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Low iron status and enhanced insulin sensitivity in lacto-ovo vegetarians
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The efficacy of insulin in stimulating whole-body glucose disposal (insulin sensitivity) was
quantified using direct methodology in thirty lacto-ovo vegetarians and in thirty meat-eaters. All
subjects were adult, lean (BMI <23 kg/m?), healthy and glucose tolerant. Lacto-ovo vegetarians
were more insulin sensitive than meat-eaters, with a steady-state plasma glucose (mmol/l) of 4-1
95% CI 35, 5:0) v. 69 (95% CI 52, 7-5; P = 0-0028) respectively. In addition, lacto-ovo
vegetarians had lower body Fe stores, as indicated by a serum ferritin concentration (pg/l) of 35
(95 % CI 21, 49) compared with 72 (95 % CI 45, 100) for meat-eaters (P = 0-0012). To test
whether or not Fe status might modulate insulin sensitivity, body Fe was lowered by phlebotomy
in six male meat-eaters to levels similar to that seen in vegetarians, with a resultant approximately
40 % enhancement of insulin-mediated glucose disposal (P = 0-0008). Our results demonstrate
that lacto-ovo vegetarians are more insulin sensitive and have lower Fe stores than meat-eaters. In
addition, it seems that reduced insulin sensitivity in meat-eaters is amenable to improvement by
reducing body Fe. The latter finding is in agreement with results from animal studies where, no
matter how induced, Fe depletion consistently enhanced glucose disposal.
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Meat-eaters have greater risk of developing both adult-
onset diabetes and atherosclerosis (Snowdon et al. 1984;
Snowdon & Phillips, 1985; Burr & Butland, 1988;
Snowdon, 1988; Thorogood et al. 1994; Fraser & Shavlik,
1997). These age-related pathologies are also more common
in insulin-insensitive (or resistant) individuals (Facchini
et al. 2000). Although currently unknown, such inter-
relationships among disease and metabolic defects on one
hand, and disease and dietary habits on the other, suggest
that meat-eating might also be associated with greater
degrees of insulin resistance.

Meat-eaters, as compared with lacto-ovo (LO) vege-
tarians, have greater body Fe stores, and meat intake was
indeed the only nutritional factor consistently shown to
positively correlate with storage Fe (Bothwell et al. 1979;
Worthington-Roberts et al. 1988; Lowik et al. 1990; Lyle
et al. 1992; Shaw et al. 1995; Brussaard et al. 1997).

Insulin resistance is also positively correlated with the
size of body Fe stores, when assessed by serum ferritin
concentrations (Tuomainen et al. 1997; Fernandez-Real
et al. 1998).

Since in animals Fe status is an important modulator of
insulin-stimulated glucose disposal e.g. the lower the Fe

status the lesser the degree of insulin resistance (Brooks
et al. 1987; Borel et al. 1993; Farrel et al. 1988; Hostettler-
Allen et al. 1993), we hypothesised that lacto-ovo
vegetarians are less insulin resistant than meat-eaters.

The present study addressed two specific questions: (1)
are meat-eaters more insulin resistant than lacto-ovo
vegetarians; (2) does lowering of body Fe to a lacto-ovo
vegetarian level improve insulin resistance.

Methods

Sixty lean normotensive glucose-tolerant individuals
agreed to participate and gave written informed consent.
Based on previous data, we performed sample size
calculation using a two-sample comparison determining a
required sample size of n 29 in each subject group (LO
vegetarians and meat-eaters). BMI was <23kg/m”.
Although such stringent selection criteria were somewhat
arbitrary, the goal was to exclude early clinical disease
states such as hypertension, glucose intolerance and,
particularly, obesity. All these conditions are closely related
to insulin resistance and therefore confound the relationship
between Fe, insulin and glucose metabolism.

Abbreviations: IST, insulin suppression test; LO, lacto-ovo; SSPG, steady-state plasma glucose.
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All participants were free of acute or chronic diseases,
and not taking pharmaceuticals. Their health status was
established by physical examination, blood cell count,
routine chemical analyses, urine analysis and resting
twelve-lead electrocardiography.

LO vegetarians were considered those who reported no
meat consumption for the previous 5 years. Meat-eaters
were those who ate meat (animal muscle) at least once daily
for the previous 5 years.

Baseline measurements included weight, height, blood
pressure, a 75g oral glucose-tolerance test and fasting
serum ferritin (Franco, 1987). Insulin resistance was
quantified using a standard insulin suppression test (IST).
After an overnight fast, subjects were given a fixed-dose
simultaneous intravenous infusion of somatostatin (at
5 p.g/min), %lucose (13 mmol/m? per min) and insulin
(180 pmol/m~ per min). The infusion lasted 180 min and
venous blood samples were drawn every 10 min during the
last 30 min for measurement of plasma glucose (Schmidt,
1961) and insulin (Hales & Randle, 1963). Since
somatostatin inhibits endogenous insulin secretion and
insulin plasma clearance has little inter-individual varia-
bility, this constant rate of insulin infusion allows
comparable steady-state levels, of about 350 pmol/l, in all
individuals. These physiological, postprandial-like, levels
fully suppress hepatic glucose production.

The mean value of the four measurements during the last
30 min was used to calculate the steady-state plasma glucose
(SSPG) concentration. At SSPG concentrations, the rate of
glucose infusion equals whole-body glucose disposal
(metabolism). Under these circumstances, the higher the
SSPG, the less effective insulin is in stimulating glucose
disposal and the more insulin resistant the individual. This
method, although not as sensitive as the glucose-clamp
technique in quantifying insulin action, is operator-
independent and, therefore, more suitable for paired studies
(Greenfield et al. 1981).

For the phlebotomy trial in meat-easters, we estimated a
sample size of n 6 for a one-sample comparison of means.
Six meat-eaters agreed to undergo Fe lowering by
phlebotomy according to the method described by Haskins
et al. (1952). Monthly or bimonthly 0-51 phlebotomy is very
effective in reducing the size of body Fe stores in Fe
overloading (Van Oost et al. 1983) and in normal
individuals (Finch et al. 1977).

The IST was repeated once serum ferritin concentrations
reached values comparable with those of LO vegetarians.

Assessment of physical activity relied on self-reporting
the number of exercise sessions per week resulting in
sweating. This type of questionnaire method is best
correlated with aerobic power (Siconolfi et al. 1985).

Statistics

All results are expressed as means and 95 % confidence
intervals. Non-normally-distributed variables were serum
ferritin concentration and SSPG. Inter-group comparisons
were performed using the unpaired Student’s ¢ test and
Mann-Whitney U test. In the six meat-eaters, where Fe was
lowered, SSPG values at follow-up were compared with
baseline results by two-tailed Student’s paired ¢ test after log
transformation. Linear and multiple regression models were
used to evaluate the relationships among insulin resistance
(SSPG), serum ferritin concentration and demographic
variables. All calculations were performed using a
commercial statistical software package (Statistica; Statsoft
Inc., Tulsa, OK, USA) for the Maclntosh (mod.iMAC;
Apple Computers, Cupertino, CA, USA).

Results

Table 1 illustrates demographic and metabolic character-
istics of the two groups. The LO vegetarians were not
different from the meat-eaters in terms of age, gender and
BMIL

Serum ferritin concentration (g/l; 35 (95 % CI 21, 49) v.
72 (95 % CI 45, 100); P = 0-0012) and insulin resistance
(SSPG (mmol/l); 4-1 (95 % CI 3-5, 5-0) v. 6:9 (95 % CI 5-2,
7-5); P = 0-0028) were lower in LO vegetarians v. meat-
eaters respectively. When data from all subjects were
pooled, the two variables positively correlated (R 0-80; P =
0-0001); i.e. the higher the serum ferritin concentration the
greater the degree of insulin resistance. Such linear
correlation (shown in Fig. 1) was independent of gender,
BMI and age (Table 2).

In six male meat-eaters a mean of 2-9 (95 % CI 19, 4-0)
phlebotomies were performed to reduce body Fe stores to a
level similar to that of LO vegetarians. Following this
intervention serum ferritin concentration in the six meat-
eaters fell from a mean of 85-3 (95 % CI 65-1, 105-5) pg/l

Table 1. Group characteristics for meat-eaters and lacto-ovo (LO) vegetarians participating in
the study

(Mean values and 95 % confidence intervals)

Meat-eaters

LO vegetarians

(n 30) (n 30) Statistical significance of
difference between groups

Variable Mean 95% ClI Mean 95% ClI

Age (years) 40 36, 44 41 37, 45 NS

Gender (F:M) 20:10 20:10 NS

BMI (kg/m?) 219 21.3,225 216 21.0,22:2 NS

SSPG (mmol/l) 69 52,75 41 35,50 P =0-0028

SSPI (pmol/l) 395 332, 488 366 330, 402 NS

Ferritin (pg/l) 72 45, 100 35 21, 49 P =0-0012

SSPG, steady-state plasma glucose concentration; SSPI, steady-state plasma insulin concentration.
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Fig. 1. Linear regression analysis, showing 95% Cl bands
(=~ - --), of steady-state plasma glucose concentration (SSPG) v.
serum ferritin concentration for all meat-eaters and lacto-ovo
vegetarians (n 60). For details of subjects and procedures, see
pp. 515-516 and Table 1. y = 14-894 + 6-856x; RZ 0-652.

before phlebotomy to a mean of 27 (95 % CI 17-3, 34-8) g/l
after phlebotomy (P = 0-0004).

The effect of Fe lowering on insulin resistance is shown
in Fig. 2. Individual values are shown for the six subjects
before and after phlebotomy. Despite a similar steady-state
plasma insulin concentration (pmol/l; 401 (95 % CI 311,
491) v. 364 (95% CI 298, 430), physical activity level
(no. of sessions of sweat-inducing exercise per week; 3-0
95 % CI 24, 3-6 v. 3-0 (95 % CI 2-2, 3-8) and body weight
(kg; 89 (95% CI 85, 93 v. 90 (95% CI 84, 96) before
and after phlebotomy respectively, SSPG was 41 % lower
after phlebotomy (from 8-8 (95% CI 6-8, 10-8) mmol/l
before phlebotomy to 5-2 (95 % CI 3-8, 6:6) mmol/l after
phlebotomy; (P = 0-0008), indicating enhancement of
insulin-stimulated glucose disposal following Fe depletion.

Discussion

The main finding of our investigation was that LO
vegetarians are less insulin resistant than habitual meat-
eaters.

Table 2. Multiple regression analysis for the pooled data from

meat-eaters and lacto-ovo vegetarians (n 60). Dependent (out-

come) variable SSPG. Independent (predictor) variables age, gen-
der, BMI, PA ferritin. Model R? 0-66, Se 0-13, P = 0-00001

Variable Beta coefficient SE Statistical significance: P
Age 0-11 0-08 0-19

Gender 0-07 0-09 0-40

BMI 0-08 0-08 0-29

PA —0-03 0-08 0-09

Ferritin 076 0-08 0-00001

SSPG, steady-state plasma glucose concentration; PA, physical activity level
(no. of sessions of sweat-inducing exercise per week).
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Fig. 2. Individual steady-state plasma glucose concentrations
(SSPG) before (SSPG1) and after iron lowering (SSPG2) in six
male meat-eaters (®). For details of subjects and procedures, see
pp. 515-516. (O), Mean values with their standard errors rep-
resented by vertical bars for six subjects. Mean values were sig-
nificantly different: *P = 0-0008.

Serum ferritin concentrations were also lower in LO
vegetarians, and this finding is in agreement with those of
previous studies comparing healthy vegetarians with
omnivores (Helman & Darnton-Hill, 1987; Worthington-
Roberts et al. 1988; Lowik et al. 1990; Lyle et al. 1992;
Donovan & Gibson, 1995; Shaw et al. 1995; Brussaard
et al. 1997). In healthy individuals serum ferritin is highly
correlated with Fe stores measured by either quantitative
phlebotomy (Walters et al. 1973) or bone-marrow Fe
staining (Lipschitz et al. 1974; Hallberg et al. 1993,
1997). Thus, in our study subjects lower serum ferritin
concentrations indicated decreased body Fe stores.

There are several reasons why LO vegetarians have a
lower Fe status than meat-eaters. First, meat is a powerful
enhancer of intestinal non-haem-Fe absorption (Hallberg &
Rossander, 1982; Lynch, 1997). Second, haem-Fe absorp-
tion is less inhibited than non-haem-Fe by polyphenols,
phytates and the size of body Fe stores (Hallberg et al. 1979;
Lynch, 1997). These mechanisms explain why meat intake
is the only nutritional factor found to predict Fe status in
normal individuals (Bothwell er al. 1979; Worthington-
Roberts et al. 1988; Lowik et al. 1990; Lyle et al. 1992;
Shaw et al. 1995; Brussaard et al. 1997; Lynch, 1997).
Third, LO vegetarians often consume considerable amounts
of Ca-enriched products (in particular, cheese). A variety of
studies have shown that Ca salts also significantly inhibit
intestinal Fe absorption as well (Anderson et al. 1940; Cook
et al. 1991; Hallberg et al. 1991). Thus, low v. high dietary
Fe bioavailability is likely to account for differences in Fe
status among vegetarians and meat-eaters.

The Fe-lowering trial using phlebotomy demonstrated
that Fe is a key factor in the difference in insulin resistance
among LO vegetarians and meat-eaters. Studies in animals
(Brooks et al. 1987; Borel et al. 1993; Farrel et al. 1988;
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Hostettler-Allen et al. 1993), in which Fe-poor diets had
phlebotomy-like effects, and in vitro, in which Fe chelation
enhanced glucose transporter 1-mediated glucose uptake
(Potashnik et al. 1995), support this conclusion. Thus,
increasing body Fe leads to greater serum ferritin and
insulin resistance (Tuomainen et al. 1997; Fernandez-Real
et al. 1998), thereby worsening the risk of diabetes (Salonen
et al. 1998). In addition, well-known associations, such as
that among glucose intolerance, haemochromatosis (Dan-
dona et al. 1983) and secondary Fe overload (Merkel et al.
1988) are also seemingly related to Fe-induced insulin
resistance.

Fe status influenced insulin sensitivity similarly when
methods other than the IST were used. For example, glucose
tolerance improved after phlebotomy and at comparable
serum ferritin values (Facchini, 1998).

It could also be argued that the observed reduction in
insulin resistance was caused (rather than by Fe lowering
per se) by low reproducibility of the IST, operator-
dependent bias, or by the fact that insulin resistance per se is
a time-sensitive variable.

However, the IST is, in contrast to the euglycaemic
clamp, an operator-independent technique, and therefore the
most appropriate in the setting of a paired study design
(Greenfield et al. 1981). Moreover, it was demonstrated
previously that not only does the IST have good short-
term reproducibility (Sheu er al. 1992), but also that
insulin resistance is a fairly stable metabolic variable over
long-term follow-up (Facchini et al. 1999).

Thus, it seems unlikely that methodological issues
accounted for the enhancement of insulin sensitivity. Non-
methodological factors, such as weight loss and/or increased
physical activity could also have explained our findings
(Olefsky et al. 1974; Rosenthal et al. 1983; Hughes et al.
1984; James et al. 1984). However, in our six meat-eating
subjects these variables were unchanged from baseline.
Thus, the most obvious interpretation of our results is that
Fe status markedly affected glucose metabolism.

In conclusion, LO vegetarians are more insulin sensitive
than meat-eaters. This metabolic feature appears to be
secondary to decreased body Fe in LO vegetarians
compared with meat-eaters.

Whether or not Fe status, directly or via its modulatory
effect on insulin-stimulated glucose disposal, is relevant in
the reduction in diabetes and atherosclerotic cardiovascular
disease in LO vegetarians (Snowdon et al. 1984; Snowdon
& Phillips, 1985; Snowdon, 1988; Burr & Butland, 1988;
Thorgood et al. 1994; Fraser & Shaulik, 1997) remains
unknown. Our data, if reproduced, should serve as a
stimulus for larger intervention studies in which the
relative importance and interaction of Fe lowering, insulin
resistance and vegetarianism on outcome development can
be assessed over long-term follow-up.

References

Anderson HD, McDonough KB & Elvejhem CA (1940) Relation
of the dietary calcium-phosphorus ratio to iron assimilation.
Journal of Laboratory and Clinical Medicine 25, 464—471.

Borel MJ, Beard JL & Farrel PA (1993) Hepatic glucose
production and insulin sensitivity and responsiveness in iron

deficient rats. American Journal of Physiology 264,
E380-E390.

Bothwell TH, Charlton RW, Cook JD & Finch CA (1979) Iron
Metabolism in Man. Oxford: Blackwell Scientific Publishing
Co.

Brooks GA, Henderson SA & Dallman PR (1987) Increased
glucose dependence in resting, iron deficient rats. American
Journal of Physiology 253, E461—-E466.

Brussaard JH, Brants HA, Bouman M & Lowik MR (1997) Iron
intake and iron status among adults in the Netherlands.
European Journal of Clinical Nutrition 51, Suppl. 3, S51-S58.

Burr ML & Butland BK (1988) Heart disease in British
vegetarians. American Journal of Clinical Nutrition 48,
Suppl., 830-832.

Cook JD, Dassenko S & Whittaker P (1991) Calcium
supplementation: effect on iron absorption. American Journal
of Clinical Nutrition 53, 106—111.

Dandona P, Hussein MA, Varghees Z, Politis D, Flynn DM &
Hoffbrand AV (1983) Glucose intolerance & iron overload.
Annals of Clinical Biochemistry 20, 77-79.

Donovan UM & Gibson RS (1995) Iron and zinc status of young
women consuming vegetarian and omnivorous diets. Journal of
the American College of Nutrition 14, 463—-472.

Facchini FS (1998) Effect of phlebotomy on plasma glucose and
insulin concentrations. Diabetes Care 21, 2190.

Facchini FS, Hua NW, Reaven GM & Stoohs RA (2000)
Hyperinsulinemia: the missing link among oxidative stress and
age-related diseases? Free Radical Biology and Medicine 29,
1302-1306.

Facchini FS, Humphries MH, Jeppesen J & Reaven G (1999)
Measurements of insulin-mediated glucose disposal are stable
over long-term follow-up. Journal of Clinical Endocrinology
and Metabolism 84, 1567—-1569.

Farrel PA, Beard JL & Druckenmiller M (1988) Increased insulin
sensitivity in iron-deficient rats. Journal of Nutrition 118,
1104-11009.

Fernandez-Real JM, Ricart-Engel W, Arroyo E, Balanca R,
Casamitjian-Abella R, Cabrero D, Fernandez-Castaner M &
Soler J (1998) Serum ferritin as a component of the insulin
resistance syndrome. Diabetes Care 21, 62—68.

Finch CA, Cook JD, Labbe RF & Culala F (1977) Effect of blood
donation on iron stores as evaluated by serum ferritin. Blood 50,
461-467.

Franco RS (1987) Ferritin. In Methods in Clinical Chemistry, 2nd
ed., pp. 1240-1242 [LA Kaplan and AJ Pesce, editors]. St
Louis, MO: Mosby.

Fraser GE & Shavlik DJ (1997) Risk factors for all-cause and
coronary heart disease mortality in the oldest-old. The Adventist
Health Study. Archives of Internal Medicine 157, 2249-2258.

Greenfield M, Doberne L, Kraemer F, Tobey T & Reaven G (1981)
Assessment of insulin resistance with the insulin suppression
test and the euglycemic clamp. Diabetes 30, 387—-392.

Hales CH & Randle PJ (1963) Immunoassay of insulin with
insulin-antibody precipitate. Biochemical Journal 88, 137—-146.

Hallberg L, Bengtsson C & Lapidus L (1993) Screening for iron
deficiency: an analysis based on bone-marrow examination and
ferritin determination in a population of women. British Journal
of Hematology 85, 787-798.

Hallberg L, Bjorn-Rasmussen E, Howard L & Rossander L (1979)
Dietary heme iron absorption. Scandinavian Journal of
Gastroenterology 14, 769-779.

Hallberg L, Brune M, Erlandsson M, Sandberg AS & Rossander L
(1991) Calcium: effect of different amounts on non-heme and
heme iron absorption in humans. American Journal of Clinical
Nutrition 53, 112—119.

Hallberg L, Hulten L & Gramatkovski E (1997) Iron absorption
from the whole diet in men: how effective is the regulation of

ssaud Aussaniun abpuquied Aq auluo payslignd Lz L00ZNfa/6£01°01/610"10p//:sd1y


https://doi.org/10.1079/BJN2001421

Insulin resistance, vegetarianism and iron 519

iron absorption? American Journal of Clinical Nutrition 66,
347-356.

Hallberg L & Rossander L (1982) Absorption of iron from
western-type lunch and dinner meals. American Journal of
Clinical Nutrition 35, 502—-509.

Haskins D, Stevens AR & Finch S (1952) Iron stores in man as
measured by phlebotomy. Journal of Clinical Investigation 31,
543-547.

Helman AD & Darnton-Hill I (1987) Vitamin and iron status in
new vegetarians. American Journal of Clinical Nutrition 45,
785-789.

Hostettler-Allen R, Tappy L & Blum JW (1993) Enhanced insulin-
dependent glucose utilization in iron-deficient veal calves.
Journal of Nutrition 123, 1656—1667.

Hughes TA, Gwynne JT, Switzer BR, Herbst C & White G (1984)
Effects of caloric restriction and weight loss on insulin release
and resistance in obese patients with type 2 diabetes mellitus.
American Journal of Medicine 77, 7-17.

James DE, Kraegen EW & Chisholm DJ (1984) Effect of exercise
training on whole body insulin sensitivity. Journal of Applied
Physiology 56, 1217-1222.

Lipschitz DA, Cook JD & Finch CA (1974) A clinical evaluation
of serum ferritin as a measure of iron stores in normal
individuals. New England Journal of Medicine 290, 1213-1216.

Lowik MR, Schrijver J, Odink J, van den Berg H & Wedel M
(1990) Long-term effects of a vegetarian diet on the nutritional
status of elderly people (Dutch Nutrition Surveillance System).
Journal of the American College of Nutrition 9, 600—609.

Lyle RM, Weaver CM, Sedlock DA, Rajaram S, Martin B &
Melby CL (1992) Iron status in exercising women: the effect of
oral iron therapy vs increased consumption of muscle foods.
American Journal of Clinical Nutrition 56, 1049—1055.

Lynch SR (1997) Interaction of iron with other nutrients. Nutrition
Reviews 55, 102—-110.

Merkel PA, Simonson DC, Amiel SA, Plewe G, Sherwin RS,
Pearson HA & Tamborlane WV (1988) Insulin resistance and
hyperinsulinemia in patients with thalassemia major treated by
hypertransfusion. New England Journal of Medicine 318,
809-814.

Olefsky J, Reaven GM & Farquhar JW (1974) Effects of weight
reduction on obesity. Journal of Clinical Investigation 53,
64-76.

Potashnik R, Kozlovsky N, Ben-Ezra S, Rudich A & Bashan N
(1995) Regulation of glucose transport and GLUT-1 expression
by chelators in muscle cells in culture. American Journal of
Physiology 269, E1052—E1058.

Rosenthal M, Haskell WL, Solomon R, Widstrom A & Reaven
GM (1983) Demonstration of a relation between level of

physical training and insulin stimulated glucose utilization in
normal humans. Diabetes 32, 408—411.

Salonen JT, Tuomainen TP, Nyssonen K, Lakka HM & Punnonen
K (1998) Relation between iron stores and non-insulin
dependent diabetes in men: a case control study. British Medical
Journal 317, 727.

Schmidt FH (1961) Die enzymatische bestimmung von glucose
und fructose nebeneinander (Enzyme regulation by glucose and
fructose side by side). Klinische Wochschenschrift 39,
1244-1247.

Shaw NS, Chin CJ & Pan WH (1995) A vegetarian diet rich in
soybean products compromises iron status in young students.
Journal of Nutrition 125, 212-216.

Sheu WH, Hou JC, Jeng CY & Fuh MM (1992) Reproducibility of
the measurement of insulin sensitivity by the modified insulin
suppression test. Journal of the Formosan Medical Association
91, 859-863.

Siconolfi S, Lasater TM, Snow RCK & Carleton RA (1985) Self-
reported physical activity compared with maximal oxygen
uptake. American Journal of Epidemiology 122, 100—105.

Snowdon DA (1988) Animal product consumption and mortality
because of all causes combined, coronary heart disease, stroke,
diabetes, and cancer in Seventh-day Adventists. American
Journal of Clinical Nutrition 48, 739-748.

Snowdon DA & Phillips RL (1985) Does a vegetarian diet reduce
the occurrence of diabetes? American Journal of Public Health
75, 507-512.

Snowdon DA, Phillips RL & Fraser GE (1984) Meat consumption
and fatal ischemic heart disease. Preventive Medicine 13,
490-500.

Thorogood M, Mann J, Appleby P & McPherson K (1994) Risk of
death from cancer and ischaemic heart disease in meat and non-
meat eaters. British Medical Journal 308, 1667—1670.

Tuomainen TP, Nyyssonen K, Salonen R, Tervahauta A, Korpela
H, Lakka T & Salonen JT (1997) Body iron stores are associated
with serum insulin and blood glucose concentrations. Diabetes
Care 20, 426-428.

Van Oost BA, Van den Beld B & van Asbeck S (1983) Monitoring
of intensive phlebotomy therapy in iron overload by serum
ferritin assay. American Journal of Hematology 18, 7—12.

Walters GO, Miller FM & Worwood M (1973) Serum ferritin
concentration and iron stores in normal subjects. Journal of
Clinical Pathology 26, 770-772.

Worthington-Roberts BS, Breskin MW & Monsen ER (1988) Iron
status of pre-menopausal women in a university community and
its relationship to habitual dietary sources of protein. American
Journal of Clinical Nutrition 47, 275-279.

ssaud Aussaniun abpuquied Aq auluo payslignd Lz L00ZNfa/6£01°01/610"10p//:sd1y


https://doi.org/10.1079/BJN2001421

