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Summary

Short-term weight reducing regimens were shownnftuence fatty acid composition of
serum lipids unfavorably. Adding long chain n-3yaoisaturated fatty acids (n-3 LC PUFA)
to a low-calorie diet (LCD) could avoid these chasigThe aim of this study was to examine
the effect of a short term in-patient weight redgcregimen including LCD with yogurt
enriched by low doses of n-3 PUFA (n-3 LCD). Theared yogurt contained 790 mg of fish
oil, predominantly eicosapentaenoic (20:5n-3; ERA)l docosahexaenoic (22:6n-3; DHA).
Forty obese women were randomly assigned to eitieegroup with n-3 LCD or LCD with
yogurt without enrichment. Following the 3-weektdie the n-3 LCD group a significantly
higher increase in the proportion of n-3 LC PUFAngsof n-3 FA, EPA and DHA) in serum
lipids was confirmed. In phospholipids (PL) a sfgrant difference in the sum of n-6 fatty
acids was found, a decrease in the n-3 LCD group am increase in LCD group.
Significantly higher increase in the PL palmital&:0) was shown in the LCD group. The
results suggest that low doses of n-3 fatty acidckment can help to avoid unfavorable

changes in fatty acid composition in serum lipitteraa short-term weight reducing regimen.
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I ntroduction:

Composition of dietary fat is one of the nutritibf@ctors which has been shown in
the last years to influence the outcome of weighticing regimens in human (Kriketesal.
2001, Cliftonet al. 2004, Huberet al. 2007, Krebset al. 2006, KuneSovét al. 2006,
Thorsdottiret al. 2007) as well as in animal experimentsifRkovaet al. 2004, Flachst al.
2005). Increased beta-oxidation was shown in rad@dkropecet al 2003) and in human
(KuneSovéet al 2006, Couet et al. 1997). Long chain fatty acidsat the preadipocyte stage
during adipogenesis and stimulate the formatioadybocytes. Long chain fatty acids behave
as ligands of PPAR alpha, beta/delta and gammachitanic acid (20:4n-6, AA) is the
predominant precursor of eicosanoids and leucarigarticipating in this process. Under
iIsoenergetic conditions in vivo experiments havewsh that diet enriched by linoleic acid
(18:2n-6, LA) enhances fat mass and alpha-linolacid (18:3n-3, LNA), counteracting this
effect. A critical role is played by AA and prosyatin receptors in excessive adipose tissue
development in the gestation/lactation period. dEpiiological studies in infants found the
same results as animal experiments. So, n-6 andatiy3 acids differ in their effect on
development of adipose tissue (for review see Aithet al. 2006). Fatty acid composition of
membranes was shown to be influenced by many fe®ICD36 fatty acid transporter with
subsequent effect on insulin sensitivity (Kontr@t&l 2007). Lower proportions of n-3 long
chain polyunsaturated fatty acids (n-3 LC PUFA) serum phospholipids content was
confirmed in obese adolescents (Karlsseinal. 2006). In adults, central obesity was
positively associated with high quantities of n-@lypnsaturated fatty acids and inversely
associated with monounsaturated fatty acids andpohaunsaturated fatty acids in adipose
tissue (Garaulett al 2001).

These findings should be reflected also in changesuman dietary habits. In the

Czech Republic there is low consumption of fish &sld products resulting in low n-3 long



chain polyunsaturated fatty acids (n-3 LC PUFA)ak& (5.8 kg of fish and fish
products/person/year, Czech Statistical Office 2005

Inclusion of fish oils in a weight reducing dietshlaeen shown to have positive effect
on health risks associated with obesity (Meti al 1999). Short-term weight reducing
regimens influence fatty acid composition of serantd adipose tissue lipids unfavorably
(Phinneyet al. 1990, 1991, KuneSo\gt al, 2002).
The aim of our study was to examine the effechefusage of yogurt enriched with n-3 fatty

acids during a weight reducing regimen in modeyatbkese women.

Methods
Subjects

40 moderately obese women were randomly assignedida calorie diet including
yogurt containing n-3 PUFA supplement (n-3 LCD, @fr2or yogurt without n-3
supplementation (LCD, n=20) during their weightueitig regimen in the Spa Obesity Unit
in spring 2004. Characteristics of the study subjat the baseline are given in Tables 1 and
2. The women were mostly postmenopausal and theboeuof premenopausal women was
similar in both groups. Subjects with diabetes, aimgensated thyroid dysfunction and
subjects treated with hormonal contraceptives emiooal replacement therapy, diuretics or
other drugs affecting water balance were excludaa the study.

The study was approved by the Medical Ethical @attee of the Institute of

Endocrinology.

Design of the study
The weight reducing regimen consisted of a baselegght stabilization period
followed by an in-patient weight reducing periodheTregimen included a defined low calorie

diet (LCD), daily light to moderate physical actiwsupervised by a physiatrist and cognitive



behavioural modification of lifestyle. The diet waepared in the spa central kitchen and its
energy content was calculated using the PC progeapNutrition®“. This software has nearly
3000 food items, and its evaluation includes enantgke, macronutrient and micronutrient
content. Patients consumed a weight maintenandeddreng their initial 3 days of the in-
patient stay. Then the LCD was started with 5500ddd (protein 22.7%, fat 28.7%,
carbohydrate 48.6%). The energy deficit was 250@dy compared to both the calculated
energy expenditure and the diet during the weighintenance period. The patients were
assigned to a LCD either including yogurt suppleteénwvith n-3 highly unsaturated fatty
acids (n-3 LCD) or without this supplement (LCDupplemented yogurt contained 790
mg/day of n-3 PUFA, from which, 620mg/day was eagentaenoic (EPA, 20:5n-3) and
docosahexaenoic (DHA, 20:6 n-3) acid. The yogudswproduced by Dairy Research
Institute Milconf. The weight reducing regimen included daily ligntmoderate physical
activity lasting about 60 minutes/day.

Body composition, laboratory analysis and psychabilural examination were

investigated before the intervention and after &jisdf weight reducing regimen.

Biochemical analysis

Blood samples were drawn in the morning after l1airhovernight fasting.
Biochemical parameters measured included totalestedol (TC), HDL-cholesterol (HDL-
C), LDL cholesterol (LDL-C), triglycerides (TG), $ng blood glucose (FBG), fasting serum
insulin (insulin), C-peptide (CP) and C-reactiveotein (CRP). Laboratory analyses were

performed by routine laboratory methods.

Fatty acid composition
The measurement of fatty acid composition of sefigmls was performed by gas

chromatography after separation of individual setipid fractions (serum phospholipids —



PL, triglycerides — TG and cholesterol esters - 8¥)hin-layer chromatography on silica gel

(Tvrzickaet al.2002).

Body composition and regional tissue distribution

Anthropometric estimation of body fat was performbyg measurement of the
following skinfolds: subscapular, suprailiac, tpseand biceps. Waist and hip circumference
were measured following the standardized procedezemmended at the Airlie Conference
(Lohman et al. 1989). Body fat content was estimated by bioelegtriimpedance

measurement (Tanita BC 418 MA, Tanita Inc., Japan).

Psychobehavioural examination
Eating behaviour was evaluated by the 3-item Edhmgntory (Stunkard and Messick
1985) and for the evaluation of depression scogeBiick Depression Inventory (Beekal.

1961) was used.

Statistical methods

Data are expressed as means = SD. The Mann-Whibhegt test was used for testing
the differences between groups, while the Wilcoxest was applied for evaluation of
treatment effect. The differences between indiMidgraups or subgroups were evaluated

using ANOVA and least significant difference muléigomparisons.

Results

The characteristics of the group and the resultthefweight reducing regimen are
shown in Table 1. Significantly higher initial wéig fat mass and waist circumference was
found in the control group which was the most fkigle cause of the higher weight, BMI, per

cent of fat and fat mass loss in the LCD grouprafte weight reducing regimen.



In n-3 LCD an increase in HDL-cholesterol was fouwtiile the LCD group showed
a decrease, nevertheless, in LDL cholesterol afsigntly higher decrease was found in the
LCD group. Basal triglycerides (TG) were signifidgrhigher and their decrease was higher
after weight reduction in the LCD group (see Tab)leDifferences in the changes in glucose
metabolism were not found (fasting glucose, fastimgulin and C-peptide). Changes in
characteristics of food intake and Beck depressamre were not significantly different (data
not shown).

In all examined lipids fractions the increase i fatty acids in the treated group in
comparison with controls was found (Table 3a-c)e Titrease in n-3 fatty acid proportion in
the n-3 LCD group was accompanied by a significketrease of n-6 fatty acid proportion in
serum phospholipids (PL) in comparison with LCD ypo On the contrary, a significant
increase in proportion of arachidonic acid (20:4naéd palmitic acid (16:0) in the LCD
group PL was shown. Stearic acid (18:0) in PL desed in both groups, the decline was
significantly higher in LCD group. The changesfatty acid composition were found in
phospholipids in the highest rate, while the change fatty acid composition in serum
triglycerides and cholesteryl esters were not s&iisy, and the least change was found in

cholesteryl esters.

Discussion

The higher initial weight, BMI and body fat lead smnificantly higher weight, BMI
and body fat loss in the control group followingetB week in-patient weight reducing
regimen as shown previously (Hairedral 2005, Packianathagt al 2005). On the other hand,
we found significant changes in fatty acid compositof serum lipids after the calorie
restricted diet containing yogurt supplemented Wothi doses of n-3 fatty acids of fish origin

(n-3LCD). A significant increase in EPA (20:5n-B)HA (22:6n-3) and the sum of n-3 fatty



acids in the n-3 LCD group in contrast with the tcohgroup consuming LCD with yogurt
without supplementation was confirmed.

The increase in HDL cholesterol caused by the aopsion of fish oil was noted by
Barret and Watts (2003). We confirmed the posiéffect of n-3 supplementation on HDL-C
in our study. We did not find a hypotriglyceridaereifect of fish oil supplementation (Marsh
et al. 1987, Sanderst al. 2006, Suretteet al. 1992) probably as a result of a significantly
higher initial triglyceride level in the control@up and due to higher effect of low calorie diet
and higher weight loss on triglyceride level in garnson with the effect of low dose of n-3
fatty acids. The recommended dose for treatmerhtypértriglyceridaemia is approximately
2-4g/day (McKenney and Sicca 2007), a much higheedhan the one used in the study. The
greater decrease of LDL-C in the control group ¢encaused by similar reasons and
concurrently is in accordance with others (Szapa/Rader 2001).

In the Japanese population and in the Inuit of Aeeelhigh consumption of fish and
fish products results in low ratios of n-6 AA td@3r=PA with the Japanese showing AA/EPA
ratios of approximately 1.7 and the Greenland Ishtiwing ratios of less than 1 (Hirt al.
1980). Younget al.(2005) gave high dose of oils 60g/day; fish oil 82PA and DHA), flax
oil (36g alpha-linolenic acid 18:3n-3) and olivd @ess than 0.6g of n-3 fatty acids) to
subjects with attention deficit/hyperactivity dider. They found a significant effect on serum
phospholipid fatty acid composition with a signdit increase of n-3 fatty acid proportion
reflecting oil composition. A significant decrease the AA/EPA ratio in the fish oil
supplemented group was shown. Unfavorable changee been shown in fatty acid
composition of serum lipids after short-term weidbhss (Phinneyet al. 1990, 1991,
KuneSovaet al, 2002). In our study we found that adding a lowsalof long chain fish oll
supplement to a typical foodstuff such as yoguwteased the proportion of EPA and DHA in

serum lipids (phospholipids, triglycerides, chodegt esters) during a low calorie diet in



obese women. The AA/EPA ratio in phospholipids dased from 11.6 to 6.5 in the treated
subjects and increased from 10.4 to 16.4 in castrol

The role of the use of novel foods enriched witB h€ PUFA was confirmed in a
study which showed an increase in the proportiorEBA and DHA in plasma and also
mononuclear and platelet phospholipids as a restiliconsuming foodstuffs naturally
containing n-3 PUFA and items fortified with fisi gmargarine spread, milk, sausages etc.)
in healthy males (Metca#t al. 2003). The changes in fatty acid composition vggeatest in
phospholipids while the changes in fatty acid cosmpan in serum triglycerides and
cholesteryl esters were less pronounced. Our eesolfirm that plasma phospholipids are
sensitive markers of the fatty acid compositionfadd and they also reflect the fatty acid
composition of membranes. In contrast, cholestesyérs reflect longer-term intake (Zoek
al. 1997).

In conclusion the results of the study show that kose supplementation of n-3
polyunsaturated fatty acids in yogurt in a low c&odiet increase the proportion of n-3
PUFA in serum lipids and prevent unfavorable change serum fatty acid composition

following a short term low calorie diet.
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Table 1. Characteristics of obese women before treatment and the effect of the weight reducing
regimen (n-3 LCD versus LCD)

LCD with n-3 LCD
Baseline After 21 days Basdine After 21 days
Mean SD Mean SD Mean SD Mean SD p *p ™pa

Age (years) 55.2 13.2 59 10.2 NS

Height (cm) 163 6.98 163 6.74 NS

Weight (kg) 87.6 95 852 954 96.3 139 92 13.8 0.030.0003<0.0001
BMI 33.1 283321 29 36.2411 346 4.14 NS 0.001 <0.0001
Per centage FM 422 407416 367 45 39 417 3.9 N$.0001<0.0001
Fat mass (kg) 37.2 6.91356 52 4359.04 37.1 259 0.020.005 <0.008
Fat freemass(kg) 50.4 4.5249.6 457 529599 557 3.88 NS NS NS
Waist (cm) 99.9 10597.8 10.1 111 11.2 107 11 0.02 NS NS
Hip (cm) 117 894115 7.66 122 11.7 119 122 NS NS NS

FM - fat mass, FFM - fat free mass
“p significance of the difference in baseline levels between the groups
*p significance of the difference in treatment effect between the groups

®pa significance of the difference in treatment effect between the groups , after adjustment
for baseline weight
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Table 2. Effect of the treatment on blood lipids, markers of glucose metabolism and inflammation

L CD with n-3 FA LCD

Baseline After 21days Basdline  After 21 days

Mean SD Mean SD Mean SD Mean SD p “p “pa
FBG (mmol/l) 539 124 484 142 586 09 507 0.65 NSNS NS
CP (nmol/l) 1.02 029 103 0.26 133 042 1.25 0.38.020 NS NS
Insulin (mIU/I) 128 6.85 101 401 149 541 128 569 SN NS NS
TC (mmol/l) 558 1.01 507 0.77 563 087 52 0.88 NSNS NS
HDL-C (mmol/l) 147 04 149 032 139 033 128 0.3 NS 0.01 0.04
LDL-C (mmol/) 398 09 371 066 411 092 3.1 0.74 NS 0.00001
TG (mmol/l) 140 046 138 047 197 102 146 0.81.050 0.01 0.001
CRP (mg/l) 278 19 28 285 646 7.06 452 551 NS NSNS

"p significance of the difference in baseline levels between the groups

*p significance of the difference in treatment effect between the groups

®pa significance of the difference in treatment effect between the groups , after adjustment

for baseline weight

16



Table 3a. Fatty acid composition in serum lipids before and after treatment - Phospholipids

Phospholipids HCDwith n-3FA oL

Fatty acid Baseline Day 21 Baseline Day 21
12:0 0.05+0.05 0.05+0.03  0.03+0.01 0.03+0.01
14:0 0.60+0.72 0.53+0.57 0.22+0.06 0.18+0.04***
14:1n-5 0.03+0.05 0.03+0.04 0.01+0.01 0.01+0.00
16:0 29.97+1.60 29.59+1.93 29.95+1.0¢ 31.14+1.12***++
16:1n-9 0.17+0.16 0.19+0.19 0.09+0.01 0.09+0.01
16:1n-7c 1.12+1.14 1.18+1.26 0.51+0.11 0.49+0.09
18:0 11.44+4.44 11.15+4.47* 14.14+1.1' 12.59+1.15***+++
18:1n-9 15.28+12.3(C 14.69+12.16 9.05+0.69 9.05+0.73
18:1n-7 1.70+0.48 1.7740.51 1.46+0.18 1.6140.17***
18:2n-6 21.68+4.85 21.08+3.60 21.89+3.1. 22.39+3.08+
18:3n-6 0.10+0.08 0.11+0.12  0.07+0.03 0.06+0.03
18:3n-3 0.29+0.26 0.28+0.27 0.16%0.06 0.14+0.04
20:0 0.03+0.01 0.03+0.01  0.03%+0.00 0.03+0.00*
20:1n-9 0.14+0.04  0.13+0.03* 0.12+0.02 0.12+0.01+
20:2n-6 0.42+0.11 0.37+0.08*** 0.44+0.12 0.37+0.06***
20:3n-6 2.66+1.33  2.47+1.23* 3.19+0.67 2.750.70**
20:4n-6 9.17+4.56 9.46+4.57 12.18+1.6: 12.81+1.92*
20:5n-3 0.79+0.55 1.44+0.66*** 1.17+0.46 0.78+0.22**+++
22:4n-6 0.25+0.08  0.23+0.06** 0.26+0.05 0.26+0.04
22:5n-6 0.18+0.08  0.16+0.06* 0.16+0.05 0.16+0.05+
22:5n-3 0.66+0.22 0.79+0.24*** 0.78+0.14  0.7610.14+++
22:6n-3 3.24+1.71 4.25+£1.87*** 4.10+0.81  4.17+0.82+++
Saturated 42.10+£3.99 41.35+5.17 44.37+0.8¢ 43.97+0.95*
Monounsaturated 18.46+14.07 18.00+14.06 11.23+0.7¢ 11.37+0.78
PUFA n-6 34.46+8.96 33.89+7.16 38.19+1.6: 38.81+1.92+++
PUFA n-3 4.98+2.10 6.76+2.43*** 6.21+1.17  5.85+1.01+++

Values are expressed as mean + SE (in mol %)
*p<0.05 **p<0.01 ***p<0.001 in comparison with baseline value
+p<0.05 ++p<0.01 +++p<0.001 in comparison with change in the LCD group
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Table 3b. Fatty acid composition in serum lipids before and after treatment — Triglycerides

Triglycerides LCD V\r':ig(g:g FA hleQ

Fatty acid Baseline Day 21 Baseline Day 21
12:0 0.17+0.10  0.13+0.09* 0.18+0.15 0.12+0.04*
14:0 1.76+0.53 1.66£0.52 1.63£0.44  1.29+0.25***+
14:1n-5 0.11+0.07 0.10£0.04 0.09+0.04 0.07+0.02*
16:0 28.2942.71 27.38+£3.32* 27.74+2.0¢ 27.46£1.19
16:1n-9 0.60+0.10  0.65+0.13** 0.64+0.10 0.60+0.11++
16:1n-7c 3.84+0.92 4.06£0.96  3.73+0.87 3.53+0.72+
18:0 3.10+0.53  2.86+0.74* 3.01+0.55 2.71+0.44**
18:1n-9 39.2142.63 38.10+3.48 40.31+2.7: 40.79+2.06
18:1n-7 2.75+0.36 2.72+0.36  2.73+0.31 2.76x0.25
18:2n-6 15.87+2.73 17.24+£3.75** 15.66+2.1: 16.62+2.69*
18:3n-6 0.26x0.11 0.31+0.17 0.25+0.11 0.25+0.07
18:3n-3 0.74£0.25  0.84+0.27* 0.85+0.25 0.81+0.24
20:0 0.03+0.01 0.03+0.01  0.03+0.01 0.03+0.01
20:1n-9 0.21+0.04  0.1940.03* 0.22+0.04 0.20+0.02*
20:2n-6 0.23+0.04 0.21+0.06  0.21+0.05 0.20+0.06
20:3n-6 0.27+0.05 0.26+£0.07  0.23+0.04 0.21+0.03*
20:4n-6 1.25+0.26 1.26+0.24  1.22+0.34 1.20+0.20
20:5n-3 0.16+0.12  0.29+0.10** 0.18+0.09  0.13+0.04*+++
22:4n-6 0.14+0.03 0.14+0.03  0.13+0.03 0.13+0.02
22:5n-6 0.09+0.02 0.09+0.02  0.08+0.02 0.08+0.01
22:5n-3 0.28+0.10  0.39+0.09** 0.27+0.07  0.27+0.07+++
22:6n-3 0.63+0.36  1.08+0.41** 0.62+0.25  0.55+0.23+++
Saturated 33.36£3.33 32.05%4.16* 32.58+2.4¢ 31.62+1.42*
Monounsaturated 46.73+2.88 45.83+4.10 47.71+2.5° 47.94+2.50
PUFA n-6 18.10+2.91 19.5143.90** 17.78+2.1: 18.68+2.62*
PUFA n-3 1.81+0.70 2.60+0.77** 1.92+0.55  1.75+0.48+++

Values are expressed as mean + SE (in mol %)
*p<0.05 **p<0.01 ***p<0.001 in comparison with baseline value
+p<0.05 ++p<0.01 +++p<0.001 in comparison with change in the LCD group
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Table 3c. Fatty acid composition in serum lipids before and after treatment - Cholesterol esters

Cholesterol esters LCD V\r':iggg’ FA hleQ

Fatty acid Baseline Day 21 Baseline Day 21
12:0 0.11+0.05 0.11+0.07  0.13+0.07 0.13+0.06
14:0 0.77+0.22 0.71+0.18 0.61+0.17 0.47+0.12*%**
14:1n-5 0.06+0.04 0.05+0.02 0.06+0.04 0.06+0.05
16:0 10.93+0.84 10.74+0.89 10.70+0.8¢ 10.36+1.29
16:1n-9 0.42+0.09 0.38+0.07** 0.40+0.10 0.36+0.06*
16:1n-7c 3.36+1.00 3.26+0.81  3.15+0.89 2.87+0.73*
18:0 0.56+0.10  0.50+0.11* 0.55+0.08 0.47+0.10**
18:1n-9 17.67£1.78 17.21+1.69 17.53+1.4: 17.06+1.80
18:1n-7 1.04+0.12 1.10+£0.19* 1.03%+0.13 1.11+0.16**
18:2n-6 55.8945.62 55.45+5.48 55.36+4.7. 55.51+4.22
18:3n-6 0.76+0.40 0.77+0.37  0.88+0.50 0.73+0.32**
18:3n-3 0.51+0.10 0.50+0.09 0.47+0.14 0.44+0.09
20:0 0.01+0.01 0.01+0.01 0.01+0.01 0.01+0.01
20:1n-9 0.04+0.02 0.04+0.02 0.04+0.02 0.04+0.02
20:2n-6 0.06+0.02 0.06+0.04 0.07+0.02 0.06+0.02
20:3n-6 0.68+0.14  0.64+0.13* 0.69+0.12 0.63+0.14**
20:4n-6 6.36+2.43  7.24+2.07* 7.31+2.33 8.67+2.53**
20:5n-3 0.42+0.44  0.73+0.46** 0.56+0.47  0.49+0.31+++
22:4n-6 0.02+0.01 0.03+0.04 0.02+0.01 0.02+0.01
22:5n-6 0.02+0.01 0.01+0.01 0.02+0.01 0.02+0.01
22:5n-3 0.03+0.02 0.04+0.01  0.04+0.01 0.05+0.04
22:6n-3 0.29+0.21 0.42+0.23** 0.35+0.24 0.44+0.20*
Saturated 12.37£0.98 12.08+1.04 12.00+1.0( 11.44+1.35**
Monounsaturated 22.59+2.61 22.03+2.46 22.23+2.2: 21.50+2.41
PUFA n-6 63.791£3.77 64.20+3.59 64.35+3.0¢ 65.64+3.39*
PUFA n-3 1.25+0.68 1.69+0.70** 1.42+0.76 1.42+0.54++

Values are expressed as mean + SE (in mol %)
*p<0.05 **p<0.01 ***p<0.001 in comparison with baseline value
+p<0.05 ++p<0.01 +++p<0.001 in comparison with change in the LCD group



