
1 3

Eur J Nutr (2017) 56:727–738
DOI 10.1007/s00394-015-1116-6

ORIGINAL CONTRIBUTION

The effect of three different ad libitum diets for weight loss 
maintenance: a randomized 18‑month trial

Anette Due1,7 · Thomas M. Larsen1 · Huiling Mu2 · Kjeld Hermansen3 · 
Steen Stender4 · Søren Toubro5,8 · David B. Allison6 · Arne Astrup1 

Received: 30 June 2015 / Accepted: 17 November 2015 / Published online: 12 December 2015 
© Springer-Verlag Berlin Heidelberg 2015

Weight regain in completers was not different between 
groups (mean  ±  SEM), MUFA 7.1  ±  2.1  % versus LF 
5.6 ±  1.3  % versus CTR 7.2 ±  1.5  %, nor was body fat 
regain, MUFA 4.8 ± 1.0 % versus LF 4.7 ± 0.8 % versus 
CTR 5.7 ±  0.6 %. The MUFA group reduced LDL/HDL 
ratio by −0.47 ± 0.09 compared with −0.23 ± 0.11 in LF 
(P < 0.05) and 0.06 ± 0.14 (P < 0.005) in CTR groups.
Conclusions  Weight regain or body composition did not 
differ between diets over 18  months. No effects on risk 
markers for T2D or CVD were found, with the exception 
of an improvement in the LDL/HDL ratio by the MUFA 
diet compared to the CTR diet. The LF diet was generally 
more satisfactory and the MUFA diet seemed more difficult 
to follow.

Keywords  Weight loss · Weight maintenance · 
Mediterranean diet · Cardiovascular disease · Dietary 
intervention

Abstract 
Purpose  To test the effect of three diets in their ability to 
sustain weight loss and improve type 2 diabetes (T2D) and 
cardiovascular disease (CVD) risk markers after 18-month 
intervention.
Methods  Following a ≥8  % weight loss, 131 healthy, 
overweight/obese (BMI  ±  SD 31.5  ±  2.6  kg/m2) men 
(n = 55) and women (n = 76) aged 28.2 ± 4.8 years were 
randomized to either 1. Moderate fat (40 E%) with 20 E% 
MUFA and low in glycemic index (GI) (MUFA, n = 54), 
2. Low fat (25 E%) and medium in GI (LF, n = 51) or 3. 
Control (35 E% fat) and high in GI (CTR, n = 26) all with 
similar protein content, and all provided ad  libitum. First 
6-month intervention with 100  % food provision (previ-
ously reported) following 12 months of moderately inten-
sive intervention with 20 % food provision now reported.
Results  Attrition rate was higher in MUFA (63  %) than 
in LF (37 %, P = 0.019) and CTR (42 %, P = 0.09) group. 

Electronic supplementary material  The online version of this 
article (doi:10.1007/s00394-015-1116-6) contains supplementary 
material, which is available to authorized users.
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Introduction

Overweight and obesity are global health problems contrib-
uting to an ever-increasing incidence of non-communicable 
diseases. Many current treatment programmes focus on 
dietary composition and are efficacious in producing short-
term weight loss of moderate magnitude. However, they 
seem less successful in producing long-term maintenance 
of substantial or even modest weight loss [1, 2].

For decades the official dietary recommendations for 
weight loss and maintenance and prevention of cardio-
vascular disease (CVD) have aimed at reducing the total 
energy and fat content of the diet [3]. However, many pop-
ular diets with a wide variety of diet composition (e.g. low 
carbohydrate, high protein) have shown to be just as effec-
tive in weight management and reducing CVD risk [4–6]. A 
Spanish multicenter intervention trial involving more than 
7000 persons at high CVD risk found a Mediterranean diet 
supplemented with extra-virgin olive oil or nuts reduced 
the incidence of major CVD events compared to a low-fat 
diet [7]. Furthermore, another meta-analysis concluded 
that Mediterranean diets appear more effective than low-fat 
diets in inducing clinically relevant long-term changes in 
CVD risk factors and inflammatory markers [8]. However, 
the increased total fat content of these Mediterranean diets 
increases energy density and may promote weight gain via 
a higher energy intake.

Many of these weight loss studies have methodological 
limitations, particularly the lack of strict long-term adher-
ence to the diet composition which seems to be extremely 
difficult to achieve by dietary counselling only. We aimed 
at improving adherence to the diets by providing all foods 
free of charge from a supermarket for the first 6  months 
and assessing the compliance by adipose tissue fatty acid 
analysis and questionnaires specifically addressing dietary 
adherence. We conducted a randomized, dietary interven-
tion trial comparing three ad  libitum diets: LF (low in fat 
and medium in GI), MUFA (high in monounsaturated fat 
and low in GI), and CTR (high in saturated fat and high in 
GI). We found that the conventional low-fat diet produced 
a lower 6  month regain in body fat following an initial 
weight loss, whereas the high MUFA diet seemed to exert 
more beneficial effect on diabetes and CVD risk factors [9, 
10]. Here we report the dietary effects on weight loss main-
tenance, change in diabetic and CVD risk factors, drop-out, 
and dietary adherence after 18-month intervention.

Materials and methods

The study was conducted at the Department of Human 
Nutrition, Faculty of Life Sciences (now Exercise and 
Sports), University of Copenhagen, Denmark. The study 

was approved by the Ethical Committee of the Munici-
palities of Copenhagen and Frederiksberg and carried out 
according to the Helsinki Declaration. Informed consent 
was obtained from all participants.

Participants and experimental diets

A total of 169 subjects were screened. Out of these, 131 
achieved the required 8 % weight loss and were randomized 
to the dietary intervention (Fig. 1). The recruitment, inclu-
sion criteria, weight loss period, stabilization period, and 
randomization to intervention have been described previ-
ously [10]. The study was a parallel, randomized, 18-month 
dietary intervention trial, and the allocation ratio was 
2:2:1 for the MUFA/LF/CTR groups. The three prescribed 
ad libitum diets were (1) Moderate fat (35–45 E%), high in 
MonoUnsaturated Fatty Acid (>20 E%) [MUFA], (2) Low 
Fat (20–30 E%) [LF], and (3) Control (35 E% fat) with 
>15 E% saturated fatty acid [CTR]. Protein was similar (15 
E%) in all three diets. The MUFA diet included more whole 
grain foods, nuts and legumes, whereas the CTR included 
more added sugar than the other diets. Foods recommended 
to eat plenty of, eat less of, or restrict to a minimum in the 
respective groups have been described [10]. Differences 
in both the total amount of carbohydrate and specific food 
components supposedly resulted in low, medium, and high 
glycaemic index and glycaemic load (GL) in MUFA, LF, 
and CTR diet, respectively. Alcohol intake was recom-
mended at a minimum, though consumption was allowed in 
accordance with Danish guidelines before August 2010, i.e. 
<14 units/week for women and <21 units/week for men (1 
unit = 12 g alcohol). Subjects were instructed to maintain 
their habitual physical activity level throughout the study.

Supermarket model and dietary counselling

To control dietary composition, the supermarket model was 
used [10, 11]. During the first 6 months study participants 
collected all foods (100 % of their energy needs) 1–3 times/
week free of charge. Food intake was permitted ad libitum 
and the energy content was not known by the subjects. 
During the following 12  months all subjects were pro-
vided freely with 20 % of their estimated calorie require-
ments (calculations based on body weight after weight 
loss, sex, age, and a moderate PAL factor of 1.4) [3]. All 
food items provided were characteristic of their respec-
tive diet [10], and the food items were picked up from the 
supermarket monthly. The subjects shopped the remaining 
80  % of their foods in ordinary shops and supermarkets. 
To ensure high dietary compliance, all subjects received 
monthly individual face-to-face dietary counselling and 
encouragement from a dietician throughout this 12-month 
less strict intervention period. Additionally, fat biopsies and 
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questionnaires were performed and used to monitor dietary 
compliance.

Outcome measures

Outcome measures were change in body weight and body 
composition, weight loss maintenance of >5 % from base-
line, drop-out, dietary adherence, and changes in diabe-
tes and CVD risk factors (fasting glucose, fasting insulin, 
HOMA-IR, lipid profile, and Hs-CRP) after 18-month 
dietary intervention. Methods for measuring body weight, 
body composition (by DEXA), and waist and hip circum-
ferences, and for obtaining and analysing the blood sam-
ples have been reported previously [10]. Correlation analy-
ses between changes in body fat and changes in fatty acids 
in the biopsies, and between changes in body fat or weight 

and self-rated dietary adherence were performed. Dietary 
compliance was assessed by three methods: (1) objectively, 
by fatty acid analyses from subcutaneous adipose tissue 
biopsies (<1  g) taken from the buttock before the initial 
LCD induced weight loss and after 18-month intervention; 
(2) subjectively, by participants ranking adherence to their 
respective diet on a scale from 1 to 5, monthly from month 
6 to 18; and (3) as assessed by the dietician at the monthly 
meeting (Supplementary 1).

Statistics

Differences between groups at month 0 were tested by 
one-way ANOVA. Differences between groups in changes 
in outcome measures from before weight loss to month 0, 
month 0–6, month 0–18, and month 6–18 were tested by 

Start LCD (n=154)

Baseline – Month 0
Initiated dietary intervention (n=125)

Screen Failures (n=15):
Not meeting inclusion criteria

Excluded total (n=23)
Withdrew during LCD (n=22)
Weight loss <8% (n=1)

MUFA (n=52) LF (n=48) CTR (n=25)

Drop out during 18 months 
comparison of diets (n=32)

Total drop out after 
randomization (n=34):
Project too demanding (n=4)
Personal issues & disease (n=13)
Pregnancy (n=3)
Lost to follow up (n=14)

Drop out during 18 months 
comparison of diets (n=16)

Total drop out after 
randomization (n=19):
Project too demanding (n=4)
Personal issues & disease (n=6)
Lost to follow up (n=9)

Drop out during 18 months 
comparison of diets (n=10)

Total drop out after 
randomization (n=11):       
Diet allocation (n=1)
Project too demanding (n=1)
Personal issues & disease (n=5)
Lost to follow up (n=4)

Month 18
Completer analysis (n=20)
Intention-to-treat (n=52)

Month 18
Completer analysis (n=32)
Intention-to-treat (n=48)

Month 18
Completer analysis (n=15)
Intention-to-treat (n=25)

Screened for participation (n=169)

Randomization to diet (n=131)

Withdrew during 3wk standardization:
MUFA (n=2), LF (n=3), CTR (n=1)

Fig. 1   Organization chart of participant flow through the study for the MUFA, LFs and CTR groups, including reasons for drop-out. LCD low-
calorie diet
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ANCOVA using month 0 or month 6 values as covariate, 
respectively. Repeated measures analyses were performed 
for body weight over time and for diet × time, with month 0 
as covariate for completers only (n = 67) and for the whole 
sample attending the month 0 examination (n =  125) by 
intention to treat (ITT). For the ITT analysis multiple impu-
tation (MI) via Markov chain Monte Carlo (MCMC) was 
conducted, assuming that the values were missing at ran-
dom (MAR) [12]. The means were adjusted by the covari-
ate. The parameter estimates of each model were combined 
using standard rules. The ITT analysis was conducted using 
SAS version 9.1. Differences in gender, the proportion of 
drop-out, reason for dropping out, and number of partici-
pants maintaining weight loss >5  % or achieving further 
weight loss were tested by Chi-squared tests. Correlations 
analyses are performed by using Pearson’s correlation 
coefficients. All results are presented as mean values with 
95 % confidence intervals (CI) or mean ± SEM. The level 
of significance was set at P < 0.05 (two-tailed). All statis-
tical analyses (except for the ITT) were conducted using 
SPSS version 13 (SPSS Inc. Chicago, IL, USA).

Results

Participant characteristics and drop‑out

The groups were well matched and no significant differ-
ences among groups were found at randomization. One 
hundred and thirty-one participants were randomized to 
the dietary intervention: 81 % (106/131) completed the first 
6 months, whereas 51 % (67/131) completed the 18-month 
intervention. The drop-out of 63 % (34/54) in the MUFA 
was significantly higher than the 37  % (19/51) in the LF 
(P  =  0.019), but not statistically significant different to 
the 42 % (11/26) in the CTR group (P = 0.093). The most 
common reasons for dropping out in all groups were due 
to personal issues (depressed state of mind, stress, divorce, 
etc.) or disease (depression, other illnesses, etc.), or that 
the project was too demanding. No difference in reason for 
dropping out was seen among groups (Fig. 1).

Weight and body fat

Body weight and body composition before weight loss, at 
baseline, and after 18-month dietary intervention for com-
pleters are shown in Table  1. The mean weight loss dur-
ing the LCD was similar among groups: 10.7  ±  0.8  %, 
12.0 ±  0.8  %, and 12.1 ±  1.1  % in the MUFA, LF, and 
CTR groups, respectively (P  =  0.490). Following the 
weight loss, weight regain in completers was not different 
between groups, MUFA 7.1 ± 2.1 %, LF 5.6 ± 1.3 %, and 
CTR 7.2 ±  1.5  % (P =  0.568). Moreover, no difference 

was seen in body fat regain, MUFA 4.8  ±  1.0  %, LF 
4.7  ±  0.8  %, and CTR 5.7  ±  0.6  % (P  =  0.776) after 
18 months. Twenty per cent of completing subjects (15, 31, 
and 13 % in the MUFA, LF, and CTR groups, respectively) 
maintained ≥5 % of the achieved weight loss, but no dif-
ferences between groups were found (P  =  0.249). The 
ITT analysis including all 125 subjects showed no differ-
ences among groups in changes in weight regain during the 
18-month intervention (Fig. 2).

CVD risk factors

No differences in fasting measurements of CVD risk 
factors before or after the dietary intervention were 
seen after 18  months of intervention, except for an 
overall difference in the LDL/HDL ratio among groups 
(P = 0.012) (Table 1). Post hoc analyses showed that the 
reduction of −0.47 ± 0.09 in the MUFA group was sig-
nificantly improved compared with −0.23 ± 0.11 in LF 
(P < 0.05), and an increase of 0.06 ± 0.14 (P < 0.005) in 
CTR group.

Dietary intake

Total dietary intake (foods from supermarket and non-
supermarket) during the first 6  months strictly controlled 
dietary intervention period corresponded to the prescribed 
diets for all three groups (Table  2). During the following 
12 months only 20 % of the estimated dietary needs were 
provided from the supermarket. For the MUFA group the 
primary food supply consisted of 43  % nuts (primarily 
almonds, hazel, peanuts, and walnuts) and legumes (red 
beans, chick pies, and lentils), 28  % vegetable oils (olive 
and rape seed), and 24 % whole grains (whole grain bread, 
brown rice, whole-wheat pasta). For the LF group the pri-
mary food supply consisted of 59  % red meat (beef and 
pork) and 22  % whole grains, whereas the primary food 
groups given to the CTR group consisted of 54  % fatty 
red meat and butter, 21 % white rice and sweets, and 14 % 
dairy products (Table 3).

Dietary compliance

Good correlations between dietary fat and changes in fatty 
acid composition in the buttock were found after the first 
6 months controlled intervention with 100 % food supply 
[10]. After the subsequent 12 months of less strict interven-
tion the MUFA diet increased the concentration of oleic 
acid in the buttock compared to both the LF and CTR diet 
and increased concentration of polyunsaturated fatty acids 
as compared to the CTR diet. The LF and CTR diet pro-
duced greater increases of myristic acid, stearic acid, and 
total saturated fat than the MUFA diet (Table 4).
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Table 1   Body composition and cardiovascular risk factors of the 18-month completers in the MUFA, LF, and CTR groups before LCD, at base-
line (month 0), and after 18-month weight maintenance

MUFA (n = 20) LF (n = 32) CTR (n = 15) P value

Age (year)* 28.9 (26.6–31.1) 27.6 (25.9–29.3) 26.9 (24.0–29.9) 0.493¤

Gender (M/F)* 7/13 15/17 8/7 0.529¤

Height (m)* 1.72 (1.68–1.77) 1.76 (1.72–1.79) 1.74 (1.69–1.78) 0.506¤

Body weight* 91.7 (84.9–98.5) 97.6 (93.1–102.0) 93.3 (86.0–100.5) 0.264¤

PAL* 1.73 (1.66–1.79) 1.68 (1.62–1.73) 1.64 (1.56–1.72) 0.252¤

Weight loss during LCD (kg) −9.9 (−11.6 to −8.1) −11.9 (−13.7 to −10.1) −11.5 (−14.4 to −8.7) 0.302¤

Body weight (kg)§

 Month 0 81.9 (75.9–87.8) 85.7 (82.1–89.3) 81.7 (76.3–87.1) 0.351¤

 Month 18 87.9 (79.8–96.1) 90.4 (86.1–94.7) 87.9 (80.4–95.3)

 Δ month 18–0 6.1 (2.2–9.9) 4.7 (2.6–6.9) 6.1 (3.3–9.0) 0.612#

 Δ month 18–0 (%) 7.1 (2.6–11.5) 5.6 (3.0–8.1) 7.2 (4.1–10.3) 0.708#

BMI (kg/m2)

 Month 0 27.3 (26.4–28.6) 27.7 (26.9–28.6) 27.1 (26.1–28.1) 0.523¤

 Month 18 29.0 (27.4–30.7) 29.4 (28.4–30.5) 29.0 (27.6–30.5)

 Δ month 18–0 1.7 (0.7–2.8) 1.7 (1.0–2.4) 2.0 (1.1–2.8) 0.903#

Total fat mass (kg)§

 Month 0 24.5 (20.9–28.2) 26.1 (23.1–29.2) 23.5 (19.4–27.5) 0.549¤

 Month 18 30.9 (25.9–35.9) 32.0 (28.7–35.3) 30.3 (26.2–34.4)

 Δ month 18–0 6.4 (3.7–9.1) 5.9 (3.9–7.9) 6.8 (5.1–8.6) 0.816#

Total lean mass (kg)§

 Month 0 54.2 (47.2–61.3) 56.3 (52.2–60.4) 55.2 (48.7–61.6) 0.849¤

 Month 18 53.9 (46.4–61.3) 55.1 (51.3–58.9) 54.5 (47.4–61.5)

 Δ month 18–0 −0.4 (−2.6 to 1.8) −1.2 (−2.5 to 0.2) −0.7 (−2.3 to 0.9) 0.425#

Waist (cm)

 Month 0 92.3 (89.5–95.0) 93.8 (91.1–96.6) 91.6 (87.2–96.0) 0.550¤

 Month 18 99.6 (94.1–105.1) 100.5 (96.9–104.0) 98.5 (93.1–103.9)

 Δ month 18–0 7.4 (3.5–11.2) 6.6 (4.6–8.6) 6.9 (2.9–10.9) 0.847#

Hip (cm)

 Month 0 107.3 (104.9–110.6) 108.8 (106.4–111.3) 106.2 (102.4–110.0) 0.454¤

 Month 18 110.8 (106.5–115.1) 112.2 (109.2–115.2) 110.1 (106.5–113.8)

 Δ month 18–0 3.5 (0.7–6.4) 3.3 (1.8–4.8) 3.9 (0.7–7.1) 0.799#

Fasting glucose (mmol/L)

 Month 0 4.96 (4.8–5.1) 4.79 (4.7–4.9) 4.68 (4.4–5.0) 0.126¤

 Month 18 5.36 (5.2–5.6) 5.4 (5.0–5.3) 5.16 (5.0–5.4)

 Δ month 18–0 0.40 (0.2–0.6) 0.34 (0.2–0.4) 0.48 (0.2–0.7) 0.152#

Fasting insulin (pmol/L)

 Month 0 36.8 (29.4–44.1) 42.5 (36.6–48.5) 42.8 (30.2–55.4) 0.471¤

 Month 18 45.7 (31.7–59.7) 46.1 (37.5–54.8) 47.9 (34.3–61.5)

 Δ month 18–0 8.9 (−4.4 to 22.3) 3.8 (−4.1 to 11.6) 8.0 (–1.9 to 17.8) 0.363#

HOMA-IR

 Month 0 1.14 (0.9–1.4) 1.27 (1.1–1.4) 1.27 (0.9–1.7) 0.707¤

 Month 18 1.56 (1.0–2.1) 1.47 (1.2–1.8) 1.52 (1.1–2.0)

 Δ month 18–0 0.42 (−0.1 to 0.9) 0.22 (−0.05 to 0.5) 0.35 (0.01–0.7) 0.363#

Total cholesterol (mmol/L)

 Month 0 4.59 (4.3–4.9) 4.64 (4.3–5.0) 4.39 (4.0–4.8) 0.614¤

 Month 18 4.66 (4.3–5.1) 4.76 (4.4–5.1) 4.79 (4.2–5.3)

 Δ month 18–0 0.07 (−0.3 to 0.4) 0.11 (−0.1 to 0.3) 0.40 (0.1–0.7) 0.457#
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All values are mean (95 % CI). LCD low-calorie diet, PAL physical activity level. HOMA-IR: fasting glucose (mmol/L) times fasting insulin 
(mU/L) divided by 22.5. LDL = Total cholesterol-HDL-(triacylglyceride/2.2)

* Measurements were taken at screening before weight loss
§  Based on DEXA
¤  Test for difference between groups by one-way ANOVA
#  Test for difference in changes (month 18–month 0) between groups by GLM univariate ANOVA with month 0 as covariates

Post hoc analyses showed differences in a  changes in LDL/HDL ratio: MUFA versus LF (P = 0.041), MUFA versus CTR (P = 0.005)

Table 1   continued

MUFA (n = 20) LF (n = 32) CTR (n = 15) P value

LDL cholesterol (mmol/L)

 Month 0 2.86 (2.6–3.1) 2.88 (2.6–3.2) 2.67 (2.3–3.1) 0.663¤

 Month 18 2.67 (2.4–3.0) 2.84 (2.5–3.2) 2.85 (2.3–3.4)

 Δ month 18–0 −0.19 (−0.5 to 0.1) −0.07 (−0.3 to 0.2) 0.17 (−0.1 to 0.5) 0.230#

HDL cholesterol (mmol/L)

 Month 0 1.24 (1.1–1.3) 1.22 (1.1–1.3) 1.20 (1.1–1.3) 0.935¤

 Month 18 1.45 (1.3–1.6) 1.36 (1.2–1.5) 1.30 (1.1–1.5)

 Δ month 18–0 0.21 (0.1–0.3) 0.16 (0.1–0.3) 0.10 (−0.01 to 0.2) 0.104#

LDL/HDL ratio

 Month 0 2.40 (2.1–2.7) 2.50 (2.2–2.9) 2.39 (1.8–2.9) 0.882¤

 Month 18 1.93 (1.6–2.2) 2.31 (1.9–2.7) 2.45 (1.7–3.2)

 Δ month 18–0 −0.47 (−0.7 to −0.3) −0.23 (−0.5 to −0.01) 0.06 (−0.2 to 0.3) 0.012#a

Triacylglycerides (mmol/L)

 Month 0 1.09 (0.9–1.3) 1.19 (1.0–1.4) 1.13 (0.9–1.4) 0.761¤

 Month 18 1.18 (0.9–1.5) 1.22 (1.0–1.4) 1.41 (1.0–1.8)

 Δ month 18–0 0.09 (−0.1 to 0.3) 0.03 (−0.1 to 0.2) 0.28 (0.003–0.5) 0.526#

Hs-CRP (mg/L)

 Month 0 2.33 (1.4–3.2) 2.88 (1.9–3.9) 3.42 (1.8–5.0) 0.476¤

 Month 18 2.30 (1.1–3.5) 2.02 (1.5–2.6) 2.14 (1.0–3.3)

 Δ month 18–0 −0.08 (−1.2 to 1.0) −0.64 (−1.5 to 0.2) −1.28 (−2.8 to 0.3) 0.466#

Fig. 2   Changes in body weight 
by intention to treat (ITT) 
during 18 months controlled 
dietary intervention with 100 % 
food supply (month 0–6) and 
20 % food supply (month 6–18) 
from supermarket. No diet*time 
interaction was seen for either 
ITT (n = 125) or completer 
analyses (n = 67) for changes 
in body weight. The number 
of participants was 52/48/25 at 
month 0, 39/43/24 at month 6, 
and 20/32/15 at month 18 for 
MUFA, LF, and CTR, respec-
tively
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Correlation between regain in body fat and changes in 
fatty acids in the fat biopsies during month 6–18 showed a 
positive association between fat gain and increase in satu-
rated fatty acids (r = 0.472, P < 0.001) and a negative cor-
relation between fat regain and monounsaturated fatty acids 
(r = −0.412, P = 0.002) when groups were pooled.

The overall self-rated dietary adherence level 
(assessed by questionnaires ranking from 1 to 5) was 
significantly greater in the CTR group compared to 
the MUFA (P  =  0.001) and LF (P  <  0.001) groups 
during study months 6–18 (Table  5). This was con-
firmed by the dieticians also estimating a significantly 

Table 2   Prescribed and actual dietary intake during 6-month strictly controlled dietary intervention for the 18-month completers in the MUFA, 
LF, and CTR groups

#  All values are mean (95 % CI)

SFA saturated fatty acids, MUFA mono-unsaturated fatty acids, PUFA polyunsaturated fatty acids

* Variables to be fulfilled before ending each shopping session in the 6-month total food supply from supermarket
¤  Test for difference in actual dietary composition between groups by one-way ANOVA with diet group as fixed factor. Pairwise analyses 
showed differences in a energy density: LF versus MUFA (P < 0.001), LF versus CTR (P < 0.05) and MUFA versus CTR (P = 0.063), and in b 
fibre intake CTR versus MUFA (P < 0.001) and CTR versus LF (P < 0.001)

Prescribed dietary composition (range) Actual dietary composition# P value¤

MUFA LF CTR MUFA (n = 20) LF (n = 32) CTR (n = 15)

Energy intake pr day, MJ/d Ad libitum Ad libitum Ad libitum 10.9 (10.1–11.8) 10.6 (9.7–11.6) 11.4 (9.7–13.1) 0.616

Energy density, kJ/g High Low High 4.8 (4.5–5.1) 3.7 (3.6–3.9) 4.4 (4.1–4.8) <0.001a

Total Fat, E%* 40 (35–45) 25 (20–30) 35 (30–40) 38.0 (37.2–38.8) 23.6 (23.0–24.2) 32.2 (31.4–33.0) <0.001

 SFA, E%* <10 <10 >15 7.2 (6.8–7.6) 8.0 (7.6–8.4) 14.9 (14.4–15.4) <0.001

 MUFA, E%* >20 10 (5–15) 10 (5–15) 19.9 (19.3–20.5) 8.4 (8.1–8.7) 10.5 (10.1–10.9) <0.001

 PUFA, E%* 5–10 5–10 0–10 7.7 (7.4–8.0) 5.2 (5.0–5.3) 4.2 (3.8–4.5) <0.001

Carbohydrate + fibre, E%* 45 (40–50) 60 (55–65) 50 (45–55) 43.7 (42.9–44.4) 57.2 (56.5–57.9) 49.5 (48.7–50.2) <0.001

 Fibre, g/MJ >3 >3 <3 4.2 (4.0–4.4) 4.0 (3.7–4.2) 2.8 (2.6–3.0) <0.001b

 Added sugar, E% * <10 <10 5–15 5.7 (4.8–6.6) 7.5 (6.6–8.4) 9.8 (8.7–10.9) <0.001

Protein, E%* 15 (10–20) 15 (10–20) 15 (10–20) 15.3 (14.8–15.9) 15.9 (15.5–16.3) 15.6 (14.9–16.3) 0.192

Alcohol, E% <5 <5 <5 2.6 (1.7–3.5) 2.9 (2.1–3.7) 2.6 (1.4–3.7) 0.840

Shopping days 180 (150–180) 180 (150–180) 180 (150–180) 152 (144–159) 154 (145–163) 157 (144–171) 0.793

Table 3   Characteristic food 
groups in energy percentage 
provided for each diet group 
during 6- to 18-month 
intervention

All values are mean (±SEM) during study month 6–18 shopping with 20  % of total estimated energy 
requirements from supermarket
#  Only red meat for the LF group
¤  Test for difference between groups by one-way ANOVA

Different letters indicate significant difference between groups by post hoc analyses (P < 0.001). * (P < 0.05)

MUFA (n = 20) LF (n = 31) CTR (n = 15) P value¤

Total energy provided (MJ/d) 1.9 ± 0.1 2.0 ± 0.1 2.0 ± 0.1 0.61

Vegetable oils E% 28.0 ± 1.7a 2.0 ± 0.3b 2.8 ± 0.4b <0.001

Whole grains E% 23.7 ± 1.7b 22.0 ± 1.7b 6.2 ± 0.8a <0.001

Fruits E% 0.8 ± 0.3 0.5 ± 0.1 0.7 ± 0.5 <0.34

Vegetables E% 1.2 ± 0.2a* 0.7 ± 0.2b* 0.4 ± 0.1b* <0.03

Nuts & legumes E% 42.5 ± 1.4a 1.0 ± 2.0b 0.4 ± 0.2b <0.001

Fish poultry and eggs E% 0.1 ± 0.0b 0.7 ± 0.2a 0.1 ± 0.0b 0.001

Dairy products E% 0.1 ± 0.0a 6.8 ± 0.5b 13.9 ± 0.9c <0.001

White rice, sweets etc. E%* 1.1 ± 0.4a 7.6 ± 0.4b 21.0 ± 1.9c <0.001

Red meat & butter E%# 2.7 ± 0.6a 58.8 ± 1.9b 54.4 ± 1.8b <0.001

Total (E%) 100 100 100
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greater compliance in the CTR group compared to 
both the LF and MUFA groups (P  =  0.002). For the 
MUFA group a negative correlation was seen in BW 
regain and the self-reported high intake of monounsatu-
rated fat (r = −0.703, P < 0.001), low intake of sugar 
(r = −0.479, P  <  0.033), and high intake of legumes 
(r = −0.587, P < 0.006), suggesting that the more they 
were able to adhere to these prescriptions, the lower the 
weight gain. Similarly for the LF group a negative cor-
relation was seen in BF regain and the self-reported low 
intake of fat (r = −0.506, P < 0.004) and low intake of 
sugar (r = −0.361, P  <  0.046), again suggesting that 
the more they were able to adhere to these prescriptions, 
the lower the weight gain. A significantly greater satis-
faction with the diet was seen in the LF group, whereas 
the lowest satisfaction was seen in the CTR group 
(Table 5).

Discussion

In this 18-month dietary intervention study, we found that 
all three diets were equally effective in maintaining an 
average weight loss of 5  % subsequent to 8  weeks LCD. 
The fact that the tested diets did not differ in terms of 
weight regains corresponds to our previous finding after 
6-month strictly controlled intervention [10] and other 
comparable trials [13–20]. A few other studies have found 
favourable effects of the Mediterranean-style diet on body 
weight [21–23]. The trial by McManus et al. [21–23] is the 
most comparable to the present trial with regard to dietary 
composition, length of study, study population, number of 
subjects, and drop-out. They found a similar weight loss of 
5 % in both the low-fat group (20 E%) and the moderate-fat 
group (35 E%) after 6-month intervention. However, after 
18 months the moderate-fat group maintained a 4 kg weight 

Table 4   Dietary compliance assessed by fat biopsy in percentage before LCD and after 18-month dietary intervention

All values are mean (95 % CI)

LCD low-calorie diet
¤  Test for difference between groups before dietary intervention by one-way ANOVA
#  Test for difference in changes (month 18, before LCD) between groups after dietary intervention by GLM univariate ANOVA with before 
LCD values as covariates

Different letters indicate significant difference between groups by post hoc analyses: * (P < 0.05), ** (P < 0.001)

MUFA (n = 19) LF (n = 30) CTR (n = 14) P value

% of total g.

 Myristic 14:0

  Before LCD 2.5 (2.3–2.7) 2.5 (2.3–2.6) 2.6 (2.4–2.7) 0.518¤

  Month 18 2.4 (2.2–2.6)a 2.7 (2.5–2.8)b* 2.7 (2.4–3.0)b** 0.004#

 Stearic 18:0

  Before LCD 2.7 (2.4–3.0) 2.5 (2.2–2.7) 2.6 (2.2–2.9) 0.638¤

  Month 18 2.9 (2.5–3.3)b* 3.2 (2.8–3.6)a 2.9 (2.5–3.3)b* 0.017#

 Total SFA

  Before LCD 26.8 (25.7–28.0) 26.1 (25.2–27.0) 26.6 (25.3–27.9) 0.793¤

  Month 18 26.9 (25.5–28.3)a** 28.0 (26.9–29.2)b 27.6 (25.7–29.5) 0.011#

 Oleic 18:1 n−9

  Before LCD 45.3 (44.6–46.1) 45.4 (44.9–46.0) 45.3 (44.3–46.3) 0.801¤

  Month 18 45.9 (44.6–47.3)a* 45.1 (44.5–45.7)b 45.0 (43.8–46.3) 0.071#

 Total MUFA

  Before LCD 56.8 (55.8–57.8) 57.5 (56.5–58.4) 57.2 (55.8–58.5) 0.799¤

  Month 18 56.2 (54.8–57.6)a** 55.5 (54.3–56.7)b 55.6 (53.7–57.5) 0.044#

 Linoleic 18:2 n−6

  Before LCD 10.8 (10.4–11.2) 10.9 (10.5–11.2) 10.9 (10.3–11.5) 0.758¤

  Month 18 11.6 (10.8–12.4)a** 11.1 (10.7–11.6) 11.2 (9.9–12.6)b 0.052#

 Total PUFA

  Before LCD 12.8 (12.4–13.2) 12.9 (12.5–13.3) 12.9 (12.3–13.4) 0.943¤

  Month 18 13.7 (12.8–14.5)a** 13.2 (12.6–13.8) 13.2 (12.9–13.8)b 0.029#
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loss, whereas a 3 kg increase was seen in the low-fat group, 
leading to a 7 kg difference in weight between groups [22]. 
Furthermore, greater reductions in per cent body fat and 
waist circumference were seen in the moderate-fat group 
[22]. In the study by Shai et al. [23] the Mediterranean diet 
caused a significantly greater weight loss of 1.5  kg after 
2  years compared to the low-fat diet. The study by both 
McManus et al. [22] and Shai et al. [23] was hypocaloric 
with a daily energy restriction of 1200 and 1500 kcal for 
women and 1500 and 1800 kcal for men, respectively, and 
not ad libitum and therefore not directly comparable to the 
free living conditions used in the present trial.

It has been estimated that a 10  % decrease in total 
energy from fat can reduce body weight by 16 g/day, which 
can be extrapolated to weight reduction of approximately 
9 kg over 18 months [24]. In the present trial twice as many 
participants on the LF diet maintained a weight loss of 5 % 
after 18-month intervention compared to the MUFA and 
CTR diets, however, this difference was not significant. 
Also, the superior effect of the LF diet in prevention of 
body fat regain after 6 month (10) was no longer sustained 
after 18 months.

One of the most desirable features of the Mediterranean 
diet, relative to traditional low-fat diets, is its ability to 
improve CVD risk [25–32]. In the present trial the MUFA 
diet was associated with an improvement in the LDL/HDL 
ratio compared to both the LF and CTR after 18 months. 
Despite a weight gain of 7 %, a 7 % reduction in LDL and 
a 17  % increase in HDL were seen in the MUFA group, 
suggesting that a Mediterranean-style diet has favour-
able effects on CVD risk factors regardless of the occur-
rence of a weight regain. This favourable effect could also 
be explained by the MUFA diet being lower in GI and GL 
compared to both the LF and CTR diets. Large epidemio-
logical studies have found diets high in GL to be correlated 
with decreases in HDL [33] and increases in risk of CVD 
[34], and it is suggested that GI/GL of the diet is a very 
strong predictor of HDL concentration and risk of CVD 
[35–37]. Another 6-month dietary intervention has also 
found a reduction in both HDL and the LDL/HDL ratio 
in a diet low in GI compared to a diet high in GI in over-
weight type 2 diabetics [38]. In another intervention study 

of 8  weeks duration, a Mediterranean diet also led to an 
increase in HDL cholesterol and reduction in total choles-
terol, LDL cholesterol, and total cholesterol/HDL choles-
terol ratio compared to a westernized diet in abdominally 
obese subjects [39]. In a 4-week weight loss trial followed 
by 6-week maintenance, a LF diet leads to a significant 
12 % decrease in HDL, whereas no changes were seen in 
the Mediterranean diet [18]. There is convincing evidence 
that exchanging dietary saturated fat with monounsatu-
rated fat produces favourable effects on CVD risk factors, 
i.e. it lowers LDL cholesterol [40], improves postprandial 
lipid profile [41], and lowers blood pressure [13]. However, 
this was not confirmed in a German sample with coronary 
artery disease [16] or in the present study, probably due to 
the normal blood lipids of our young healthy participants 
and due to the antecedent weight loss that may have diluted 
dietary effects. Insulin resistance and type 2 diabetes are 
also linked to excess energy intake, particularly in the form 
of saturated fatty acids and simple sugars [42]. We have 
previously shown an improvement in fasting insulin and 
insulin resistance on a MUFA diet compared to both a LF 
and the western diets after 6  months [10]. However, this 
was not seen after 18 months.

The larger drop-out we found in the MUFA group 
remains unexplained but may be ascribed to the fact that 
a Mediterranean diet is less commonly eaten in a Nordic 
population. However, in a social and cultural acceptability 
study of the trial [43], all three diets were equally high in 
“liking of diet”, “social eating events”, and “practical mat-
ters related to eating, cooking, and shopping”. Despite this, 
both the MUFA and LF responders faced stronger barriers 
to accepting the diets when eating out compared to the CTR 
responders. And also the MUFA by comparison with CTR 
responders was more deprived of the foods that they liked 
and had faced more difficulties integrating the diet with the 
eating habits of the families [43]. Altogether these factors 
are likely to have impaired full adherence to the MUFA diet 
and leading to a greater drop-out.

Dansinger et  al. [44] compared four popular diets and 
found that adherence to the diet was a more important fac-
tor in achieving greater weight loss and reducing CVD risk 
factors than the type of diet over a 1-year period. This also 

Table 5   Self-reported adherence to the MUFA, LF, and CTR diet based on a scale from 1 (very bad) to 5 (very good) during study month 6–18

All values are mean (± SEM)
¤  Test for difference between groups by one-way ANOVA

Different letters indicate significant difference between groups by post hoc analyses: * (P < 0.05), ** (P < 0.001)

Question MUFA (n = 20) LF (n = 32) CTR (n = 15) P value¤

Overall dietary adherence (dietary principles) 3.41 (± 0.12)b 3.43 (± 0.11)b 4.10 (± 0.14)a** 0.001

Satisfaction with diet allocation 4.06 (± 0.15)a** 4.49 (± 0.09)b** 3.43 (± 0.24)c** <0.001

Dietary compliance assessed by dietician 3.44 (± 0.13)b 3.50 (± 0.10)b 4.10 (± 0.15)a** 0.003
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corresponds to a recent meta-analysis, concluding that the 
weight loss differences between low-carbohydrate and low-
fat diets are small supporting the practice of recommending 
any diet that a patient will adhere to in order to lose weight 
[4]. In many trials dietary compliance is only assessed by 
3- to 7-day weighed food records and various question-
naires and thus the accuracy of the data therefore very 
much depends on the reliability of the dietary reporting of 
the participants. The present study is unique in the use of 
the supermarket model and the three additional methods 
to assess dietary compliance. The fatty acid composition 
in the fat biopsies was well correlated with recent dietary 
fat intake monitored in the supermarket [10], and the par-
ticipants’ self-reported compliance corresponded with the 
compliance estimated by the dieticians. In the present trial 
much effort was taken to give the same amount of attention 
and treatment to all three groups, whereas in other trials the 
number of visits and amount of attention (including behav-
ioural and psychological counselling) given to the groups 
or study personal were different [8, 22, 23]. Whether a 
positive effect of one diet is attributable to the dietary inter-
vention or the difference in attention given to the various 
groups can be difficult to conclude.

In conclusion, we found that based on around 50  % 
completers all three diets were equally effective in main-
taining a weight loss and in prevention of body fat regain 
over 18 months. Nor were there any differences in effects 
on diabetes or CVD risk factors, with the exception of 
improvement in the LDL/HDL ratio in the MUFA diet 
compared to the CTR diet. Despite continuous dietary 
counselling, only 20 % of study participants were capable 
of maintaining a weight loss of >5 %. The LF diet was gen-
erally more satisfactory and this Nordic population seemed 
to find it more difficult to adhere to the MUFA diet. This 
study confirms that the success in weight maintenance very 
much depends on dietary adherence. Scientific evidence 
supporting the assumption that one diet fits all is scarce 
and more individually addressed dietary approaches need 
to be investigated. Obesity is a multifactorial disorder and 
it takes more than a dietary intervention to achieve success-
ful weight maintenance. General well-being, level of stress, 
sleep quality, and food preferences could be other relevant 
factors to include in future interventions.
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