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Dietary lipid intake influences the level
of cholesterol bound to haemoglobin
in human erythrocytes

Abstract Background Blood
cholesterol levels are affected by
diet and in particular by the type
of fat intake. We originally showed
that a significant but variable
amount of cholesterol is firmly
bound to haemoglobin (Hb)
yielding the Hb-lipid adduct (Hb-
Ch) in erythrocytes isolated from
normo-lipidemic males. Aim of the
study To establish whether die-
tary lipids affect the level of Hb-Ch
in human erythrocytes. Methods
Seventy-four healthy free-living
adults were separated according to
their serum cholesterol levels into
two groups: normo-cholestero-
lemic (LDL cholesterol
<3.4 mmol/l and total cholesterol
<5.2 mmol/l) (NC) and hyper-
cholesterolemic (LDL cholesterol
>3.4 mmol/l) (HC). Habitual die-
tary information was used to
classify subjects in both study
groups into sub-groups of low-fat
(£30% total energy as fat) and
high-fat consumers (>30% total
energy as fat). The NC low-fat
consumers were placed on a high-
lipid (high-fat and high-choles-
terol) diet whereas the HC subjects
with high-fat intake were assigned
to a low-lipid (low-fat and low-
cholesterol) diet. Both types of
dietary intervention were allowed

to continue for 6 weeks. The main
variable under scrutiny was the
Hb-Ch concentration. Results In
both study groups low-fat intake
subjects had low levels of Hb-Ch
(approx. 0.35 mmol/l RBC) com-
pared with high-fat intake subjects
(approx. 0.60 mmol/l RBC), and
serum cholesterol was not corre-
lated with Hb-Ch. The two dietary
interventions produced substan-
tial changes in the Hb-Ch level
that paralleled variation in the
serum cholesterol concentration.
A high-lipid diet (35% fat, 15%
saturated; 580 mg cholesterol)
increased Hb-Ch (by approxi-
mately 47%, P < 0.001) in subjects
with low Hb-Ch at onset, whereas
a low-lipid diet (28% fat, 9%
saturated; 280 mg cholesterol)
decreased Hb-Ch (by approxi-
mately 40%, P < 0.001) in subjects
with high Hb-Ch at onset.
Conclusion High consumption of
dietary lipids, including saturated
fat and cholesterol, has an impor-
tant influence on the level of
Hb-Ch in human erythrocytes.
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cholesterol - saturated fat -
haemoglobin - human erythro-
cytes
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Introduction

In addition to genetic susceptibility the circulating
cholesterol concentration is affected by diet and in
particular by the type of fat intake. Consumption of
saturated fat has been shown to raise blood choles-
terol, whereas consumption of polyunsaturated fat
has the opposite effect [6, 11]. Although published
data concerning the effects of dietary cholesterol are
controversial, carefully controlled metabolic studies
have consistently shown that increased dietary cho-
lesterol intake causes an elevated circulating choles-
terol concentration [2, 7]. High serum cholesterol is a
well-know primary risk factor for coronary heart
disease [3, 28]. For this reason the US National
Cholesterol Education Programme recommends for
the general population that total dietary fat be
reduced to 30% or less and saturated fat intake to 10%
or less of total calories and that daily dietary choles-
terol intake be limited to 300 mg [17, 18]. These
guidelines are consistent with the World Health
Organisation’s dietary recommendations for preven-
tion of chronic diseases [30].

Our previous study involving normo-lipidemic
young males indicated that a significant but variable
amount of cholesterol, associated with phospholipids,
is firmly bound to haemoglobin (Hb) yielding the
Hb-lipid adduct termed Hb-Ch [20]. We postulated
that Hb-Ch represented a new form of cholesterol in
circulation that contributed to the permanent removal
of excess non-esterified cholesterol from the circula-
tion [20]. The present study is formulated to deter-
mine if dietary lipid intake affects the Hb-Ch content
of human erythrocytes.

Materials and methods
Subjects

Study participants were recruited from three sources:
(a) patients from the Department of Nutrition and
Metabolism, Belgrade; (b) volunteers working at
university research laboratories; and (c) undergrad-
uate and PhD students at the Faculty of Chemistry,
University of Belgrade. All participants received a full
medical examination and standard laboratory blood
tests before enrolment. Subjects that had diabetes
mellitus, cardiovascular, liver or renal disease,
uncontrolled hypertension, hypo-thyroidism and
known family lipid disorders (familiar combined
hyperlipidemia or familiar hypercholesterolemia)
were excluded. Individuals admitting to smoking
more than ten cigarettes per day and those with an
alcohol intake of more then 30 g per day were also

excluded from the study. Additional criteria for
admission included: (1) being between 20 and
60 years of age; (2) having a body mass index (BMIL; in
kg/m?) <30 and a percentage of total body fat <35; (3)
fasting plasma glucose <6.1 mmol/], total cholesterol
<7.8 mmol/l and triacylglycerol <1.7 mmol/l. In total
74 free-living adults were selected. All of them had
stable weight during the month prior to the study,
were not on any prescribed medication known to af-
fect lipid metabolism, were not adhering to special
diets and were not regular consumers of nutritional
supplements (except a daily multi-vitamin/mineral
tablet). Participants were either sedentary or moder-
ately active (monitored by a physical activity ques-
tionnaire).

According to their baseline serum cholesterol
concentration, subjects were categorised into two
study groups [18]. A normo-cholesterolemic (NC)
group [low-density lipoprotein (LDL) cholesterol
<3.4 mmol/l and total cholesterol <5.2 mmol/l] con-
sisted of 38 subjects. The other study group contained
36 hyper-cholesterolemic (HC) subjects (LDL choles-
terol >3.4 mmol/l). Fulfilment of these criteria was
based on data obtained from two fasting serum lipid
profiles taken one week apart. According to their
habitual total dietary fat intake, subjects from the two
different study groups were classified either as low-fat
consumers, if their fat intake was 30% or less of en-
ergy intake, or high-fat consumers, if their total fat
intake contributed more then 30% of total calories.

All study participants provided written informed
consent and the whole study was approved by the
ethical review boards of the participating institutions
in accordance with the principles of the Declaration of
Helsinki. The investigation was performed in 2006
during late spring and summer to exclude the sea-
sonal variations in serum lipid [1, 27] and Hb-Ch [20]
concentrations.

Anthropometric variables and body composition

Height was measured while the subjects were wearing
light clothing and no shoes using a standard tape
measure fixed to a wall. The simultaneous measure-
ment of body weight and the percentage of body fat
mass was performed while subjects were barefoot
using a Tanita body composition analyser (Model
TBF-300, Japan). BMI was calculated by dividing the
mass in kg by the square of height in metres (kg/m?).

Dietary assessment method

Information concerning dietary intake was obtained
at the beginning of the study (the habitual diet) and at
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the end of each dietary intervention period (see be-
low) using a semi-quantified food frequency ques-
tionnaire (FFQ). The FFQ contained 142 food items
and beverages commonly consumed in Serbia. Food
items were listed in food groups (milk and dairy
products, meat and fish, meat products, oils and fats,
eggs, cereals and grain products, fruits and vegetables,
nuts, “fast food”, canned products and beverages).
For each food item the following information was
recorded: (a) frequency of consumption as number of
times per week (1-7), 1-3 times per month or never
and (b) number of daily portions eaten (slices, units
or standard servings) with estimated quantities. A
nutritionist, for accuracy and completeness, checked
all the completed questionnaires. The consumption
frequency was transformed into average daily values
for the calculation in grams of each food product or
food group. Nutrient calculations were performed
using US Department of Agriculture food-composi-
tion tables [29] or Serbian food-composition tables
[9] for certain local foodstuffs.

Dietary interventions

Twenty-four HC subjects with a reported high-fat
intake were placed on a low-lipid (low-fat and low-
cholesterol) diet for 6 weeks. The main goal of the
dietary intervention was to restrict both dietary total
fat and daily cholesterol intake. The recommended
energy intake was the participant’s calculated energy
intake for weight maintenance. Food that was
encouraged during the low-lipid diet included lean
meat, fat-free (skimmed) milk and low-fat dairy
products, whole grain/high-fibre food, fruit and veg-
etables. Fish was recommended as a main meal once
or twice a week. Restricted food included high-fat
meat and dairy products, eggs, fried food, creamed
sauces, high-fat pastries and sweets. Over the course
of the low-lipid diet three participants left the study,
for reasons not related to the study.

Sixteen NC subjects assigned as low-fat consumers
were placed on a high-lipid (high-fat and high-cho-
lesterol) diet for 6 weeks. There were no restrictions
on the type of fat or the cholesterol level in the dietary
intake. Food types encouraged during the high-lipid
diet period included meat (poultry, beef and pork)
and high-fat meat products, whole dairy products,
eggs, butter, various nuts and moderate amounts of
fruits and vegetables. All subjects from this group
completed the diet.

Study participants from both diet groups attended
initial individual one-hour teaching sessions led by
experts in nutritional counselling. The counselling
varied with each participant’s unique needs but often
included help with the fat and cholesterol content of

food items, types of fat and food preparation. Rec-
ommendations for food choices were given during
these sessions. Subjects were instructed to select only
commercially available food products and were
encouraged to maintain their regular physical activity
and lifestyle during the diets. Counselling attempted
to resolve any problems encountered in meeting the
dietary goals was reinforced at regular intervals
throughout the intervention period. All participants
found that modifying their fat intake was easy and did
not report any symptomatic adverse effects. The
dietary interventions took place between July and
September 2006 to minimise seasonal effects and
academic stress.

Blood sampling and analytical determinations

Blood samples were obtained in the morning after an
overnight (>12 h) fast. Venous blood was collected
into tubes containing EDTA (1 g/l) or no anticoagu-
lant. Serum and plasma were separated by centrifu-
gation at 1500 X g for 15 min within 1h. All
measurements described below were carried out in
duplicate using fresh serum or erythrocyte lysates.

The serum concentrations of glucose, triacylglyc-
erol and total cholesterol were measured using enzy-
matic kits (EliTech Diagnostic, Sées, France). Serum
high-density lipoprotein (HDL) cholesterol was mea-
sured in the supernatant following the precipitation of
apoB-containing lipoproteins with phosphotungstic
acid and magnesium chloride [16]. The intra- and
inter-assay coefficients of variation of the methods
were less than 4% and less than 8%, respectively. LDL
cholesterol was calculated using the Friedewald
equation [5]. After removing the plasma and buffy
coat, erythrocytes were washed three times with iso-
tonic saline. The content of total red blood cell (RBC)
cholesterol and Hb-Ch was determined as previously
described [20].

Statistical analysis

Results are presented as mean + standard deviation
(SD). Data sets indicated normal distributions. Paired
and un-paired comparisons were made using the
Student’s t test. Linear regression analysis was per-
formed to evaluate the strength of association be-
tween two variables. Differences were considered
significant at a P value < 0.05.

Results

The baseline characteristics of the participants are
presented in Table 1.
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Table 1 Baseline characteristics of the normo-cholesterolemic (NC) and hyper-
cholesterolemic (HC) study subjects

Characteristic NC group HC group
Number of individuals 38 36
Male 21 20
Female 17 16
Age (years)* 31+7 45 + 9
Body mass index (kg/m?)* 242 +22 27.0 £ 2.7°
Body fat (%)* 226 + 4.1 263 + 433
Serum (mmol/l)*
Fasting glucose 467 + 034 478 + 043
Triacylglycerol 0.96 + 0.25 1.16 + 0.30'
Total cholesterol 478 + 0.28 6.43 + 0.62°
LDL cholesterol 3.08 + 0.24 464 £ 058
HDL cholesterol 1.26 + 0.07 1.26 + 0.10
RBC lipids (mmol/I RBC)*
Total cholesterol 3.00 £ 030 3.08 £ 0.28
Hb-cholesterol 0.52 £ 0.23 0.55 £ 0.20

Values are given as mean = SD
*Significantly different from the NC group: 'P < 0.05, 2P < 0.01 and
3P < 0.001 (Student's t-test)

The NC and HC study groups contained an unbi-
ased gender distribution. NC subjects were much
younger and both their BMI and body fat percentage
were significantly lower (P < 0.001, for all compari-
sons). There were an equivalent number of smokers
in each group and only a minority of subjects re-
ported moderate physical exercise (data not shown).
Fasting serum glucose concentration was normal in
all subjects. Differences in the total cholesterol
(P < 0.001) and LDL cholesterol (P < 0.001) between
the two study groups were evident. However, identical
HDL cholesterol concentrations were found. The dif-

ference in the triacylglycerol concentration between
the groups was also statistically significant (P < 0.05).

There was no significant difference in both the
mean total RBC cholesterol and Hb-Ch concentration
between the two study groups.

Habitual dietary information was used to classify
participants from both study groups into sub-groups
of low-fat and high-fat consumers (Table 2).

Total dietary fat intake greater than 30% of total
calories (high-fat consumers) was observed among
most participants (58% in the NC group and 67% in
the HC group). The mean contribution of saturated
fat to total energy supply was greater than 10% for all
sub-groups. Subjects classified as high-fat consumers,
from both study groups, consumed significantly less
carbohydrate (P < 0.001) but significantly more total
fat (P < 0.001), saturated fat (P < 0.01), monounsat-
urated fat (P < 0.01), polyunsaturated fat (P < 0.05)
and more dietary cholesterol (P < 0.001) than low-fat
consumers. In contrast, the reported average daily
caloric intake as well as intake of protein and dietary
fibre was similar (Table 2). Even in subjects with a
customary total dietary fat intake of 30% or less of
total calories (low-fat consumers) the average daily
consumption of dietary cholesterol exceeded 300 mg.

No significant differences in serum lipids were
observed between NC subjects with different habitual
fat intakes (Table 2). HC high-fat consumers,
however, had significantly higher total and LDL cho-
lesterol (P < 0.01, for both comparisons) and triac-
ylglycerol (P < 0.05) concentrations than HC low-fat
consumers. Inter-study group comparisons revealed
that the mean Hb-Ch concentration was much higher

Table 2 Characteristics of habitual

dietary intake, baseline serum and Characteristic

NC group

HC group

RBC lipid values of the study subjects

Low-fat consumers

High-fat consumers Low-fat consumers High-fat consumers

Number of individuals 22 12 24
Nutrition intake*
Energy (kcal/day) 2280 + 295 2350 + 325 2410 + 195 2480 + 310
Protein (% of energy) 183 £ 1.7 184 £ 1.9 184 £ 15 18.1 £ 2.0
Carbohydrate (% of energy) 547 + 2.6 478 + 3.4° 532 + 23 479 + 2.5°
Total fat (% of energy) 27.0 £ 19 338 + 223 284 £ 1.2 340 + 1.9°
Saturated fat 104 + 1.2 134 + 152 10.8 + 0.9 129 + 132
Monounsaturated fat 112 + 1.1 145 + 1.5 123 + 1.1 152 + 132
Polyunsaturated fat 54+ 0.5 59 + 0.6’ 53 + 0.4 59 + 0.7
Cholesterol (mg/day) 345 + 100 497 + 125° 365 + 90 531 + 108°
Dietary fibre (g/day) 192 + 3.8 18.6 + 2.9 18.8 + 2.5 18.0 + 3.4
Serum lipids (mmol/I)*
Triacylglycerol 0.96 + 0.26 0.97 + 0.24 1.02 + 0.25 1.24 + 032"
Total cholesterol 471 + 031 486 + 024 6.02 + 0.26 6.65 + 0.65>
LDL cholesterol 3.03 + 031 3.14 + 017 432 + 033 482 + 0.62
HDL cholesterol 1.24 + 0.08 1.28 + 0.06 1.24 + 0.06 127 £ 0.11
RBC lipids (mmol/l RBC)*
Total cholesterol 2.86 + 0.26 3.08 + 0.33' 2.90 + 0.29 3.16 + 0.35
Hb-Cholesterol 0.35 + 0.07 062 + 0.11° 0.37 + 0.09 0.64 + 0.123

Values are given as mean + SD

*Significantly different from low-fat consumers: 'P < 0.05, 2P < 0.01 and 3P < 0.001 (Student’s t-test)
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(P <0.001) in high-fat dietary consumers when
compared with low-fat consumers (0.62 mmol/l RBC
vs. 0.35 mmol/l RBC in the NC group and 0.64 mmol/l
RBC vs. 0.37 mmol/l RBC in the HC group, respec-
tively). Significantly higher total RBC cholesterol
levels in sub-groups of high-fat consumers corre-
sponded entirely to the increase in Hb-Ch content
(Table 2). The highest concentrations of Hb-Ch
(approximately 0.8 mmol/l RBC) were found in indi-
viduals with the highest reported intake of both sat-
urated fat (approximately 17% of total calories) and
daily cholesterol (approximately 700 mg).

Given the wide spectrum of values within study
groups, we explored inter-relationships among the
various lipid parameters by linear regression analysis.

Within either the NC or the HC group and both
low-fat consumer sub-groups the Hb-Ch level failed
to correlate significantly with habitual fat and cho-
lesterol intake (data not shown). A relationship was
found between Hb-Ch concentration and the habitual
dietary lipid intake values in sub-groups of high-fat
consumers. There were significant (P < 0.05, for all
comparisons) correlations between Hb-Ch and the
total fat (r = 0.42), saturated fat (r = 0.46) and dietary
cholesterol (r = 0.49) intake of NC high-fat consum-
ers (n = 22). In the HC high-fat consumers (n = 24)
Hb-Ch was only correlated with the habitual intake of
saturated fat (r = 0.48, P < 0.05) and dietary choles-
terol (r = 0.53, P < 0.01).

To further investigate if dietary lipid intake was
associated with the level of Hb-Ch in human eryth-
rocytes, we examined the effect of two six-week die-
tary interventions with different fat and cholesterol
content.

HC subjects with a reported high-fat dietary intake
were placed on a low-lipid (low-fat and low-choles-
terol) diet. The average calorie intake in the low-lipid
diet group was approximately distributed as 54%
carbohydrate, 18% protein and 28% fat (9% satu-
rated) with a daily cholesterol intake of 280 mg. NC
subjects assigned as low-fat consumers were placed
on a high-lipid (high-fat and high-cholesterol) diet.
The daily total calories of the high-lipid diet group
were distributed approximately as 46% carbohydrate,
19% protein and 35% fat (15% saturated). The mean
cholesterol content was 580 mg per day. Accordingly,
the intake of several nutrients was significantly altered
by the diets (Table 3).

During the low-lipid dietary intervention the HC
high-fat consumers mainly reduced their saturated fat
and daily cholesterol intake by 32 and 44%, respec-
tively (P < 0.001). The largest dietary change for NC
low-fat consumers during the high-lipid diet was a
substantial increase (P < 0.001) in their saturated fat
(by 40%) and cholesterol (by 68%) intake. The
modifications in the total dietary fat intake resulted in

127
Table 3 Calculated composition of the study intervention diets*
Variable NC group (n = 16) HC group (n = 21)
High-lipid  Percentage Low-lipid  Percentage
diet change  diet change

2325 + 225 —6.4
177 £12 =22
543 + 3.6 +13.4%
280 £ 27 —176°

88 + 07 —31.8°
124 + 1.4 —19.7°

Energy (kcal/day) 2480 + 265 +8.8'
Protein (% of energy) 190+ 1.5 +37
Carbohydrate (% of energy) 46.1 + 3.3 —15.7
Total fat (% of energy) 349 + 3.0 +29.2°
Saturated fat 146 + 13 +404°
Monounsaturated fat 145 £ 15 +29.5°

Polyunsaturated fat 68 07 +74' 58 + 0.7 +15.2°
Cholesterol (mg/day) 580 £ 145 +68.1° 280 £ 60 —43.7°
Dietary fibre (g/day) 188 £3.0 -2.1 204 + 2.8 +13.3

Values are given as mean * SD
*From respective habitual diet: P < 0.05, 2P < 0.01 and 3P < 0.001 (Paired
student’s t-test)

concomitant changes in total energy intake. However,
mean body weight and the percentage of body fat did
not significantly alter after both intervention diets
(data not shown).

The mean changes in serum lipid and RBC cho-
lesterol concentrations after both diets are summa-
rised in Table 4.

Compared with the corresponding baseline con-
centrations, overall total cholesterol was 7% lower
(P < 0.01) after consumption of the low-lipid diet but
4% higher (P < 0.05) after the high-lipid diet. The
calculated LDL cholesterol concentration followed the
same pattern [—8% and +5%, respectively (P < 0.01)].
Although not significant, there was a trend for the
triacyglycerol concentration to be higher in subjects
after consuming both diets. The HDL cholesterol
concentration was not significantly affected by the
diets. In sharp contrast, the Hb-Ch level dramatically
changed in response to alterations in dietary lipid
intake. The low-lipid diet reduced the Hb-Ch con-
centration in HC high-fat consumers by approxi-
mately 40% [from 0.64 * 0.12 mmol/l RBC to

Table 4 Serum and RBC lipid values after six weeks of the intervention diets*

Variable NC group (n = 16) HC group (n = 21)
High-lipid Percentage  Low-lipid Percentage
diet change diet change

Serum lipids (mmol/l)
Triacylglycerol
Total cholesterol

0.99 + 0.27 +3.2
490 + 033 +40
LDL cholesterol ~ 3.18 + 031  +4.97
HDL cholesterol  1.26 £ 0.06  +1.4
RBC lipids (mmol/I RBC)
Total cholesterol  3.01 £ 029  +5.4
Hb-cholesterol 0.52 + 009 +47.4°

127 £ 030  +23
620 £ 026 —6.8'
447 £ 059 —7.3?
125 £ 005 —17

-7.2°
-39.2°

293 =030
0.39 £ 0.10

Values are given as mean = SD
*From respective baseline values: 'P < 0.05, 2P < 0.01 and 3P < 0.001 (Paired
student’s t-test)
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0.39 + 0.10 mmol/l RBC (P < 0.001)]. The Hb-Ch
concentration increased by approximately 47% [from
0.35 + 0.07 mmol/l RBC to 0.52 + 0.09 mmol/l1 RBC
(P < 0.001)] in NC subjects that consumed the high-
fat, high cholesterol diet.

Discussion

The objective of the current study was to assess the
influence of dietary lipids (total fat, saturated fat and
cholesterol) on the level of Hb-Ch in human erythro-
cytes isolated from normo-cholesterolemic and hyper-
cholesterolemic subjects. We found greater Hb-Ch
levels in both NC and HC subjects with higher habitual
total fat, saturated fat and cholesterol intake compared
with subjects with a lower daily consumption of these
dietary lipids. The two diets, at opposite ends of the
usual clinical spectrum (“pro-atherogenic” high-lipid
diet and “anti-atherogenic” low-lipid diet), produced
substantial changes in the Hb-Ch level that paralleled
variation in the serum cholesterol concentration.

Various methods are commonly used to collect
information regarding nutrition. The purpose of any
given study defines the level of precision that is nee-
ded from dietary intake measurements in order
to meet the study objectives [25]. The formation of
Hb-Ch and exchange of Hb-Ch lipids with plasma
lipoproteins are both very complex and relatively slow
processes [20, 21]. Therefore, we used semi-quanti-
tative FFQ, as it is one of the most practical dietary
assessment methods covering food intake over a
long(er) period of time [25]. The habitual dietary
patterns of study participants were compared with
respect to their energy intake, macronutrients, dietary
fibre and cholesterol. In both study groups we found
large disparities between the prevailing and the
international recommended dietary intake values. The
high intake of saturated fat was largely a consequence
of high consumption of animal fats by our subjects.
The high daily cholesterol intake, notably in the sub-
groups of high-fat consumers, seemed to be related to
a high consumption of eggs (a major source of dietary
cholesterol). Our findings are in agreement with
published data that considered local patterns of food
consumption [13, 24]. The consequence of such eating
patterns, high in saturated fat and cholesterol and
relatively low in polyunsaturated fat and dietary fibre,
is a high prevalence of nutrition-related health risks
in the adult Serbian population [15, 23].

The quantity of dietary lipids ingested, rather
than the serum cholesterol concentration, seems to
influence the amount of Hb-Ch found in human
erythrocytes. Subjects with different serum choles-
terol concentrations (NC vs. HC group) did not
differ with respect to their Hb-Ch levels. The

marked age difference between the two study groups
seemed irrelevant: fasting LDL cholesterol as well as
triacylglycerol concentrations increase significantly
with age [26]. When we compared the Hb-Ch levels
in subjects stratified on the basis of total daily fat
consumption (low- vs. high-fat consumers) we
found that the Hb-Ch levels were consistently higher
in subjects with increased total fat intake. Dietary
saturated fat and cholesterol appeared to be
important factors that influenced the level of Hb-Ch.
The highest individual levels of Hb-Ch were found
in individuals with the highest reported intake of
both saturated fat and cholesterol. In addition, we
found a positive correlation between the Hb-Ch le-
vel and the intake of both saturated fat and cho-
lesterol in both high-fat consumer sub-groups.
Moreover, we found a negligible amount of Hb-Ch
in individuals preferring a vegetarian-style diet that
provided less than 5% of energy as saturated fat and
less than 100 mg of daily cholesterol intake (our
unpublished results).

Dietary fat restriction lowers total and LDL choles-
terol concentrations. However, low-fat diets also de-
crease HDL cholesterol and may increase serum
triacylglycerol [10]. Overall triacylglycerol increased
and HDL cholesterol decreased from the pre-inter-
vention concentrations in this study population but the
differences were not significant. A reduction in total fat
and particularly saturated fat intake is mainly the
consequence of a lower intake of high-fat meat and
dairy products. A substantial reduction in the intake of
both animal fat and eggs also decreases the intake of
dietary cholesterol. Many high saturated fat content
foodstuffs are also sources of dietary cholesterol.
Therefore, the marked decrease in the level of Hb-Ch in
the sub-group of HC high-fat consumers after the low-
lipid diet may be a reflection of its association with
lower intakes of both saturated fat and cholesterol.
Indeed, a switch from a habitual diet relatively low in
dietary lipids to the high fat, high cholesterol diet
produced almost a two-fold increase in the Hb-Ch level.
Perhaps the biggest concern regarding high-lipid based
diets is their association with increased risk of coronary
heart disease [14]. The high-fat and high cholesterol
dietary intervention during six weeks resulted in only a
modest increase in serum cholesterol concentration in
the sub-group of NC low-fat consumers.

The serum cholesterol response to dietary fat, and
especially to dietary cholesterol, is highly variable
among individuals within studied populations [4, 8].
Our results indicate high responsiveness of the Hb-Ch
level to changes in dietary lipid intake over a relatively
short period of time. Whether or not Hb-Ch represents
a useful additional parameter for the assessment of
nutrient intake of lipid (saturated fat and cholesterol in
particular) remains to be established.
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In summary, our study tested the overall influence
of dietary lipids on the Hb-Ch level in human eryth-
rocytes of free-living adult subjects. As such it was not
designed to decipher the contribution of individual
lipids (e.g. saturated fat or cholesterol) on the Hb-Ch
level. This could be accomplished by employing more
strictly controlled dietary studies in order to delve
deeper into our observed phenomena. Epidemiologi-
cal data consistently show that populations with high-
fat diets have increased incidence of coronary heart
disease [12]. Our results indicate that typical Wes-
tern-style diets, rich in saturated fat and cholesterol
and relatively low in polyunsaturated fat and dietary
fibre, are associated with the accumulation of cho-
lesterol in the interior of erythrocytes. The majority of
the cholesterol released from Hb-Ch appears in the
plasma HDL fraction in vitro, suggesting that Hb-Ch
may play a role in reverse cholesterol transport in
vivo [21]. Collectively, the results indicate that human
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