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ABSTRACT

Background: Epidemiological studies suggest that an increased red
meat intake is associated with a higher risk of type 2 diabetes,
whereas an increased fiber intake is associated with a lower
risk.

Objectives: We conducted an intervention study to investigate the
effects of these nutritional factors on glucose and lipid metabolism,
body-fat distribution, and liver fat content in subjects at increased
risk of type 2 diabetes.

Methods: This prospective, randomized, and controlled dietary
intervention study was performed over 6 mo. All groups decreased
their daily caloric intake by 400 kcal. The “control” group (N = 40)
only had this requirement. The “no red meat” group (N = 48) in
addition aimed to avoid the intake of red meat, and the “fiber”
group (N = 44) increased intake of fibers to 40 g/d. Anthropometric
parameters and frequently sampled oral glucose tolerance tests
were performed before and after intervention. Body-fat mass and
distribution, liver fat, and liver iron content were assessed by MRI
and single voxel proton magnetic resonance spectroscopy.

Results: Participants in all groups lost weight (mean 3.3 £ 0.5 kg,
P < 0.0001). Glucose tolerance and insulin sensitivity improved
(P < 0.001), and body and visceral fat mass decreased in all groups
(P < 0.001). These changes did not differ between groups. Liver
fat content decreased significantly (P < 0.001) with no differences
between the groups. The decrease in liver fat correlated with the
decrease in ferritin during intervention (2 = 0.08, P = 0.0021).
This association was confirmed in an independent lifestyle inter-
vention study (Tuebingen Lifestyle Intervention Program, N = 229,
P =0.0084).

Conclusions: Our data indicate that caloric restriction leads to a
marked improvement in glucose metabolism and body-fat compo-
sition, including liver-fat content. The marked reduction in liver
fat might be mediated via changes in ferritin levels. In the context
of caloric restriction, there seems to be no additional beneficial
impact of reduced red meat intake and increased fiber intake on
the improvement in cardiometabolic risk parameters. This trial was

registered at clinicaltrials.gov as NCT03231839.  Am J Clin Nutr

2019;109:288-296.
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Introduction

Weight loss induced by caloric restriction is a major goal in
the prevention of type 2 diabetes and cardiovascular disease (1—
3). However, for many subjects, it is difficult to lose weight (4).
Furthermore, the cardiometabolic risk largely differs between
subjects who are at risk of diabetes (5, 6), and there is also a large
variability in the beneficial cardiometabolic effects for the same
amount of weight loss (7). Furthermore, modification of the diet
was also shown to improve the cardiometabolic risk, independent
of weight loss (8, 9).

Among several dietary factors that are considered to modulate
the risk of type 2 diabetes and cardiovascular disease (10,
11), increased consumption of red meat is associated with an
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increased risk of type 2 diabetes (12—16), cardiovascular disease,
and mortality (17, 18). In contrast, increased intake of fibers and
whole grain is associated with a reduced risk of type 2 diabetes
and cardiovascular disease (19-23). A high intake of red meat
and a low intake of fibers are also associated with an elevated risk
of diabetes in the German Diabetes Risk Score, which has been
developed in the German European Prospective Investigation into
Cancer and Nutrition study (24) and has been validated in other
cohorts (11). Therefore, it has been hypothesized that reducing
the intake of red meat and/or increasing the intake of fibers
may be beneficial for glucose metabolism and body-fat mass and
distribution.

Few intervention studies have been performed to investigate
the role of whole-grain intake or the consumption of red meat for
glucose metabolism and their role in the prevention of diabetes.
Those studies yielded contradicting results (25-29). Furthermore,
itis unclear whether a reduced intake of red meat and an increased
intake of fibers have additional beneficial effects, when added
to a calorie-restricted diet, to reduce the cardiometabolic risk.
To test this hypothesis, we performed a randomized, controlled
intervention study over 6 mo. Subjects were carefully phenotyped
in respect of glucose and lipid metabolism, body-fat mass, and
distribution as well as hepatic fat and iron load.

Material and Methods

Study design and participants

This 6-mo, randomized and controlled dietary intervention
trial was conducted at the University Hospital Tiibingen,
Germany. The protocol was approved by the ethics committees of
the Medical Faculty of the University of Tiibingen, and informed
written consent was obtained from all subjects. The study was
conducted in accordance with the principles of the Declaration
of Helsinki and Good Clinical Practice.

The study participants were identified by local advertisement
(newspaper, e-mail) and by word of mouth. A total of 225
individuals responded, and 183 were screened. All participants
originated from south-west Germany including an area of 100
km around the university city of Tiibingen, which is economically
well developed. The advertisements included the information that
a nutritional intervention study to reduce weight and to improve
glucose metabolism is conducted at the university hospital.
Individuals aged between 18 and 75 y at a high risk of type
2 diabetes (e.g., family history of type 2 diabetes, metabolic
syndrome, BMI of >27 kg/m?, diagnosis of impaired glucose
tolerance, or previous diagnosis of gestational diabetes) were
included in a 6-mo dietary intervention program. The main
exclusion criteria were diagnosis of type 1 or type 2 diabetes,
a BMI >45 kg/m?, or the presence of serious illness such
as cardiovascular, malignant, or psychiatric disease. Extensive
phenotyping and metabolic examinations were performed at
baseline and after 6 mo of intervention.

After screening and meeting inclusion and not meeting ex-
clusion criteria, individuals were randomly assigned (proportion
1:1:1) to 3 intervention groups using computer-generated random
numbers. In the “control” group, individuals were instructed
to decrease their intake of calories to 400 kcal below their
requirements. In addition to the requirement for the control group
(decrease in caloric intake by 400 kcal), the “no red meat” group
also aimed to avoid the intake of red meat (not including turkey,

fish, or chicken), and the “fiber” group aimed to increase intake
of fibers to at least 40 g/d. There was no restriction of red meat
intake in the “fiber” group. All 3 groups had to reduce their caloric
intake by 400 kcal. All 3 groups were initially provided general
information that physical activity of at least 3 h/wk should be
performed.

After the baseline measurements, individuals underwent
dietary counseling and had 6 sessions with a dietician (after 1,
4,8, 12, 16, and 20 wk). During each visit, participants presented
a 4-d food diary and discussed the results with the dieticians.
Diet composition was determined with a validated computer
program using a 4-d diary (DGE-PC 3.0, Deutsche Gesellschaft
fiir Erndhrung).

We additionally analyzed the 9-mo follow-up data of 229
participants who took part in the TUebingen Lifestyle Interven-
tion Program (TULIP) (30). This study includes individuals at
increased risk of diabetes. The intervention consists of an increase
in physical activity and a dietary intervention to reduce caloric
intake. The detailed study design and participants of the TULIP
cohort, which was analyzed here specifically regarding ferritin
levels and liver fat content, have been described earlier (30).
Baseline subject characteristics of the TULIP cohort are provided
as Supplemental Table.

Procedures
Oral glucose tolerance test.

After an overnight fast, subjects ingested a standard solution
containing 75 g of glucose [Accu-Chek Dextro oral glucose tol-
erance test (OGTT), Roche Diagnostics] at 0800. Plasma glucose
and insulin concentrations were determined from venous blood
samples that had been obtained at 0, 30, 60, 90, and 120 min.

Total body fat and body-fat distribution.

Body-fat mass and distribution were assessed using MRI as
previously described (31, 32). In brief, a T1-weighed fast spin
echo technique was applied on a 1.5Tesla (1.5T) whole-body
magnetic resonance imager (Magnetom Sonata; Siemens Health-
ineers). The entire body was measured with a slice thickness of
10 mm and gaps of 10 mm in between, resulting in approximately
110-120 slices per volunteer. Postprocessing was done by an
automatic segmentation procedure based on fuzzy clustering
(33). Visceral adipose tissue was quantified between femoral
heads and thoracic diaphragm. Abdominal subcutaneous adipose
tissue was quantified between femoral heads and humeral heads.

Quantitative analysis of liver fat and liver iron.

Liver fat content was assessed by single voxel proton magnetic
resonance spectroscopy ('H-MRS) in the posterior part of
segment 7 as described earlier (34, 35). Signal integrals of the
water resonance at 4.7 ppm and lipids (methylene at 1.3 ppm and
methyl at 0.9 ppm) were quantified, and intrahepatic lipids (IHL)
are given as a percentage by the ratio of lipids/(water + lipids).
In order to assess the liver iron content, the effective transverse
relaxation time T2% was determined, applying a multiecho
gradient-echo sequence (36, 37). T2x was calculated in a region
of interest close to the spectroscopic voxel by monoexponential
fitting. Data are given in milliseconds.
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183 persons were screened

Five did not meet inclusion criteria
due to manifest diabetes

178 underwent randomization

/ ‘l'

\>

60 were assigned to the
control group

58 were assigned to
“no red meat”
intervention

60 were assigned to “fiber”
intervention

16 dropouts

20 dropouts
- nineteen no reason declared
- one manifested

10 dropouts
- two pregnancy
- eight no reason declared

- six did not want to participate
in the fiber group after
randomization
- nine had side effects due

hyperthyroidism

to increased fiber intake
- one no reason declared

{

40 completed the control
group

48 completed “no red meat”
intervention

44 completed “fiber”
intervention

FIGURE 1 Enrollment of the participants and completion of the study.

Glucose metabolism.

Plasma insulin was determined on an ADVIA Centaur XP
(Siemens Healthcare Systems). Blood glucose was measured
using a bedside glucose analyzer (Yellow Springs Instruments).

The area under the curve (AUC) glucose during the OGTT
was calculated by the trapezoid method for all 5 time-points.
The insulinogenic index (IGI) was calculated as (Ins30 — Ins0)
/ (Glc30 — GIc0), where InsO and GlcO represent fasting insulin
and fasting glucose, and Ins30 and Glc30 represent insulin and
glucose levels 30 min after glucose ingestion during OGTT.
The OGTT-derived insulin sensitivity index (ISI) was estimated
as ISI = 10, 000 x +/[(Glug x Insg x Glumean X INSmean)] (38).
The disposition index was calculated as ISI x IGI.

Outcomes and statistical analyses

The primary outcome was the change in glucose metabolism
measured during the OGTT. Secondary outcomes were changes
in body weight, body-fat distribution measured by MRI, and liver
fat and liver iron content. Furthermore, blood lipids (triglycerides
and cholesterol levels) were assessed.

Changes in the primary and secondary endpoints in response
to the 6-mo intervention in all groups as a whole were studied
using a 2-sided Wilcoxon signed rank test.

Differences in the change in primary and secondary outcome
variables between the groups (“control,” “no red meat,” “fiber”)
were tested using an analysis of covariance (ANCOVA). The

terms “intervention group” (“control,” “no red meat,” “fiber”)
and the baseline values of the tested variables were used as
covariates. Furthermore, an ANCOVA in addition adjusted for
sex and age was performed for all variables. The variables of
body-fat distribution and glucose metabolism were in addition
adjusted for baseline BMI and change in BMI, respectively.

Unless otherwise stated, data are given as means = SEM. Non-
normally distributed variables were transformed to their natural
logarithm before statistical analysis. Differences with a P value
<0.05 were considered to indicate nominal associations.

For statistical analysis, the JMP 10.0 statistical software
package (SAS Institute) was used.

Results

Subjects and baseline characteristics

A total of 183 subjects were screened for this study (Figure 1).
Five individuals could not participate in the trial because of newly
diagnosed diabetes at screening. The remaining 178 subjects
were randomly assigned to the “control,” the “no red meat,” or
the increase in “fiber” groups. A total of 46 subjects dropped
out, resulting in 132 subjects that completed the intervention
(Figure 1).

Subject characteristics are shown in Table 1. Subjects had a
mean age of 42 + 1 y and a mean BMI of 31.2 £ 0.4 kg/m?
at baseline. The groups did not differ in their baseline anthropo-
metric and metabolic parameters. From the 132 participants that
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Control (n =40)  No red meat (n = 48) Fiber (n = 44) P
Gender, female/male 25/15 34/14 27/17 0.6
Age,y 42 + 13 42 + 13 42 £+ 11 0.9
BMI, kg/m? 31.7 £ 54 30.8 + 3.9 30.8 + 3.8 0.5
Habitual physical activity, AU 7.68 £ 0.18 7.89 £ 0.18 7.78 £ 0.19 0.7
Fasting glucose, mmol/L 542 + 049 5.33 £ 043 5.35 £ 0.53 0.4
Glucose, 120-min OGTT, mmol/L 6.79 + 1.7 647 + 1.3 6.71 + 1.4 0.4
Fasting insulin, pmol/L 79.6 + 42.5 73.0 + 42.8 77.0 + 46.3 0.3
Insulin, 30-min OGTT, pmol/L 652 + 361 681 + 367 634 + 363 0.6

!Data are given as means & SDs. Habitual physical activity was assessed using the HPA score according to

Baecke et al. (39). OGTT, oral glucose tolerance test

completed the intervention program, a total of 107 individuals
were found to have normal glucose tolerance and 23 to have
impaired glucose tolerance according to the 1999 World Health
Organization diagnostic criteria at the baseline visit.

Nutrient factors and compliance during diet intervention

The caloric intake decreased in all groups by a mean of
450 £ 45 kcal/d during the intervention with no significant
differences between the groups (Table 2). As an index for reduced
red meat consumption, iron intake was significantly lower in the
“no red meat” group (P = 0.0018). Fiber intake in the “fiber”
group increased by 9.4 £ 1.1 g/d (P < 0.0001). Apart from the
differences between groups in iron and fiber intake, all other
nutritional components (protein, carbohydrate, fat intake) did not
differ between groups (all P > 0.05). For detailed information
on intake of different nutritional components during intervention,
see Table 2.

Changes in glucose metabolism

Fasting glucose, 120-min glucose, and AUC glucose levels
during the OGTT decreased significantly during the interventions
when all treatment groups are analyzed together (Table 3).
Furthermore, insulin sensitivity, as well as insulin secretion
relative to insulin sensitivity, increased significantly by 23% and
25%, respectively. ANCOVA revealed that the changes in glucose
(fasting and 120-min) levels, as well as of insulin sensitivity
and insulin secretion, did not differ between the groups (Table
4). However, there was a trend (ANCOVA, P = 0.07) for a
difference in the change in AUC glucose between the groups. This
is illustrated in the post hoc analysis where the “no red meat”
group tended to have the strongest decrease in AUC glucose
levels compared with the “control” and “increase in fiber”” groups.
In the “no red meat” group there was also a strong increase in
insulin secretion (disposition indexes; from 1474 £ 131 AU to
2763 + 490 AU, P < 0.0001).

Changes in body weight, body-fat mass and distribution,
and liver fat content

During the intervention, body weight decreased when all
groups were analyzed together (mean reduction of 3.3 &£ 0.5 kg;
P < 0.0001) (Table 3). There was no significant difference in the
changes in body weight between the groups (P = 0.55, Table 4).

There was also a significant decrease in total body-fat mass, as
well as of visceral and subcutaneous fat mass, when all groups
were analyzed together, by approximately 7% (all P < 0.0001,
Table 3). There were no significant differences with regard to the
changes in these parameters between the groups (all P > 0.46,
Table 4).

Liver fat content decreased by 23% from baseline when
all groups were analyzed together (P < 0.0001, Table 3).
However, no significant differences between the groups were
found (P = 0.72, Table 4).

Changes in iron metabolism and liver iron content

To investigate the changes in iron metabolism, the iron content
of the liver measured by MRI and the plasma iron and ferritin
levels were determined. The iron content in the liver, as well
as the plasma iron level, did not change significantly during
the intervention in any of the groups (Table 4). However, there
was a significant mean decrease of 17% in the ferritin levels in
all 3 groups (Tables 3 and 4). Here, the ANCOVA revealed a
significant difference between groups. In post hoc analyses, the
most pronounced decrease in ferritin level was found in the “no
red meat” group (22%) compared with the “fiber” (12%) and
“control” group (15%) (P < 0.0001; Table 4). The reduction in
ferritin was correlated to the improvement in liver fat content
( = 0.08, P = 0.0021). In a multivariate model including
baseline BMI and baseline ferritin levels, we tested whether this
association was independent of body weight loss. Both change in
BMI (8 =7.07 £ 0.74, P < 0.0001) and change in ferritin levels
(B =046 £ 0.11, P < 0.0001) were independently associated
with the reduction in liver fat.

For replication of the finding in a different cohort, we also
analyzed whether there was an association of the change in liver
fat with the change in ferritin after lifestyle intervention in 229
participants of the TULIP study. In this cohort, we also found that
the reduction in serum ferritin levels is correlated with a reduction
in liver fat (72 = 0.03, P = 0.0084) (Figure 2).

Changes in lipids and liver parameters

During the intervention, total- and LDL-cholesterol levels
decreased when all groups were analyzed together, whereas
HDL-cholesterol levels remained unchanged (Table 3). The
transaminases (glutamic oxaloacetic transaminase, glutamic
pyruvic transaminase) and y -glutamyl transferase also decreased
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TABLE 2 Intake of nutrients in the intervention groups!

Fiber (n = 44)

No red meat (n = 48)

Control (n = 40)

During intervention

During intervention

During intervention

(V1-V6)

Baseline (V0)

(VI-V6)

Baseline (VO0)

(V1-V6)

Baseline (V0)

EM Mean SEM
82 53
0.3

0.43
0.81

S
9.3

Mean

SEM

Mean

SEM

Mean
2441

SEM

Mean

SEM

Mean
2323

1894 <0.0001

<0.0001 2391

40
0

1878

90
0.54

<0.0001
0.7

41
0.32

1942
13.51

24.03

75
0.4

Caloric intake, kcal

Iron intake, mg
Fiber intake, g

0.0092
<0.0001
<0.0001
<0.0001
<0.0001

3

15.56
32.55

14.62

23.73
253.90

0.0001
0.8

.32
88

12.69
24.07
215.44

14.8

3

13.71

22.53
254.3

0.94

0.

24.4
261

0.05

0.89

1.11

6.68
2.

219.82

<0.0001
<0.0001
<0.0001

6.07
2.

11

0.0003
0.0016
<0.0001

6.89
2.

220.34

10
33

Carbohydrates, g
Protein, g
Fat, g

08
63

3.16 78.92
68.32

89.75
97.4

09

91

93.4 76.57

103

25

77.17

85.7

2.

1.

69.83

4.5

2.19

73.45

92.7

!Intake of nutrients before and during intervention in the different intervention groups.

Willmann et al.

(Table 3). There were no significant differences in the changes in
lipids, transaminases, or the y-glutamyl transferase between the
groups (Table 4).

Discussion

In the present study, we investigated the effects of a diet
avoiding the intake of red meat and a diet consisting of an
increased intake of fibers, both compared with a control diet,
all under a calorie-restricted regimen, on glucose and lipid
metabolism, body-fat mass, and distribution and on liver fat
content in subjects who were at increased risk of type 2 diabetes.
Body weight and fat mass in all body compartments decreased
in all 3 dietary intervention arms. This resulted in marked
improvements in glucose tolerance and insulin sensitivity. These
beneficial effects occurred to a comparable extent in all 3
intervention groups. These data suggest that regardless of a
reduced intake of red meat or an increased intake of fibers, caloric
restriction, as achieved in our study, was sufficient to result in an
improved cardiometabolic risk profile.

These data may seem to be in contrast to data from several
dietary observation studies where a reduced intake of red meat
and an increased intake of fibers were associated with a beneficial
cardiometabolic outcome and a decreased risk of type 2 diabetes
(5-16). However, in those studies, the consumption of fiber and
red meat mostly was not associated with a reduction in calorie
intake and body weight. In contrast, in our present intervention
study during a period of 6 mo of intervention, there was an
intended decrease in calorie intake on average by 450 =+ 45 kcal/d
in all groups, which resulted in a mean decrease in body weight
of 3.5%. This caloric restriction seems to be the main determinant
for the success of the intervention. This is supported by the
classic POUNDS LOST (Preventing Overweight Using Novel
Dietary Strategies) trial, which found that “reduced-calorie diets
result in clinically meaningful weight loss, regardless of which
macronutrients they emphasize” (40).

Our study might indicate that the dietary modification that
was chosen in our trial, in addition to caloric restriction, has an
effect on specific secondary endpoints. We detected 1 parameter
that was significantly different between the intervention groups,
namely, ferritin. Ferritin levels decreased in all groups but to a
different extent in the specific groups, with the most pronounced
reduction in the “no red meat” group (—22%), followed by the
“control” group (—15%) and the “fiber” group (—12%) (P = 0.02,
ANCOVA). This could have a major clinical impact because the
change in ferritin levels was correlated with the improvement in
liver fat when all 3 intervention groups were analyzed together.
Of note, this association was independent of weight reduction.
We were able to replicate this finding by analyzing the TULIP
cohort of 229 participants; the reduction in ferritin was associated
with the reduction in liver fat in both study cohorts (Figure 2).

Because the decrease in ferritin was most pronounced in the
“no red meat” group, one could presume that the reduction in
red meat with a consecutively lower iron intake may also lead
to a significantly better reduction in liver fat. Accordingly, the
association of high red meat consumption with nonalcoholic
fatty liver disease and insulin resistance has been reported most
recently (41). However, in our study, we were able to detect
a reduction in liver fat in all study groups (‘“control” —10%,
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TABLE 3 Anthropometric parameters, parameters of glucose metabolism, body-fat composition and iron metabolism before and after intervention!

After 6-mo

Baseline intervention P
Weight, kg 919 + 1.4 88.6 £ 1.40 <0.0001
BMI, kg/m? 31.22 + 0.37 30.12 + 0.37 <0.0001
Fasting glucose, mmol/L 54 + 0.04 5.1 £ 0.1 <0.0001
Glucose, 120-min OGTT, mmol/L 6.7 + 0.1 6.3 + 0.1 0.0015
AUC glucose, mmol x h/L 943 £+ 16 872 £ 16 <0.0001
Fasting insulin, pmol/L 76 + 4 63 + 3 <0.0001
Insulin sensitivity ISI, AU 10.61 + 0.52 13.06 = 0.57 <0.0001
Insulin secretion, insulinogenic index, AU 195 + 15 195 + 15 0.9
Insulin secretion, disposition index, AU 1924 + 193 2398 + 205 <0.0001
Total body fat, L (n = 124) 41.6 £ 1 386 £ 1 <0.0001
Visceral fat, L (n = 124) 42 + 0.2 3.8 £ 0.2 <0.0001
Liver fat, percentage signal (n = 122) 7.1 £ 0.7 5.5 £ 0.6 <0.0001
Abdominal subcutaneous fat, L (n = 124) 156 £ 0.5 143 £ 0.5 <0.0001
Liver iron content, ms (n = 124) 28.8 £ 0.7 29.1 £ 0.7 0.82
Ferritin, png/dL (n = 70) 94 + 1 7.8 £ 0.8 <0.0001
Iron, pg/dL 98 £ 3 94 £ 3 0.37
Glutamic oxaloacetic transaminase, U/L 239 £ 0.7 223 £ 1 0.0002
Glutamic pyruvic transaminase, U/L 303 £ 1.7 283 + 1.4 0.0257
y-Glutamyl transferase, U/L 253 £ 2 242 £ 3 <0.0001
Cholesterol, mg/dL 197 + 3 187 + 3 <0.0001
HDL, mg/dL 53 +£1 52 £ 1 0.4
LDL, mg/dL 123 £ 3 118 £ 3 0.0033
Triglycerides, mg/dL 120 £ 5 108 £ 5 0.0022

! Anthropometric parameters, parameters of glucose metabolism, body-fat composition and iron metabolism before and after intervention for all
participants (n = 132). Data are given as means = SEM. P values for changes in parameters in each group were determined using the Wilcoxon test. OGTT,

oral-glucose-tolerance test.

“fiber” —26%, and “no red meat” —29%). The reduction in
ferritin, e.g., by avoiding red meat consumption, but also by
other ferritin-reducing mechanisms such as venesection, as has
been proposed before (42), might have beneficial effects for
the prevention of diabetes and of cardiometabolic diseases,
especially in individuals with high liver fat content.

Because a higher hepatic iron content is associated with insulin
resistance and dysglycemia (37), one could argue that specific
changes in liver metabolism due to a subsequent hepatic iron
deduction could be a plausible explanation for association of liver
fat reduction and lower ferritin levels (43). Of note, hepatic iron
content in the present study did not change in either intervention
group. This rather indicates that the improvement in liver fat
content is primarily linked to a reduction in the ferritin level as a
marker of whole-body iron storage.

Regarding the increase in whole-grain intake, we could not
detect any specific effects of increased whole-grain intake on
glucose metabolism beyond those induced by caloric restriction
and weight loss. Several intervention studies on that topic yielded
conflicting results. One main difference of our study to several
other studies is the longer duration of intervention. A short 3-d
intervention study with fiber-enriched diets found better insulin
sensitivity, measured using a euglycemic, hyperinsulinemic
clamp, in the fiber group (44). Accordingly, whole-grain intake
over 6 wk was found to decrease fasting insulin levels and to
improve insulin sensitivity in overweight and hyperinsulinemic
subjects (45)—which, however, is in contrast to a very similar
study with the same duration of intervention where no positive
effects could be detected (46). Interestingly, a high-fiber diet
compared with a high-protein diet resulted in improved insulin

sensitivity after 6 wk in the fiber group—after 18 wk, however,
the effect was attenuated (47). Our present study was conducted
with a significantly longer intervention time of 26 wk; thus,
adaptive processes, as suggested by Weickert et al. (47), might
also have occurred in our study. In line with our findings, a
recently published study, which lasted over 2 y, postulated that
there is no strong evidence for beneficial effects of insoluble
fiber intake on glycemic control (48). This study was similar
to ours in design and resulted in a relatively large weight
loss.

In an interventional study in patients with type 2 diabetes, the
beneficial nutritional factors identified in the German Diabetes
Risk Score for diabetes prevention (higher fiber intake, less red
meat intake, and lower coffee consumption) were combined in 1
intervention group, and this group was compared with a control
weight loss diet over a period of 8 wk (26). Interestingly, even
the combination of these potentially beneficial dietary factors did
not result in a significantly better outcome in terms of glycemic
markers, independent of weight loss. These data support the
hypothesis that caloric restriction appears to be the major driver
of metabolic health.

In summary, shifts in nutritional factors, such as the increase
in whole-grain consumption or the reduction in red meat
consumption, in addition to a calorie-restricted diet, may have
small effects on metabolic parameters, especially on liver
fat content. However, caloric restriction and accompanying
significant reduction in body weight seem to override these
effects. Therefore, caloric restriction remains the main goal
in prevention programs targeting cardiometabolic diseases and
diabetes.

6102 YOJBI\ € U0 1sanb Aq /1 1/0€G/882/2/60 1 A0BSqE-0[iME/UDlE/WO00"dNO"0ILSPEOE//:SARY WO} PAPEOIUMOQ



Willmann et al.

294

Downloaded from https://academic.oup.com/ajcn/article-abstract/109/2/288/5307117 by guest on 13 March 2019

"K1oAnoadsar ‘TN ut oSueyo pue A 2ulfeseq J0J psn(pe Os[e 21om WSIOqe)AW ISOIN[F pue UONNQINSIP 18J-ApOq JO SI[qRLIBA T,
*93e pue Xas 10J pAsn[pe o1om Sa[qeLIBA [ "SANOIT Y} USIMIDq SIIUIIJIP 153) 0] Pasn sem YAOQDNY '159) UOXOI[IAN 9} SuIsn Paurto)op a1om dnoid yoea ur s9[qeLIeA Ul sa3uryd 10J san[eA 4 INFS F sueaw
SB USALS re B1e(] "SdNOI3 UONUSAISIUL JUIIRJIP 3y} A pajeredds UOBUSAISIUL JJE PUE 910JOq WISHO]eIdw uoIl pue uonisoduwod Jej-Apoq ‘wsijoqelow 2s00n[3 Jo swojowered ‘sijowesed owmowodoiyiuy |

$T0 1£0 L00 9IS F €Il 96 F Tl 00 8FLTF L ¥6'8 F Tl 200 8 F 86 6 F Sl TP/t *sopLRdA[S 1L

I I 90'0 bF LI v F el 810 b F Sl v F 0zl 900 9 F #tl 9 F 62l Tp/Aw 1A

Lo Lo 0 TF €S TF €S €60 TF €S TF €S $5°0 TF IS TF TS p/3w IaH

260 60 100°0 b F 88l v F 861 100 ¥ F 98l v F 61 200 9 F L8] 9 F L6l Tp/Buw ‘[o3alsd[0Y)

Lo SL0 19000  TTF 661 LTFO0L 15000  STFI0T 9T F 9T €00 T6F6EE PSF IE /0 *oserdjsuen [Kweinn-4

89°0 $9°0 0 €TFTI 6T F TS S0 8STFP0E €T F S0€ 0 vTF L8 €€ FSTE N ‘oseuruwsuen oanikd suenio
N

£8°0 8L'0 000 80 F 80T I FTee 0 9T F it Il F LEe 00  TIFITC L1 F6Pr  ‘OSeulesuen oNaoLo[exo oD

80 760 L0 S F L6 S F 001 260 S F 16 S F L6 20 b F 26 9 F 001 /371 ‘uoiy

LOZO0 8E0'0 LS00 1 F 8 T FI'6 10000~ I'TF 69 STF68 81000  ¥1F88 LT F 0l Tp/37 “unieg

LLO 9L'0 1o I'l F6C T1F T8T 90 TITF 6T T1F g6T 1 €1F ¥6T ¥ F 68T ET/LT/OT= U 'SW JUIIUOD UOI JOAI]
PRIEYILE = U

90 190 100 80F 8P 80 F LSI 4L000  LOFLEL  LOF 8P 10000> 1 F pvl I F €91 ] I} SNOAUEINOGNS [EUIWIOPQY
PRITYILE = U

760 Lo P10 80 F 6 1F99 10000~ 1F IS TIFTL T0 STF8Y €U FOL Teusts oeiuoosad ey 10Ar

790 IS0 T6L00 €0 F 9°€ €0F &€ $9000 €0 F L€ €0F I'v 81000 S0 F v SOF LY PRIEP/LE = U T ‘IeJ [BI0OSIA

9T0 970 0000  STFT6E  STFSIH 90000  v1FTL  v1F 0P 10000> TTFr6e 1T F Ser PP/EP/LE = u Ty Apoq [e10L
nv

€0 o 970  L8T F TSKT  99€ F $OET  10000>  16v F €9LT  TEL F LYl 8E00 ST F 6661  €€p F 1961  “Xopur uonisodsip ‘uonaioos urpnsug
AV “xeput

910 9L'0 £7°0 81 F 61 9T F 81T 20 9¢ F 20T Pl F 861 80 81 F 681 € F L0T Srua3oulnsul “UoNaIds uynSu

S1°0 £1°0 L2000 0T F IFEl 60 F IF1T 10000> TFLIPT 60 F 801 £0°0 IF Il 80 F 6£6 AV “Xeput AAnIsuas urpnsu

€50 wo 90000 S F 29 9F €L £0000 S F6S LFLL 900 9 F 69 L ¥ 08 /1owd ‘utpnsut Sunse,

600 L00 £€00°0 9T F 088 ¥C F L06  10000> 8T F TS8 ST F $S6 100 1€ F 126 €€ F €16 T/ % [ow ‘2s0on[3 DY

9€'0 o Lo TOF 9 TOF S $TO00  TOTF 19 TOF LY P6E00 €0 F ¥9 €0 F 69 /oW ‘L100 UIW-(g] 9s00n9

ST°0 €20 10000> 10 F I'S IO F €S 10000> T0FS IO F¥S  9%000  LOF TS 10 F §°S /1o ‘asoon3 Sunseg

0 $5°0 €0000  €5°0 F T00E  SS'0 F TEOE  10000> SO F ¥96T TS0 F S60E  €0000 680 F SLOE 980 F 88'I€ QWY TNE

S0 $5°0 €0000  TTFSL8  €TFT06  10000> 9T FLL8 ST FLI6 000  €EFOI6 1€ FTH6 3 oM

pasnfpe  VAODNY d d ow g autjeseq d ow g autjoseg] d ow g aurjeseg
VAODNY d

(rp = u) 1q1]

(8% = u) yeowr pa1 ON

(0% = u) [onuo)

;8dnoi3 £q poreredss uONUAAIIUL JOYE PUE 210J0q WISI[OGRIOW UOL pur uonisodwod Jej-£poq ‘wstjoqeiow 9s0on(s jo sopwered ‘siopuwered omowodonpuy  § A TIVL



Fiber, red meat, and cardiometabolic risk

NUPREDM

2
P=0.0021 *
. r=0.08 .
2,
®
_2 ° ..
-2 -1 0 1 2

log change ferritin

log change liver fat

295
TULIP

P=0.0084 °
r2=0.03

-2 -1 0 1 2
log change ferritin

FIGURE 2 Correlation of change in liver fat with change in ferritin during intervention in the NUPREDM cohort (left panel: black circles denote the
control group; dark gray circles denote the “no red meat” group; and light circles denote the “fiber” group) as well as the correlation of change in liver fat with
change in ferritin in the TULIP cohort (right panel). NUPREDM cohort n = 122; TULIP cohort n = 229. NUPREDM, Nutritional Prevention of Diabetes

Mellitus Type 2; TULIP, TUebingen Lifestyle Intervention Program.
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