or insulin to an 
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adult diabetic with a normal chromium nutritional state results in an 

increase in both blood and urinary chromium levels (Saner, 1980a). 

Other investigators have also found that when compared to normal sub

jects, insulin-dependent (I-D) diabetics have higher plasma levels as 

well as higher urinary excretion of chromium in response to the oral 

administration of 51Cr (Doisy et al., 1971). In addition, I-D diabetics 

seem to have a greater excretion of orally administered radioactive 

chromium while maturity-onset diabetics do not (Doisy, 1976). Further

more, Canfield and Doisy (1975) report that I-D diabetics have a lower 

chromium concentration in their urine than normal subjects, and 

Schroeder (1968) observed an increase in urinary chromium excretion fol

lowing a GTT in diabetics. 

More recently, Gedik and his associates (1980) studied plasma 

Cr3+ levels in healthy subjects and in patients with juvenile- or adult-

onset diabetes. Their data indicate that there is no significant dif

ference in plasma Cr3+ levels between the groups before or during the 

oral GTT. Rabinowitz et al. (1980) also conducted a study in order to 

compare chromium levels in fasting and postprandial plasma, red blood 

cells, urine, and hair between various types of diabetics and normal 

men. In addition to finding great variations in these parameters in 

both groups, they failed to confirm that the male diabetics may have a 

chromium deficiency. In another study, Rosson et al. (1979) performed 

an analysis of hair chromium concentrations in adult I-D diabetics. 

Their data show that the mean concentration was reduced in the female 

but not in the male diabetics. Finally, Rabinowitz and Gonik (1979) 
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repeated their analysis of chromium in the plasma, urine, red blood 

cells, and hair of diabetics and normals; again, they found that adult 

diabetics appear to have no deficiency in total chromium stores and no 

tendency for increased chromium excretion following a carbohydrate 

load. 

It is obvious from the previous discussion that no definite 

conclusion can be drawn regarding chromium's role in diabetes mellitus, 

although there is good evidence which suggests chromium metabolism is 

altered in some diabetics and that more research needs to be done in 

this area. This need for further research is also suggested by the 

fact that most of the previous data concerning chromium levels are in

accurate and inconsistent due to the unreliable analytical procedures 

available at the time (Mertz, 1975b). Within the past few years, how

ever, the methodology involved in chromium analysis has been refined so 

that the previous problems of contamination and frequent losses of 

volatile chromium have been minimized. New precautions and technology 

now allow researchers to repeat old experiments and to create new ones 

in order to obtain more accurate ranges of chromium levels in various 

tissues and populations. 

Thus, the purpose of the present study is to investigate the 

differences, if any, in plasma and urinary chromium concentrations be

tween gestational diabetics, pregnant I-D diabetics, and normal preg

nant women. A pregnant population was chosen for the following 

reasons: 

1. Burt and Davidson C1973) found that chromium in the plasma of women 

pregnant for 37-40 weeks was 2.86 ng/ml as compared to 5.62 ng/ml in 

healthy nonpregnant women of the same age. Furthermore, plasma 
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chromium fell in the controls but not in the pregnant women after a glu

cose load. One of the objectives of this study is to substantiate these 

results in pregnant subjects using a more modem method of analysis. 

2. The incidence of transitory disturbances in glucose tolerance in 

pregnancy (gestational diabetes) is believed to be 1-3% in the United 

States, and this percentage may be much greater in selected populations 

(Frienkel, 1980). Some reports even indicate that up to 15% of the gen

eral obstetrical population has abnormal GTT (Mestman, 1980). Thus, one 

aim of this study is to determine if abnormal chromium metabolism may be 

involved in the etiology of gestational diabetes. 

3. "In man, nothing is known about the placental transport of chromium 

other than that it occurs," (Shaw, 1980). Furthermore, Bogden et al. 

(1978) indicate that the cord plasma chromium concentrations of 0.88 ± 

0.13 yg/100 ml for infants weighing 1500 to 2500 gm and 0.68 ±0.05 

yg/100 ml for those of birthweights greater than 2500 gm "appear to be 

the first reported in the medical literature." So, an additional ob

jective of the present study is to measure cord plasma chromium concen

trations of infants bora to diabetic and normal women and to observe 

whether these values reflect those of the maternal plasma. 

4. Little is known about chromium metabolism in pregnancy; thus, the 

results of this study may contribute to the understanding of this sub

ject. 



CHAPTER 2 

METHODOLOGY 

Experimental Design 

Thirty-six pregnant women, ranging from ages 18 to 38, were re

cruited from the Obstetrics and Gynecology Clinic at the University of 

Arizona Health Sciences Center in Tucson. Each subject signed a human 

consent form agreeing to provide a fasting urine and blood sample, a 2-

hr postprandial (PP) urine and blood sample, and a maternal and cord 

blood sample at delivery. The fasting and PP samples were obtained be

tween 20-37 weeks gestation, depending on when the obstetrician ordered 

the 2-hr glucose test. In addition, everyone provided information on 

age, ethnic origin, weight, gravidity, parity, and health. Subject re

cruitment and sample acquisition took place from February to September, 

1982. This study was approved by the Human Subjects Committee of the 

University of Arizona. 

Each subject took the 2-hr glucose test in the Health Sciences 

Center's clinical pathology lab after an 8-10 hour overnight fast. At 

that time, the subject provided a fasting urine specimen in an acid-

washed plastic container and a 10 ml fasting blood specimen in a 

sodium-heparinized, mineral-free, vacutainer. The subject then drank 

a 10 oz solution containing 100 gm glucose within 5 minutes, after 

which only water could be consumed. In 2 hours ± 10 minutes another 

urine and blood specimen were obtained. 

20 
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The blood samples were centrifuged at 2000 rpm for 20 minutes 

to separate the plasma from the cells. The plasma and urine were then 

transferred to acid-washed plastic tubes and stored at -10°C until 

further analysis. The same separation and storage procedures were used 

for the maternal and cord blood samples. 

Fasting and PP glucose levels were obtained from each subject 

the day after the oral 2-hr glucose test. Fasting glucose levels be

tween 70-110 mg/dl and PP levels between 100-140 mg/dl are considered 

normal. The PP glucose levels were the criteria used to assign all 

subjects, except the five insulin-dependent (I-D) diabetics, to one of 

the three study groups. Twenty subjects with PP levels below 130 mg/dl 

were assigned to a control group and 11 subjects with PP levels above 

140 mg/dl were assigned to a gestational diabetic group. The five I-D 

diabetics were put into their own group because their diabetes was not 

transient. All of the 20 controls were matched according to age (± 1 

year) to both types of diabetics. 

It should be noted that seven of the 11 gestational diabetics 

volunteered for the study after their initial 2-hr glucose test and 

diagnosis. Thus, improvement in subsequent glucose levels observed in 

a number of subjects may have been due to diet and/or insulin therapy. 

Furthermore, two gestational diabetics had their postprandial samples 

collected after a meal because of their intolerance to the glucose 

solution. None of the I-D diabetics drank the glucose load; they were 

instructed to eat breakfast and to return in two hours for their 
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laboratory work. All glucose levels used for this study were those 

obtained the day the fasting and PP samples were collected for chromium 

analysis. 

Laboratory Techniques 

Instrumentation 

Urinary and plasma chromium determinations were performed in 

the Department of Nutrition and Food Science at the University of 

Arizona. A Hitachi Polarized Zeeman Atomic Absorption Spectrophoto

meter (ZAAS) equipped with a graphite furnace (Model 180-70) was used. 

The graphite furnace offers detection limits as low as 1 ppb and has 

an extremely sensitive background correction system. According to 

Veillon et al. (1982), one of the most important parameters in chrom

ium determinations is the background correction capability of the 

instrument. The Hitachi ZAAS utilizes the magnetic field dependent 

polarization characteristics of the atomic vapors for background cor

rection ("Zeeman Effect"). Light energy of a certain wavelength is 

emitted from a hollow cathode lamp and is passed through a polarizer 

which alternately polarizes the radiation vertically and horizontally. 

Under the influence of a 10 kilogauss magnetic field, the parallel 

emission line is absorbed by the background vapors and by the atomic 

vapor of the sample, whereas the perpendicular line is absorbed only 

by the background vapors. The analyte absorbance is obtained by 

electronic subtraction of the two absorptions. Background absorbances 



for most elements are correctable up to 1.7 absorbance units. Thus, 

lower ashing temperatures may be used for the analysis of volatile 

elements such as chromium. 

All determinations were made using a chromium hollow cathode 

lamp (Hamamatsu TV Co., LTD., Japan), pyrolytically coated furnace 

tubes (pyro tubes), and argon as the furnace gas. The instrumental 

parameters for the chromium analyses were as follows: 

Analytical Conditions 

Lamp Current 7.5 mA 

Wavelength 357.9 nm 

Slit 1.3 nm 

Cuvette Tube (py:ro) 

Carrier Gas 200 ml/min 

Sample Volume 20 yl 

Background/ZAAS On 

Measurement Mode - Peak Height 
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Urine 

Heating Program 

Stage Temp. 

CC) 

Time 
(Sec) 

Dry 80 100 60.0 

Dry 100 120 20.0 

Dry 120 120 30.0 

Ash 700 700 30.0 

Atom 2700 2700 7.0 

Clean 2800 

Plasma 

2800 3.0 

Heating Program 

Stage Temp. 
CC) 

Time 
(Sec) 

Dry 60 90 20.0 

Dry 90 100 60.0 

Dry 100 120 30.0 

Dry 120 120 20.0 

Ash 1200 1200 30.0 

Atom 2700 2700 7.0 

Clean 2800 2800 3.0 

A Bausch 5 Lomb Spectronic 21 Spectrophotometer (Model UV-D) at 500 nm 

was used for all urinary creatinine determinations. 
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Samples and Standards 

All samples were thawed on the day of the analysis. No sample 

preparation was necessary prior to injection into the pyro tube. 

Chromium standards of 10 ppb, 25 ppb, 50 ppb, and 100 ppb were made 

using deionized-distilled water and a 10 ppm Cr working standard solu

tion prepared from a 1000 ppm Cr reference solution (Fischer Scientific 

Co., Fair Lawn, NJ); in addition, each standard preparation contained 

1% Ultrex grade concentrated nitric acid (J. T. Baker, Co., Phillips-

burg, NJ) in order to keep the chromium suspended in solution. In 

order to prevent contamination, all standards were prepared using 

materials which were soaked at least 24 hours in 6N nitric acid and 

rinsed several times with deionized-distilled water. The preparation 

of standards and all pyro tube injections were accomplished with 

Gilson digital micropipets. 

Procedure 

Each new pyro tube was conditioned by several heatings to 

2800°C for 3 sec ("boosting") since unconditioned tubes produced un

stable results until they were exposed to high temperatures. It was 

also necessary to boost the pyro tube to 2800°C for 3 sec after each 

determination in order to clean out the residue remaining from the 

specimen (Pleban and Pearson, 1979). 

The method of standard additions (MSA) was used because many of 

the urinary and plasma chromium concentrations were close to the detec

tion limit of the instrument when samples were injected alone. Further

more, MSA compensates for the different matrices encountered in urine 



26 

samples and the changes in sensitivity as the furnace tube ages (VeilIon 

et al., 1982). Thus, 10 ul standard and 10 ul sample (in that order) 

were pipetted into the pyro tube and put through the proper furnace 

heating program together (refer to Instrumentation section). Using 10 

yl aliquots, each sample was injected and run through the program at 

least three times, i.e. on top of standards containing 10, 25, 50, and 

100.ppb, in order to obtain a standard curve for that particular sample. 

The heating programs took at least 4 min to complete for each 20 yl in

jection (including boosts and cooling); thus, it took a minimum of 30 

min to analyze a specimen using the MSA. At least two absoTbance read

ings of 10% difference or less were taken for each sample so an average 

could be obtained. 

After completing an entire sample run, the absorbance vs. chrom

ium content was plotted to indicate whether linearity was achieved for 

the standard curve. The chromium concentrations of the samples were 

determined by performing a linear regression on each sample curve and by 

calculating the slope and y-intercept of the line: 

S1°>>e = ; Conc" siip? : Thus
' 

Conc Cxl) = y
~
ft 

In other words, the y-intercept represents the absorbance of the sample 

alone and x1 represents the concentration of the sample (refer to Figure 

3). 

All urinary chromium concentrations were expressed as ng chrom

ium per mg creatinine (Cr/Cre) because of the need for standardization 

despite volume and diurnal fluctuations (Gurson and Saner, 1978b). 



27 

.25 

.20 
LU 

5.15 

<.10 

.05 

.50 .25 .10 0 .10 .25 .50 
FOUND ADDED 

CHROMIUM (ng) 
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Chromium Content vs. Absorbance. 
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Saner believes that the Cr/Cre urinary ratio is a reliable index in the 

assessment of the chromium nutritional state (Saner, 1980b). Creatin

ine standards were prepared and urinary creatinine determinations were 

made according to Sigma Chemical Company's Creatinine Kit #555-A (St. 

Louis, MO). The procedure employed is based on a modified version of 

the Jaffe reaction and in principle is as follows: under alkaline con

ditions, creatinine can react with picric acid to form a yellow-orange 

complex. The color is derived from both creatinine and non-specific 

substances in the sample. When acid is added to the mixture, the color 

produced by creatinine is destroyed while that contributed by the non

specific substances remains. Thus, the creatinine concentration is 

proportional to the difference in color intensity at 500 nm before and 

after acidification. A 15-fold dilution of each urine sample was made 

and the creatinine concentrations were calculated as follows (Sigma 

Technical Bulletin #555, 1980): 

Initial A^™ - Final A™™, 
Creatinine (mg/100 ml) = Initial A Final A x 3 x 15 

mxtiai astandard _ final astandard 

Where: 

Initial A of TEST = Absorbance of TEST prior to addition of acid 

reagent 

Final A of TEST = Absorbance of TEST after addition of acid 

reagent 

Initial A of STANDARD = Absorbance of STANDARD prior to addition of 

acid reagent 



Final A of STANDARD 

3 
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Absorbance of STANDARD after addition of acid 

reagent 

Concentration of creatinine in standard (3.0 

mg/100 ml) 

Dilution of the sample 



CHAPTER 3 

RESULTS AND DISCUSSION 

Saner (1980b) believes that age must be taken into consider

ation if the Cr/Cre ratio is used as an indicator of chromium nutri

tional status. Furthermore, she suggests that personal character

istics such as parity and gestational age may influence the chromium 

status of pregnant women (Saner, 1981a, b). In this study, there was 

no significant difference in the average age of the subjects between 

groups (Table 2). In addition, there was no significant difference in 

gravidity, parity, or gestational age at the time of the glucose load 

between groups. There was, however, a significant difference in the 

prepregnancy weight between the controls and the gestational dia

betics. Fasting serum glucose (FG) levels were also significantly 

different between the three groups. (See Appendix A for a list of 

abbreviations.) Only the insulin-dependent (I-D) diabetic FG mean 

was abnormal and agreed with the definition of overt diabetes 

(FG > 110 mg/dl). Furthermore, the 2-hr postprandial glucose (PPG) 

means of both diabetic groups were abnormal (> 140 mg/dl) and signifi

cantly higher than the mean of the controls (Table 2). All of the 

above comparisons were performed statistically using one-way analysis 

of variance (ANOVA) with two degrees of freedom (DF). 

30 



Table 2. Characteristics of Subjects in Different Groups1 

„ 1 Gestational Insulin-dependent ANOVA 

ck* T(?n\ Diabetics Diabetics P Value 
LN = } (N = 11) (N = 5) CDF = 2) 

Age 26.80 ± 1.21 27.00 ± 2.09 25.40 ± 0.87 NS 

Gravidity 2.10 ± 0.35 1.73 ± 0.43 1.00 ± 0.32 NS 

Parity 1.45 + 0.28 0.91 ± 0.31 0.40 ± 0.24 NS 

Prepregnancy Weight 
(lbs) 

126.05 ± 6.36a 158.36 ±12.07b 126.40 ± 9.82a'b < 0.05 

Gestational Age2 

(months) 
30.05 ± 0.47 30.73 ± 1.26 29.40 + 2.77 NS 

Fasting Glucose 

Cmg/dl) 

80.45 + 0.84a 91.91 ± 4.28b 143.60 ±16.04C < 0.01 

Postprandial Glucose 

Cmg/dl) 

95.30 + 3.64a 158.45 ±10.66b 165.40 ±11.10b < 0.01 

*Mean ± S.E.M. 

2At time of glucose load 

3. 1} C 
' ' Least significant range test. Means not followed by the same superscript are 

significantly different from each other. 

N = Number of subjects 

NS = Nonsignificant 
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The chromium concentrations in fasting and 2-hr postprandial 

urine and plasma, and maternal and cord plasma at delivery are given 

in Table 3. Again, the mean for each parameter was analyzed between 

groups by one-way ANOVA (DF = 2). There was no statistically signifi

cant difference in any of the chromium levels between controls, 

gestational diabetics, and I-D diabetics. The I-D diabetics, however, 

appeared to have a slightly higher chromium excretion than the other 

groups. This was probably not detected as a significant difference 

statistically because of the small sample size (N = 5) and the wide 

individual variation fnote the large standard error of the means = 

S.E.M.). Figure 4 suggests that there was a positive relationship 

between FG levels and fasting urinary Cr/Cre (FUCC) ratios in this 

study (see Table 6). Subjects with high FG concentrations, i.e. I-D 

diabetics, tended to have high FUCC ratios. Other studies also 

indicate that I-D diabetics excrete more chromium than normal subjects 

(Doisy, 1971; Hambridge, 1974; Giirson and Saner, 1978a). 

The I-D diabetics also appeared to have relatively low 

maternal plasma chromium levels at delivery (MP) when compared to 

subjects from other groups. Perhaps high urinary chromium concentra

tions, which seem to be characteristic of I-D diabetics, contribute 

to a gradual depletion of chromium stores and a tendency toward lower 

maternal plasma chromium levels in late pregnancy. Table 6 reveals 

the significant negative correlation between FG and MP chromium levels 

of subjects in this study. The fact that the I-D diabetics had the 



Table 3. Chromium (Cr) Levels of Subjects in Different Groups1 

r . Gestational Insulin-dependent ANOVA 
tm" Diabetics Diabetics P Value 

= ZU) (N = 11) (N - 5) (DF = 2) 

Fasting Urinary Cr 6.77 ± 1.51 5.55 ± 1.03 9.24 ± 5.11 NS 

(PPb) 

Postprandial Urinary Cr 5.42 ± 1.65 6.61 ± 1.70 5.81 ± 0.73 NS 

(PPb) 

Fasting Urinary Cr/Cre 9.22 ± 2.35 5.34 ± 0.91 20.34 + 14.13 NS 
Ratio (ng Cr/mg Cre) 

Postprandial Urinary 6.28 ± 2.09 6.36 ± 1.45 11.37 + 4.01 NS 
Cr/Cre Ratio (ng Cr/mg Cre) 

Fasting Plasma Cr 6.68 ± 0.71 5.66 ± 0.90 5.72 ± 1.33 NS 
Cppb) 

Postprandial Plasma Cr 6.91+0.79 5.35 ± 1.13 6.06 ± 0.75 NS 

Cppb) 

Maternal Plasma at 
Delivery* Cppb) 

Cord Plasma* 

(PPb) 

8.49 + 1.15 6.82 + 1.11 4.45 + 1.33 NS 

CN = 17) CN — 10) CN = 5) 

4.84 + 1.22 3.12 + 0.72 5.43 + 1.45 NS 

CN = 17) CN - 10) CN = 5) 

*Mean ± S.E.M. NS = Nonsignificant 

N = Number of subjects 

*N values differ from other parameters measured 
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highest FG concentration and the lowest MP chromium concentration 

coincides with this correlation (see Figure 5). 

The chromium levels obtained in this study seem to be within 

the same order of magnitude as values for pregnant women reported 

elsewhere (Table 3). In one study, pregnant women had average Cr/Cre 

ratios of 11.75 and 8.73 before and after GTT, respectively (Saner, 

1981b). Davidson and Burt (1973) report fasting and postprandial 

plasma levels of 2.97 and 3.11 ppb, respectively, in pregnant women 

during late pregnancy. In addition, Bogden et al. (1978) found 

average maternal plasma chromium concentrations to be 5.8 ppb and 

average cord plasma concentrations to be 6.8 ppb for infants of 

normal birth weight (> 2500 gm). Conner and Cassady (1979) also 

report values of 6.0 and 4.3 ppb for serum chromium levels of normal 

birth-weight infants (average and large for gestational age, 

respectively). 

Table 4 presents the results of split-plot analyses for 

selected chromium variables. Four different between-group and within-

group comparisons were performed. The former is similar to an 

analysis of variance except that the mean of two variables combined 

is used for comparison instead of the mean of just one variable. 

(Furthermore, the assumption of independence of samples need not be 

accounted for in split-plot analyses.) For example, the mean of a 

pre- and post-variable (i.e. fasting and postprandial plasma chromium) 
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Table 4. Split-Plot Analyses for Selected Chromium Variables 

Analyses Control 
Gestational 

Diabetic 

Insulin-
dependent 

Diabetic 

P Values for 
Split-plot 
Analysis 

Fasting Plasma Cr 6.68 
vs. 

Postprandial 
_ Plasma Cr1 

X 6.79 

6.91 

5.66 

5.35 

5.51 

5.72 

6.06 

5.89 

6.24 

6.32 

Group Effect 

Time Effect 

Group x Time 
Interaction 

DF = 2 NS 

DF = 1 NS 

DF = 2 NS 

Fasting Urinary 
Cr/Cre 

9.22 5.34 20.34 9.58 Group Effect DF = 2 NS 

vs. 
Postprandial 

Urinary Cr/Cre1 

X 

6.28 

7.75 

6.36 

5.85 

11.37 

15.85 

7.01 

Time Effect 

Group x Time 
Interaction 

DF 

DF 

1 

2 

NS 

NS 

Fasting Plasma Cr 6.92 5.84 5.72 6.39 Group Effect DF = 2 NS 
vs. 

Maternal Plasma 
Cr*'2 

X 

8.49 6.82 4.45 7.34 
Time Effect DF = 1 NS 

vs. 
Maternal Plasma 
Cr*'2 

X 7.70 6.33 5.09 
Group x Time 
Interaction 

DF = 2 NS 

Postprandial 

Plasma Cr 
6.03 5.53 6.06 5.88 Group Effect DF = 2 NS 

vs. Time Effect DF = 1 NS 
Maternal Plasma 
Cr*'2 

X 

8.49 6.82 4.45 7.34 
Maternal Plasma 
Cr*'2 

X 7.26 6.18 5.26 
Group x Time 
Interaction 

DF = 2 NS 

dumber of subjects: Control 

2Number of subjects: Control 

*At Delivery 

NS = Nonsignificant 

20; Gestational Diabetics 

17; Gestational Diabetics 

11; Insulin-dependent Diabetics = 5 

10; Insulin-dependent Diabetics = 5 
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for one group was compared to the mean of the same pre- and post-

variable of each of the other groups (group effect). Then the 

combined mean of all three groups for a pre-variable (i.e. fasting 

plasma chromium) was compared to the combined mean of a post-variable 

(i.e. postprandial plasma chromium) to see if a significant difference 

existed between these levels without taking group type into account 

(within group comparison of a time effect). 

No significant difference was found between the groups in the 

means of the 1) fasting and postprandial plasma Cr; 2) fasting and 

postprandial urinary Cr; 3) fasting and maternal plasma Cr; and 4) 

postprandial and maternal plasma Cr (Table 4). Furthermore, no 

significant difference was found in the combined group means between 

each of the above time effects. Thus, the results of this study 

indicate that fasting and postprandial plasma chromium concentrations 

of pregnant women appear to be about the same. This finding agrees 

with the observation reported by Davidson and Burt (1973) that a 25 gm 

intravenous (IV) glucose load failed to change the plasma chromium 

level of pregnant subjects but caused a fall in the plasma level of 

normal women. Fasting and postprandial urinary Cr/Cre ratios of 

pregnant women in this study also did not differ significantly. This 

finding agrees with Saner's (1981b) observation that the mean urinary 

chromium values of nine women in late pregnancy before and after an IV 

glucose load were not significantly different. 

The difference between the average maternal plasma chromium 

for all subjects combined and the fasting or postprandial plasma 
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chromium was also statistically nonsignificant (Table 4). This 

finding does not agree with Saner's hypothesis that the chromium 

nutritional state decreases with advancing stages of pregnancy; 

however, the evidence for her claim was obtained from hair and 

urinary chromium concentrations, not from plasma levels (Saner, 

1981a, b) . Furthermore, Saner compared the values between tri

mesters to obtain her results. The average gestational age of my 

subjects at the time of their glucose load (GAG} was 30 weeks, which 

means that most of my subjects were in their third trimester when 

samples were collected. Perhaps plasma chromium levels decline 

throughout pregnancy but the decrease is not noticeable unless levels 

are compared after large time intervals. A significant inverse cor

relation was found in this study between fasting plasma chromium 

concentrations and the gestational ages of the subjects (Table 7). 

Thus, with a more advanced gestational age, there seems to be a trend 

towards lower fasting plasma chromium levels. This relationship is 

illustrated in Figure 6. 

A split-plot analysis was also performed on the maternal and 

cord plasma chromium concentrations (MP and CP, respectively). There 

was no significant difference in the mean of the two variables com

bined between the groups (group effect); however, the combined mean 

of the MP chromium for all groups differed significantly from that of 

the CP chromium (Table 5). With the exception of the I-D group, the 

MP chromium of normal pregnant women and gestational diabetics 

appeared to be higher than the CP chromium. Mertz and Roginski (1971) 
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Table 5. Split-Plot Analysis for Maternal and Cord Plasma Chromium1 

Variables 

CPPb) 

Control 
Group 

(N = 17] 

Gestational 
Diabetic Group 

CN = 10) 

Insulin-dependent 
Diabetic Group 

CN = 5) 

Maternal Plasma Cr2 

vs. 

Cord Plasma Cr 

8.49 ± 1.15 

4.84 ± 1.22 

6.66  

6 .82  ±  1 .11  

3.12 ± 0.72 

4.97 

4.45 ± 1.33 

5.43 ± 1.45 

4.94 

Treatment Comparisons 

A. Group Effect 

Error 

B. Maternal vs. Cord 

Interaction A x B 

Error 

DF Mean Square 

2 23.14 

29 25.22 

1 56.68 

2 22 .80  

29 9.14 

0.92 

6 .20  

2.49 

P Value 

0.41 

0.02* 

0.10 

7.34 

4.39 

5.86 

Hlean ± S.E.M. 

2At delivery 

•Significant at P < 0.05 

N = Number of subjects 
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suggest that inorganic chromium cannot cross the placenta very well 

but that GTF chromium is readily transported. The higher MP chromium 

may be due to the inefficient transport of inorganic chromium. 

Another possible explanation is based on the fact that the glucose con

centration in fetal blood is 20-30% below that of the maternal blood 

since it is used rapidly by the fetus (Jensen, 1980). Perhaps fetal 

chromium is also rapidly used since this element is necessary for 

glucose uptake (Mertz, 1969), thus, resulting in a relatively lower 

chromium concentration in cord plasma. Table 6 shows that a highly 

significant positive relationship existed between maternal and cord 

plasma chromium levels of subjects in this study. This correlation 

suggests that as MP chromium increases, the tendency is also for CP 

chromium to increase (and vice versa). Therefore, it seems that 

changes in CP chromium may reflect changes in MP chromium (Figure 7). 

A summary of the significant correlation coefficient between 

different glucose and chromium variables is presented in Table 6. 

Some of these relationships have already been discussed. Two more 

shall be mentioned here. Firstly, the correlation coefficient 

between fasting and postprandial serum glucose concentrations (FG and 

PPG, respectively) was significant at P < 0.01. This correlation 

indicates that a positive relationship existed between these two 

parameters; thus, one may predict that as one value increases or 

decreases, the other value will do the same. This trend coincides 

with my data in that pregnant subjects who had high FG levels (i.e. 

I-D diabetics) usually had high PPG levels also. 
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Table 6. Correlation Coefficients Between Glucose and Chromium Variables1 

FG PPG FUCC PPUCC CP MP 

FG — 0.54* 0.26*** NS NS -0.29** 

PPG 0.54* — NS NS NS NS 

FUCC 0.26*** NS — 0.35** NS NS 

PPUCC NS NS 0.35** — NS NS 

CP NS NS NS NS — 0.43* 

MP -0.29** NS NS NS 0.43* — 

lasting and postprandial plasma Cr levels were not significantly correlated with any of the 
above variables. 

*P < 0.01 

**P < 0.05 

***P <0.06 

NS = Nonsignificant 
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Another significant positive correlation was observed between 

fasting urinary Cr/Cre CFUCC) and postprandial urinary Cr/Cre 

(PPUCC). Again, one may predict that as one of these variables in

creases or decreases, the other will probably do the same. Figure 8 

graphically illustrates this relationship. Note the variability of 

these levels between subjects. The strength of the positive relation

ship appears to be weakened since the graph had to be constructed with 

large intervals to account for this variability. One may perhaps 

postulate that in pregnant women, the fasting urinary chromium levels 

reflect the 2-hr postprandial urinary chromium levels. This idea is 

further supported by the data presented in Table 4 in that average 

FUCC values were about the same as average PPUCC values for all groups 

combined. 

Correlations were also performed between all of the different 

chromium variables and the personal characteristics of the subjects 

and the newborns. Table 7 presents the significant correlation co

efficients between some of these variables. (Refer to Appendix B for 

additional data concerning infant characteristics.) Note that a 

highly significant relationship existed between both pre- and post-

glucose levels and the delivery mode of the subjects. This correla

tion suggests that it is more likely for subjects with high glucose 

levels to have cesarean deliveries. In this study, ten of the 16 

diabetics had cesarean deliveries whereas all of the controls had 

vaginal deliveries. Furthermore, Mexican-Americans and patients who 

weighed more seemed to have higher incidences of cesarean sections 
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Figure 8. Linear Regression of Fasting Urinary Chromium vs. Postprandial Urinary Chromium 



Table 7. Significant Correlation Coefficients (r) Between Different Variables 
Obtained From Subject and Newborn 

Correlated Variables r Value 

1. Fasting glucose vs. delivery mode1 0.59** 

2. Postprandial glucose vs. subject's prepregnancy wt 0.30* 

3. Postprandial glucose vs. delivery mode1 0.59** 

4. Postprandial glucose vs. baby's estimated gestational age -0.32* 

5. Fasting urinary Cr/Cre vs. gravidity -0.28* 

6. Fasting plasma Cr vs. subject's prepregnancy wt -0.30* 

7. Fasting plasma Cr vs. subject's GAG2 -0.27* 

8. Postprandial plasma Cr vs. subject's ethnic group3 -0.36* 

9. Postprandial plasma Cr vs. baby's Apgar-5 score 0.36* 

10. Subject's prepregnancy wt vs. delivery mode1 0.37* 

11. Subject's ethnic group3 vs. delivery mode1 0.35* 

1Vaginal delivery value - 1; Cesarean section value = 2 *P < 0.05 

2GAG = gestational age at time of glucose load **P < 0.01 

Caucasian value = 1; Mexican-American value = 2 
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than normal-weight patients, as is indicated by the significant 

positive correlations between each of these variables (Table 7). 

Figure 9 shows a graphic representation of the significant relation

ship between prepregnancy weight and PPG levels. Postprandial glu

cose was also negatively correlated with the estimated gestational 

ages of the.infants at birth (yia Dubowitz assessment). This suggests 

that higher PPG concentrations during pregnancy (as is seen quite 

commonly in both types of diabetics) may result in a higher chance of 

having a large for gestational age (LGA) infant that may be delivered 

prior to term. Thus, it seems reasonable to predict that the more a 

subject weighs, the more chance she has for high PPG levels, diabetes, 

and cesarean deliveries during pregnancy (also refer to Table 2). 

Prepregnancy weight was also significantly correlated with 

fasting plasma chromium levels (FP). Figure 10 illustrates this 

inverse relationship and implies that FP chromium concentrations tend 

to be lower in subjects who weigh more. The gestational diabetics 

significantly weighed more than the controls and they also had the 

lowest FP chromium value among the groups. Perhaps chromium 

nutritional status is influenced by weight in addition to the general 

burden of pregnancy. It should be noted, however, that there was no 

significant correlation between prepregnancy weight and the other 

chromium parameters. 
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There was also a significant negative correlation between 

postprandial plasma chromium levels (PPP) and ethnic group affiliation 

(Table 7). Overall, it appears that the 16 Caucasians had higher PPP 

chromium levels than the 19 Mexican-Americans in this study. Perhaps 

this was due to the influence of diet and/or weight. In addition, a 

mother's PPP chromium concentration may have an effect on the overall 

physical status of her infant five minutes after delivery (Apgar-5). 

Higher PPP chromium levels correlated with higher Apgar-5 scores in 

this study; however, this correlation is probably meaningless since 

so many variables influence Apgar scores. 

Lastly, an inverse correlation was observed between fasting 

urinary Cr/Cre and gravidity (Table 7). Thus, it may be that the more 

pregnancies a woman has, the lower her urinary excretion of chromium 

or the higher her urinary excretion of creatinine. Either situation 

could result in a lower Cr/Cre ratio. It is difficult to interpret 

this correlation since the implications of a high or low urinary 

excretion of chromium remain unclear. Some investigators feel a high 

excretion may signify the inability to utilize chromium efficiently 

and could result in a deplation of stores (Saner, 1980a). It should 

be noted here that Saner (1981a) found hair chromium levels of multi-

parous women to be lower than those of nulliparous women. She sug

gests that deficiency may result with increasing parity. On the other 

hand, Shapcott et al. (1980) found no correlation between hair chrom

ium levels and gravidity. 



CHAPTER 4 

SUMMARY 

The results of this study indicate that there was no statis

tically significant difference in any of the chromium parameters 

between controls, gestational diabetics, and I-D diabetics. Further

more, there was no significant difference between fasting and post

prandial values for any of the chromium variables using the mean of 

all three groups combined. However, the combined mean for the 

maternal plasma chromium was significantly higher than that of the 

cord plasma chromium. With the exception of the I-D group, the 

maternal plasma chromium of normal pregnant women and gestational 

diabetics appeared to be higher than the cord plasma chromium. There 

was also a significant positive correlation between maternal plasma 

chromium and cord plasma chromium levels, which suggests that cord 

values may reflect those of the maternal plasma. The mean chromium 

levels found in this study were within the same general range cited 

in the literature for pregnant women by other investigators (1-10 

ppb). In conclusion, abnormal chromium metabolism does not appear to 

be involved in the etiology of gestational diabetes. The data pre

sented here suggest weight may be a factor to consider. 
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APPENDIX A 

LIST OF ABBREVIATIONS 

ANOVA Analysis of variance 

Apgar-1 Baby's Apgar score 1 min after delivery 

Apgar-5 Baby's Apgar score 5 min after delivery 

BC Baby's chest circumference (cm) at birth 

BGA Baby's estimated gestational age at birth 

BH Baby's head circumference (cm) at birth 

BL Baby's length (cm) at birth 

BW Baby's weight (gm) at birth 

CP Cord plasma chromium 

Cr Chromium 

Cre Creatinine 

DF Degrees of freedom 

DM Delivery mode (vaginal = 1 vs. cesarean 

section = 2) 

ETH Ethnic group affiliation (Caucasian = 1 vs. 

Mexican-American = 2) 

FG Fasting glucose (mg/dl) 

FP Fasting plasma chromium 

FU Fasting urinary chromium 
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Fasting urinary chromium (ng) per 

creatinine (mg} 

Fasting urinary creatinine per ml 

Gestational age at time of glucose load 

Glucose tolerance factor 

Glucose tolerance test 

Gravidity 

Insulin-dependent 

Intravenous 

Maternal plasma chromium at delivery 

Number of subjects 

Nonsignificant 

Parity 

Parts per billion (ng/ml) 

Postprandial glucose (mg/dl) 

Postprandial plasma chromium 

Postprandial urinary chromium 

Postprandial urinary chromium (ng) per 

creatinine (mg) 

Postprandial urinary creatinine per ml 

Standard error of the mean 

Prepregnancy weight of subject 

Average 



APPENDIX B 

ADDITIONAL DATA CONCERNING 

THE INFANT CHARACTERISTICS OF 

SUBJECTS IN THIS STUDY 
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Characteristics of Newborns in Different Groups1*2 

Gestational Insulin-dependent ANOVA 
Controls Diabetics Diabetics P Value 
(N = 19) (N = 11) (N = 5) (DF = 2) 

BGA (wks) 39.42 ± 0.27 37.82 ± 0.90 38.80 + 0.58 NS 

BW (gin) 3370.26 ± 103.74 3450.36 ± 172.50 3741.40 ± 189.76 NS 

BL (cm) 51.21 ± 0.33 50.27 ± 0.61 50.74 ± 1.30 NS 

BH (cm) 33.89 + 0.31 34.27 ± 0.44 34.80 ± 0.60 NS 

BC (cm) 32.66 ± 0.37a 33.50 ± 0.75a 35.60 ± 0.37b < 0.05 

Apgar-13 7.84 ± 0.19a 6.18 ± 0.74b 8.00 ± 0.45a < 0.05 

Apgar-53 8.95 ± 0.09 8.64 ± 0.28 8,80 ± 0.20 NS 

xRefer to Appendix A for list of abbreviations. 

2Mean ± S.E.M. 

3Based on a scale of 1-10 (lowest to highest, respectively). 

N = Number of subjects. 

NS = Nonsignificant. 

3. b 
' Least significant range test. Means not followed by the same superscript are 

significantly different from each other. 
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Significant Correlation Coefficients Between Different Variables 
Obtained from Newborn and Subjects 

(See Appendix A) 

Correlated Variables r Value P Value 

BH vs. WT 0.29 < 0.05 

BH vs. ETH 0.33 < 0.05 

BC vs. GV -0.27 < 0.06 

BC vs. PAR -0.27 < 0.06 

BC vs. WT 0.29 < 0.05 

BC vs. FG 0.43 < 0.005 

BGA vs. BW 0.34 < 0.05 

BGA vs. BL 0.54 < 0.001 

BGA vs. BH 0.27 < 0.06 

BW vs. BL 0.54 < 0.001 

BW vs. BH 0.67 < 0.001 

BW vs. BC 0.81 < 0.001 

BW vs. Apgar-5 0.34 < 0.05 

BL vs. BH 0.27 < 0.06 

BL vs. BC 0.41 < 0.01 

BL vs. Apgar-5 0.38 < 0.05 

BH vs. BC 0.51 < 0.001 

BH vs. DM 0.44 < 0.005 

BC vs. DM 0.49 < 0.001 

Apgar-1 . VS. FUCM ' -0.33 < 0.05 

Apgar-1 . vs. Apgar-5 0.65 < 0.001 

Apgar-] .vs. DM -0.28 < 0.06 

Apgar-E 1 vs. FUCM -0.38 < 0.05 
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T H E  U N I V E R S I T Y  O F  A R I Z O N A  
T U C S O N ,  A R I Z O N A  8  5  7 2 4  

H U M A N  S U B J E C T S  C O M M I T T E E  
ARIZONA HEALTH SCIENCES CENTER 1303 

TELEPHONE; UMTll OR ilt-WJ 

3 December 1981 

K. Y. Lei, Ph.D. 
Nutrition and Food Science 
Agricultural Sci., Room 316-31S 
MAIN CAMPUS 

Dear Dr. Lei: 

We are in receipt of your project, "Gestational Diabetes and 
Maternal Age: Effect on Chromium Metabolism", vhich was submitted to 
the Human Subjects Committee for review. The procedures to be fol
lowed pose no sore than minimal risk to the subject Involved. The 
regulations issued by the U.S. Department of Health and Hunan Services 
(45 CFR Part 46.110) authorize approval of this type project through 
the expedited review procedures so that full Committee review is ncrt 
required. A brief sinanary of the projectis submitted to the Coumittee 
for their information and comaent, if any, after administrative appro
val is granted. This project is approved effective 3 December 1981. 

Approval Is granted with the understanding that no changes will 
be made in either the procedures followed or in the consent form used 
(copies of vhich we have on file) without the knowledge and approval of 
the Human Subjects Committee and the Departmental RNview Committee. 
Any physical or psychological harm to any subject must also be reported 
to each cossaittee. 

A university policy requires that all signed subject consent forms 
be kept in a permanent file in an srca designated for that purpose by 
the Department Head or comparable authority. This will assure their 
accessibility In the event that university officials require the infor
mation and the principal invostlgator is unavailable for some reason. 

Sincerely yours, 

Milan Novak, M.D., Ph.D. 
Chairman 

HN/jm 

cc: B. L. Reid, Ph.D. 
Departmental Reviev Co-^ivtee 
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SUBJECT'S CONSENT 

Gestational Diabetes and Maternal Age: Effect on Chromium Metabolism 
Department of Nutrition and Food Science 

University of Arizona 

You have been asked to participate in a nutrition study. The study will examine 
the effect of diabetes during pregnancy and maternal age on chromium nutritional 
status. (Chromium is a trace mineral necessary for normal carbohydrate metabolism). 
You have been selected for the study either because you are a gestational diabetic 
who is approximately 6 months pregnant or because you are healthy and approximately 
6 months pregnant. 

The plan of the project is to collect physical data along with blood and urine 
samples from you at 6-7 months of pregnancy and at delivery. "Die researcher will 
meet with you at the obstetric and gynecology clinic before your monthly office 
visit with your doctor. During the first meeting, data such as age, body weight, 
number of successful live-birth pregnancies, total number of pregnancies and family 
income will be recorded. At the same time, no more than 20 ml. blood sample will 
be collected from you. 

Also, no more than a 20 ml. sample of cord blood will be collected at delivery by 
your obstetrician. In addition, the weight, length, head circumference, and 
gestational age of your infant will be recorded shortly after birth. 

Laboratory tests will be performed on the samples collected. If the laboratory 
results suggest nutritional deficiency, the information will be passed on to your 
doctor and then to you. This is the benefit that you will receive from this study. 
The results will also be available to you. Costs related to your routine medical 
care are not connected to this study and will remain your own responsibility. 

Each subject will be assigned a patient number (numerical code). During the 
study all records will be kept strictly confidential. After the conclusion of 
the project, the code sheet containing names and patient numbers, and any other 
information used in locating the subject will be destroyed. Thus no association 
between data and your name can be made possible. 

Consent of Subject: 

The nature, demand, risks, and benefits of the project have been explained to me. 
I understand what my participation involves and that I may ask questions and with
draw from the study at anytime without ill will or affecting my medical care. A 
copy of this consent form is available to me upon request. 

(Subject) (Date) 

I have carefully explained the nature of the above project to the subject. The 
subject signing this form understands the nature, demands, benefits, and risks 
involved in volunteering for this project. An educational or language barrier 
has not affected the subject in understanding her involvement in this study. I 
also understand that this consent form will be filed in an area designated by the 
Human Subjects Committee with access restricted to the principal investigator or 
authorized representatives of the Department of Nutrition and Food Science. 

(Researcher) (Date) 
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Consent Date 

Subject's Name 

Study Classification: 

Ethnic Group 

Age: Birthdate: 

Weight before Conception: Weight Now: 

Present Gestational Age: __ 

Date at 28 Weeks: 

Fasting + Post Prandial Appt. Date: 

Due Date: 

Date of Delivery: 

Total Number of Previous Pregnancies: 

Total Number of Successful Pregnancies: 

Supplements and/or Drugs: 

REMARKS: (ie., complications, vegetarian, cigarette smoker, alcohol?) 

Blood Sample Dates Urine Sample Dates 



THE UNIVERSITY OF ARIZONA 
HEALTH SCIENCES CENTER 
TUCSON, ARIZONA 85724 
College of Medicine 
Obstetrics and Gynecology 

March 10, 1982 

MEMORANDUM: 

TO: Labor and Delivery 

FROM: Levis Shenker, M.D. 
Professor, Obstetrics and Gynecology 
Director, Division of Perinatology 

Around March 23, 1982 and thereafter, you will notice certain 
patient's folders with the following sticker on the outside 
j acket: 

*LAB0R & DELIVERY** 
Please draw lOcc of: 

1) Maternal blood 
2) Umbilical cord 

blood 
from this patient and 

"her infant. Use mineral-
free, sodium heparinized blue top 
tubes provided for this study. 

L. Shenker, M.D. 

This sticker designates participants in the study on gestational 
diabetes and its effect on chromium balance. 

Please draw 10 cc. of maternal blood and cord blood from the 
designated patients and their infants at delivery. Be sure to 
use the mineral-free sodium heparanized blue top tubes provided 
for this study. The samples should be refrigerated and you 
should contact Cynthia Harrison as soon as possible so that she 
may come and pick them up. She may be reached at: 

Campus: 6-1670 or 6-5352 (Please leave message If not 
there) 

Thank you for your cooperation in this matter. 

CH/pk 


