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Abstract

Background: The fatty acid (FA) composition of serum lipids is related to the quality of dietary fat intake.

Objective: To investigate the effects of a healthy Nordic diet (ND) on the FA composition of serum cholesterol

esters (CE-FA) and assess the associations between changes in the serum CE-FA composition and blood

lipoproteins during a controlled dietary intervention.

Design: The NORDIET trial was a 6-week randomised, controlled, parallel-group dietary intervention study

that included 86 adults (5398 years) with elevated low-density lipoprotein cholesterol (LDL-C). Serum

CE-FA composition was measured using gas chromatography. Diet history interviews were conducted, and

daily intake was assessed using checklists.

Results: Food and nutrient intake data indicated that there was a reduction in the intake of fat from dairy

and meat products and an increase in the consumption of fatty fish with the ND. The levels of saturated

fatty acids in cholesterol esters (CE-SFA) 14:0, 15:0, and 18:0, but not 16:0, showed a significant decrease

after intake of ND compared to the control diet (pB0.01). Also, a significant increase in serum 22:6n � 3 was

observed compared with the control diet (pB0.01). The changes in CE-SFA 14:0, 15:0, and 18:0 correlated

positively with changes in LDL-C, HDL-C, LDL-C/HDL-C, ApoA1, and ApoB (pB0.01), respectively,

whereas the changes in polyunsaturated fatty acids in cholesterol esters (CE-PUFA) 22:6n � 3 were negatively

correlated with changes in the corresponding serum lipids.

Conclusions: The decreased intake of saturated fat and increased intake of n-3 PUFA in a healthy ND is

partly reflected by changes in the serum CE-FA composition, which are associated with an improved serum

lipoprotein pattern.
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T
he quality of dietary fat is recognised as an

important factor affecting blood lipids. In the

NORDIET study (in which the experimental diet

was mainly based on healthy traditional Nordic foods),

an improved blood lipid profile in hypercholesterolemic

subjects was reported (1). Compared to a Swedish refer-

ence population, the intake of dairy and meat prod-

ucts was reduced and the intake of fish, eggs, and vegetable

fat and oil was increased (2) among the participants

randomly assigned to this healthy Nordic diet (ND).

The fatty acid (FA) composition of serum lipids is

known to partially reflect the dietary FA intake over the

preceding days and weeks (3), but the FA composition is

also influenced by de novo lipogenesis and the endogenous

elongation and desaturation of FAs (4, 5). In general,

the essential dietary polyunsaturated fatty acids (PUFA)

18:2n � 6 (linoleic acid) and 18:3n � 3 (a-linolenic) of plant

origin and the long-chain n-3 FAs 20:5n � 3 (eicosapen-

taenoic acid) and 22:6n � 3 (docosahexaenoic acid) of

marine origin are good biomarkers of their intake (6).

Saturated fatty acids (SFA) with even carbon chain numbers,

such as 14:0 (myristic acid), 16:0 (palmitic acid), and 18:0

(stearic acid), are weaker biomarkers of intake, partly due

to their de novo lipogenesis. Stearoyl-CoA desaturase-1

(SCD-1) is an enzyme that converts SFA, that is, 16:0

and 18:0, to their monounsaturated fatty acid (MUFA)

counterparts, that is, 16:1 (palmitoleic acid) and 18:1 (oleic

acid), respectively, especially when the exposure to SFA
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is high. Two SFA with odd carbon numbers, 15:0 (pen-

tadecanoic acid) and 17:0 (heptadecanoic acid), are good

biomarkers of milk fat intake, as they cannot be synthe-

sised in the human body (5).

The aim of this study was to investigate the effects of a

healthy ND on the FA composition of serum cholesterol

esters (CE-FA) and to investigate associations between

the changes in serum CE-FA composition during the in-

tervention and changes in the blood lipoproteins that are

relevant to cardiovascular risk.

Methods

The NORDIET trial was a 6-week randomised, con-

trolled, parallel-group dietary intervention study that

examined free-living subjects (n�88). All subjects fol-

lowed a 3-week rotating menu plan where all meals were

provided. The study design and the participants are

described in detail elsewhere (1). In summary, the partici-

pants were healthy men and women between 25 and 65

years of age (mean, 5398 years), with plasma low-density

lipoprotein cholesterol (LDL-C) ]3.5 mmol L�1 and

body mass index ]20 and 531 kg m2. Diet history

interviews were performed to assess the participants’

intake of total dietary fat and FAs at baseline. At 6 weeks,

a second diet history interview was completed for the

control diet group, and compliance to the ND was eval-

uated from daily ND checklists (1). The intake of dietary

fat and individual FAs at baseline and after 6 weeks in

the control diet group and the ND group is presented

as the mean9SD relative percentage of total energy intake.

The CE-FA composition was measured at baseline and

after 6 weeks in all subjects and then determined using gas-

liquid chromatography as previously described (7). The

proportions of the individual CE-FAs are expressed as the

percentage of the total CE-FAs analysed. The activity of

SCD-1 was estimated by calculating the ratio between

CE-16:1 and CE-16:0 (8). The plasma high-density lipo-

protein (HDL-C) concentration was measured using the

enzymatic peroxidase reaction with a Roche Diagnostics

Ltd. Cobas† 6000 (c501module). Plasma LDL-C was

calculated according to the Friedewald formula (9), and

apolipoprotein A1 (ApoA1) and ApoB were determined

using an immunoturbidimetric method (10). All subjects

gave informed consent, and the study was approved by the

Regional Ethical Board at Uppsala University.

Statistical analyses

Distributions of all variables were examined by visual

inspection of histograms and after such inspection were

considered to be normally distributed. Statistical analyses

were based on per-protocol analysis. Comparisons between

the control diet group and the ND group with respect to

the changes observed during the intervention period were

performed using Student’s two-sample t-test. Changes

within groups were analysed using Student’s paired-

sample t-test. Pearson correlation coefficients were calcu-

lated from the combined data of the ND and control diet

groups, only on those CE-FAs that were significantly

different between groups. All p-values were unadjusted.

To avoid type I errors due to the large number of analyses

performed, only p-values less than 0.01 were considered

statistically significant. Statistical analyses were performed

using SPSS.

Results

Of the 88 subjects randomly assigned to the two diets in

the NORDIET study, two subjects were lost to follow-

up providing 86 subjects for analysis. In the ND group,

the total dietary SFA intake and the intake of 14:0,

16:0, and 18:0 decreased from baseline to the end of the

study and was about one third that of baseline (Table 1).

Table 1 also indicates a significant but minor relative de-

crease in dietary MUFA intake and a significant relative

increase in total dietary PUFA. According to the intake

of individual FAs, there was a significant but slight de-

crease in 18:2n � 6 and an increase in 18:3n � 3 (Table 1).

With respect to serum CE-FA, there were significant

differences between the two groups in the changes from

baseline to 6 weeks (pB0.01) in 14:0, 15:0, 18:0 and

22:6n � 3 (Table 2). Otherwise, no differences between

groups were observed.

Table 3 shows the correlations between the changes in

CE-FA and blood lipids during the intervention period.

The changes in saturated fatty acids in cholesterol esters

(CE-SFA) 14:0 were positively correlated with the changes

in LDL-C, HDL-C, LDL-C/HDL-C, ApoA1, and ApoB

(pB0.01), whereas the changes in the marker of dairy

fat intake, 15:0, were positively associated with the changes

in LDL-C and ApoB. CE-SFA 18:0 showed correspond-

ing correlations with LDL-C, LDL-C/HDL-C, and ApoB.

Polyunsaturated fatty acids in CE (CE-PUFA) 22:6n � 3

was negatively correlated with LDL-C, HDL-C, ApoA1,

and ApoB but not with ApoB/ApoA1. The SCD-1 index

was positively correlated with serum blood lipids, but

the correlations were generally weaker than those of SFA

(data not shown).

Discussion

The major observation in this sub-study of the controlled

NORDIET trial was that compared with the control diet,

the healthy ND reduced serum CE-SFAs, including 14:0,

15:0, and 18:0, and increased CE-PUFA 22:6n � 3, and

that these changes were correlated with changes in blood

lipoproteins. These results reflect concurrent decreases

in the total dietary SFA intake by two thirds as well as

a moderate increase in dietary PUFAs during ND.

The decreased dietary SFA after intake of ND that

caused a significant relative decrease in CE-SFAs 14:0,

15:0, and 18:0 was presumably related to a change in the
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intake of dairy and meat products (2). Despite the

reported decreased intake of total SFA and 16:0 after

intake of ND, the proportion of, 16:0, the major dietary

SFA in the diet did not change in the serum CE. During

controlled feeding trials involving reduced SFA intake

by substitution for PUFAs or MUFAs, CE-16:0 usually

decreases significantly, with a concomitant reduction in

the SCD-1 index (16:1/16:0) (11�13). Indeed, the SCD-1

index appears to be a reasonable marker of SFA intake,

perhaps reflecting reduced dietary 16:0 even better than

changes in serum CE-16:0, which seem to be rather tightly

regulated (8). The absence of a reduction in serum CE-

16:0 despite the decreased intake in the present study

might be explained by the inhibition of SCD-1 activity by

ND, as indicated by a decrease in the estimated SCD-1

index by 10% at 6 weeks after initiating the ND. This

decreased SCD-1 activity may in turn be secondary to the

increased intake of PUFAs (8), which inhibit the activity

of SCD-1, and/or to the reduced SFA intake (11, 12).

Finally, reduced elongase activity, that is, the conversion

of 16:0 to 18:0, might also have contributed to the lack

of a reduction in serum 16:0.

There were no significant changes in the serum MUFAs,

which is to be expected because these FAs are weak bio-

markers of the MUFA intake. Moreover, in the traditional

Swedish diet, dietary MUFAs are mainly derived from

foods containing SFAs (14). Therefore, the decreased

intake of dietary MUFAs in the ND group may reflect a

decreased consumption of dairy and meat products rather

than being related to changes in the consumption of plant

oils such as rapeseed oil.

The relative increase in dietary PUFA intake was only

reflected in a significant but moderately increased CE-

22:6n � 3 and can probably be ascribed to an increased

dietary intake of marine n-3 PUFAs from fatty fish.

An increase in PUFA 22:6n � 3 in serum phospholipids

was observed in a 24-week study of an ND (15). However,

the relatively higher intake of dietary PUFAs in the ND

was not reflected in the CE-PUFAs 18:2n � 6 or 18:3n � 3

in the current study. This observation might be explained

by a rather moderate increase in the consumption of

margarine and rapeseed oil, known to be rich in 18:2n � 6

and 18:3n � 3, respectively. The finding is also in line

with the previously mentioned study on a healthy ND (15).

However, this result stands in contrast to reports from

strictly controlled feeding studies that involved replacing

SFAs (mainly from high-fat dairy) with rapeseed oil, lead-

ing to increases in 18:2n � 6 and 18:3n � 3 in serum CE-

FAs (11) and serum phospholipids (11, 16), respectively.

Dietary SFA 14:0 is known to raise LDL-C, ApoB,

and even HDL-C (17). Similar findings were reached in

the present study, as 14:0 was the sole CE-SFA associated

with HDL-C and ApoA1 in addition to its association

with LDL-C and ApoB. Despite its positive correla-

tion with HDL-C and ApoA1, it should be noted that

CE-SFA 14:0 was still directly linked to an increased

Table 1. Intake of total fat and fatty acids at baseline and after 6 weeks in the control diet group and the Nordic diet group, presented as a

percentage of total energy intake (E%)

Control diet group Nordic diet group

Baselinea

n�42

6 weeksa

n�42 pb

Baselinea

n�44

6 weeks

n�44c pb

Total fatd 3494.9 3495.0 0.20 3495.0 2790.9 B0.01

Saturated fatty acidsd 1393.0 1393.0 0.40 1493.1 5.290.4 B0.01

14:0 (myristic acid) 1.390.6 1.490.6 n.s. 2.091.0 0.390.0 B0.01

16:0 (palmitic acid) 6.892.2 6.892.2 n.s. 9.493.8 2.990.4 B0.01

18:0 (stearic acid) 2.890.9 2.890.9 n.s. 3.891.6 0.990.1 B0.01

Monounsaturated fatty acidsd 1292.3 1292.3 0.32 1292.1 1190.5 B0.01

16:1 (palmitoleic acid) 0.690.2 0.690.2 n.s. 0.790.2 0.390.0 B0.01

18:1 (oleic acid) 11.093.6 11.193.6 n.s. 13.994.7 9.691.1 B0.01

Polyunsaturated fatty acidsd 5.691.7 5.691.7 0.07 4.991.1 6.390.3 B0.01

18:2n � 6 (linoleic acid) 4.492.2 4.492.2 n.s. 4.691.5 3.790.5 B0.01

18:3n � 3 (a-linolenic) 0.890.5 0.890.5 n.s. 0.890.3 1.690.2 B0.01

20:5n � 3 (eicosapentaenoic acid) 0.190.1 0.190.1 n.s. 0.190.1 (0.1790.14e) 0.190.0 (0.2490.05e) B0.01

22:6n � 3 (docosahexaenoic acid) 0.290.1 0.290.1 n.s. 0.290.1 (0.4190.3e) 0.290.0 (0.5190.09e) 0.027

Data are presented as mean9SD.
aAssessed from dietary history interviews.
bDifference within the group using paired sample t-test.
cAssessed using a daily study check-list.
dThese data have been previously reported (1).
eIntake presented as gram.
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Table 2. Fatty acid composition in serum cholesterol esters (CE-FA) at baseline and after 6 weeks in the control diet group and the Nordic diet (ND) group

Control diet group (n�42) Nordic diet group (n�44)

Baseline 6 weeks Change p for changea Baseline 6 weeks Change p for changea pb

CE-SFA

14:0 (myristic acid) 0.80590.202 0.92590.269 0.12190.170 B0.01 0.84490.168 0.61390.178 �0.23190.208 B0.01 B0.01

15:0 (pentadecanoic acid) 0.19890.039 0.20390.046 0.00590.025 n.s. 0.19290.030 0.16890.029 �0.02490.025 B0.01 B0.01

16:0 (palmitic acid) 11.1090.69 11.3490.64 0.2490.44 B0.01 11.1390.62 11.3090.52 0.1790.62 n.s. n.s.

18:0 (stearic acid) 0.81490.126 0.83390.156 0.02090.145 n.s. 0.79790.130 0.68890.202 �0.10990.230 B0.01 B0.01

CE-MUFA

16:1 (palmitoleic acid) 2.7890.84 2.9490.95 0.1590.52 n.s. 3.0790.87 2.8990.86 �0.1890.70 n.s. n.s.

18:1 (oleic acid) 21.1191.41 21.4591.55 0.3491.16 n.s. 21.4091.60 21.1291.61 �0.2891.22 n.s. n.s.

CE-PUFA

18:2n � 6 (linoleic acid) 51.0193.65 49.1193.83 �1.9092.68 B0.01 50.9492.85 50.1193.24 �0.8392.88 n.s. n.s.

18:3n � 3 (a-linolenic) 0.91190.180 0.92490.257 0.01390.202 n.s. 0.88690.186 0.92790.219 0.04090.202 n.s. n.s.

20:5n � 3 (eicosapentaenoic acid) 2.1590.97 2.8591.11 0.7090.99 B0.01 1.7290.56 2.6390.95 0.9190.92 B0.01 n.s.

22:6n � 3 (docosahexaenoic acid) 0.9590.17 1.0590.22 0.0990.15 B0.01 0.8390.23 1.1490.23 0.3190.22 B0.01 B0.01

Desaturase and elongase indices

SCD-1 activtyc 0.24990.068 0.25890.077 0.00890.042 n.s. 0.27790.081 0.25690.076 �0.02190.061 n.s. B0.01

Elongase activityd 0.07390.011 0.07490.013 0.00090.013 n.s. 0.07290.011 0.06190.017 �0.01190.019 B0.01 B0.01

D6D activitye 0.01590.007 0.01690.007 0.00190.001 B0.01 0.01790.005 0.01890.005 0.00090.001 n.s. n.s.

D5D activityf 9.3791.97 9.3792.13 0.0091.35 n.s. 8.9692.16 10.4892.68 1.5291.81 B0.01 B0.01

FAs are presented as a relative percentage of FAs analysed. Data are presented as mean9SD.

CE-SFA, saturated fatty acids in cholesterol esters; CE-MUFA, monounsaturated fatty acids in CE; CE-PUFA, polyunsaturated fatty acids in CE.
ap�Difference in change in fatty acid (FA) composition in CE (CE-FA) from baseline to 6 weeks after the control diet and the ND within group.
bp�Difference in change in CE-FA composition from baseline to 6 weeks after the control diet and the ND between groups.
cSCD-1, stearoyl-CoA desaturase-1 (16:1n � 7/16:0).
dEstimated elongase activity (18:0/16:0).
eD6D, estimated delta-6 desaturase activity (18:3n � 3/18:2n � 6).
fD5D, estimated delta-5 desaturase activity (20:4n � 6/20:3n � 6).
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LDL-C/HDL-C ratio, suggesting an overall unfavourable

effect on blood lipids. Both CE-SFA 15:0 and 18:0 were

directly correlated with LDL-C and ApoB but not with

changes in HDL-C and ApoA1. However, the negative

correlation between CE-PUFA 22:6n � 3 and LDL-C is

not supported by controlled studies that have investigated

the effects of fish oil supplementation on LDL-C con-

centrations (18). On the contrary, high doses of DHA

alone from dietary supplements have been shown to

increase HDL-C levels (19). Thus, the current correlations

between DHA, LDL, and HDL should be interpreted

cautiously and warrant further investigation. It should

be noted that these associations persisted after making

an adjustment for weight changes, in line with the weight-

independent effects on blood lipids previously reported

from this and other studies (15).

There are some limitations of this study. First, the CE-

FA composition of the serum is given in relative amounts,

which introduces the possibility that a result that appears

to indicate an increase or decrease in a certain FA is sec-

ondary to a pronounced increase in one or several other

serum CE-FAs present in high proportions. Another limi-

tation is the usage of different dietary assessment methods

for food intake at baseline and 6 weeks in the ND group,

which prevented a direct comparison between food in-

take patterns before and after initiating the ND. The

strengths of the study include the randomised controlled

design and the fact that all food was provided in the ND

group. The latter protocol allowed us to monitor dietary

compliance both for nutrients and foods directly using a

daily study checklist to record the uneaten foods; com-

pliance in the ND group was high.

Conclusions

There was a pronounced decrease in dietary SFA intake

and a moderate relative increase in dietary PUFAs intake

in response to the ND during the 6-week period, which

were reflected by changes in all measured CE-SFAs

(except 16:0) and in the CE-PUFA 22:6n � 3. A low

intake of dairy and meat products and a change to their

low-fat counterparts, as well as an increased intake of

fatty fish, might have contributed to these serum changes.

The positive correlation in the whole group between

CE-SFAs and most blood lipids was in this study mainly

reflecting reduced CE-SFAs that was accompanied by

reduced blood lipids during the ND. The change in CE-

PUFA 22:6n � 3 was inversely related to both LDL-C

and HDL-C. These results suggest that at least part of

the lipid-lowering effects observed following the ND

seems to be related to improved dietary fat quality, which

is relevant to cardiovascular risk.
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