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ABSTRACT

Introduction To investigate the associations of a lifestyle
score with various cardiovascular risk markers, indicators
for fatty liver disease as well as MRI-determined total,
subcutaneous and visceral adipose tissue mass in adults
with new-onset diabetes.

Research design and methods This cross-sectional
analysis included 196 individuals with type 1 (median age:
35 years; median body mass index (BMI): 24 kg/m?) and
272 with type 2 diabetes (median age: 53 years; median
BMI: 31 kg/m?) from the German Diabetes Study. A healthy
lifestyle score was generated based on healthy diet,
moderate alcohol consumption, recreational activity, non-
smoking and non-obese BMI. These factors were summed
to form a score ranging from 0 to 5. Multivariable linear
and non-linear regression models were used.

Results In total, 8.1% of the individuals adhered to

none or one, 17.7% to two, 29.7% to three, 26.7% to

four, and 17.7% to all five favorable lifestyle factors.

High compared with low adherence to the lifestyle score
was associated with more favorable outcome measures,
including triglycerides (B (95% Cl) —49.1 mg/dL (-76.7;
—21.4)), low-density lipoprotein (-16.7 mg/dL (-31.3;
—2.0)), and high-density lipoprotein cholesterol (13.5 mg/
dL (7.6; 19.4)), glycated hemoglobin (—0.5% (—0.8%;
—0.1%)), high-sensitivity C reactive protein (—0.4 mg/dL
(—0.6; —0.2)), as well as lower hepatic fat content (—8.3%
(=11.9%; —4.7%)), and visceral adipose tissue mass (—1.8
dm?3 (-2.9; —0.7)). The dose-response analyses showed
that adherence to every additional healthy lifestyle factor
was associated with more beneficial risk profiles.
Conclusions Adherence to each additional healthy
lifestyle factor was beneficially associated with
cardiovascular risk markers, indicators of fatty liver
disease and adipose tissue mass. Strongest associations
were observed for adherence to all healthy lifestyle factors
in combination.

Trial registration number NCT01055093.

INTRODUCTION
In 2021, 537 million people worldwide
currently have diabetes, and a further

,2*6 Sabrina Schlesinger © ,"2 for the

WHAT IS ALREADY KNOWN ON THIS TOPIC

= A healthy lifestyle that includes a healthy diet, mod-
erate alcohol consumption, exercise, not smoking
and non-obese body mass index has great potential
to prevent diabetes and potentially diabetes-related
complications in persons with diabetes.

= Little is known about the adherence to a healthy life-
style score and cardiovascular risk markers, indica-
tors of fatty liver disease, and adipose tissue mass
in persons with newly diagnosed type 1 and type 2
diabetes.

WHAT THIS STUDY ADDS

= Adherence to a healthy lifestyle was quite high
among persons with newly diagnosed diabetes
(8.1% of the individuals adhered to none or one,
17.7% to two, 29.7% to three, 26.7% to four, and
17.7% to all five favorable lifestyle factors).

= A healthy lifestyle score was inversely related to
blood lipids, glycated hemoglobin, high-sensitivity C
reactive protein, lower hepatic fat content and vis-
ceral adipose tissue mass.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Adherence to an overall healthy lifestyle is associ-
ated with favorable cardiometabolic risk markers in
persons with type 1 and type 2 diabetes and thus
should be promoted.

= Prospective studies are needed that investigate
these associations as well as clinically relevant out-
comes such as the onset of cardiovascular diseases

in persons with diabetes over the long term.

increase is expected.' Diabetes is associated
with increased risk of several comorbidities
and complications, such as cardiovascular
diseases, nephropathy, retinopathy, neurop-
athy, as well as liver diseases.'™ Thus, strategies
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for early prevention of the progression of diabetes and its
comorbidities are of high importance.

Lifestyle behaviors, consisting of a healthful eating
pattern (eg, a high intake of whole grains, fruits, vege-
tables and a low intake of red and processed meat),
moderate consumption of alcoholic beverages, regular
physical activity, and non-smoking are modifiable factors
that play an important role not only for the prevention,
but also for the management of diabetes.” For example,
intensive lifestyle intervention, aiming at weight loss
through dietary modification and exercise training,
was effective for the reduction of body weight, liver fat,
glycated hemoglobin (HbAlc), blood lipids and blood
pressure in obese people with diabetes,” and can be even
effective for type 2 diabetes remission.”® However, it needs
to be clarified whether these beneficial effects are exclu-
sively driven by the induced weight loss or whether life-
style factors, specifically in combination, play a preventive
role in diabetes management. In this context, evidence
from observational studies indicates that adherence to a
healthy lifestyle, based on the combination of nutrition,
moderate alcohol consumption, physical activity, non-
smoking and being in the normal body weight range, was
notonlyrelated to the prevention of diabetes, buthad also
the potential to reduce premature death in individuals
with diabetes.” '’ Each additional healthy lifestyle factor
was associated with improved survival in individuals with
diabetes, and strongest associations were observed when
all lifestyle factors were considered in combination.’

Whether an overall healthy lifestyle is already associ-
ated with cardiovascular health in persons with newly
diagnosed diabetes is not yet clear. Therefore, the aim
of this cross-sectional study was to analyze the associa-
tion between a lifestyle score combining dietary factors,
alcohol intake, physical activity, smoking, and obesity,
regarding cardiovascular risk markers, indicators for fatty
liver disease, and adipose tissue mass in individuals with
recently diagnosed diabetes.

METHODS

Data sources

The German Diabetes Study (GDS) is an ongoing
prospective cohort study, with the goal to examine the
course of diabetes, to identify prognostic factors and the
underlying mechanisms of diabetes-related comorbidities
and complications. Participants were recruited via adver-
tisements in local newspapers and on the institution’s
website, as well as via general practitioners, internists,
diabetologists and endocrinologists, who received infor-
mation and flyers in advance. After receiving the contact
information, the potential participants were contacted
and screened for eligibility for the study in a telephone
interview. Further information on recruitment, including
the inclusion and exclusion criteria, has already been
presented in detail in a previous report."" Briefly, the
primary inclusion criterion is a diagnosis of type 1
diabetes or type 2 diabetes within the past 12 months in

participants aged between 18 and 69 years. The study was
registered at ClinicalTrials.gov (NCT01055093).

Study population and design

This cross-sectional analysis was performed in participants
with newly diagnosed type 1 diabetes or type 2 diabetes
with available baseline information on lifestyle factors
(recruitment period: August 2012-August 2020). Thus,
only those with completed food frequency questionnaire
(FFQ) and completed questionnaire on physical activity
were eligible (n=510). Out of these, 15 men and 6 women
were excluded due to an implausibly high energy intake
exceeding 4000 kcal/day for men or 3500 kcal/day for
women, respectively.'” In addition, one participant was
excluded because of a triglyceride (TG) level of more
than 2500 mg/ dL.’? Furthermore, 20 individuals were
excluded due to missing information on certain lifestyle
factors. Thus, the present cross-sectional analysis was
based on 468 individuals, 196 with type 1 diabetes and
272 with type 2 diabetes (online supplemental figure 1).

Outcome assessment

The outcome of interest was cardiometabolic risk. We
therefore selected a priori known cardiovascular risk
markers, including blood pressure, blood lipids, HbAlc,
C reactive protein (CRP), liver enzymes, hepatic fat
content, a fibrosis index, as well as total adipose tissue,
subcutaneous and visceral adipose tissue.

Clinical and laboratory parameters

Systolic and diastolic blood pressure were measured after
5 min rest in sitting position, and the results of three
measurements were averaged. Serum TGs, low-density
lipoprotein (LDL) cholesterol, high-density lipoprotein
(HDL) cholesterol, high-sensitivity CRP (hsCRP), alanine
transaminase (ALT), aspartate transaminase (AST), and
gamma-glutamyltransferase (GGT) were quantified on
a Hitachi 912 analyzer or a Cobas c¢311 analyzer (Roche
Diagnostics, Mannheim, Germany). Parameters for
differentiation of blood cells including platelet concen-
trations were determined on a Sysmex XP300 (Siemens
Healthcare Diagnostics, Erlangen, Germany). HbAlc
was measured in EDTA plasma using a Variant-II (Bio-
rad, Munich, Germany). ALT, AST, and GGT were used
as surrogates of non-alcoholic fatty liver disease, which
have recently been shown to better predict non-alcoholic
steatohepatitis than other non-invasive scores.'* In addi-
tion, the Fibrosis-4 (FIB-4) Index'® was calculated to
assess the risk of liver fibrosis using the formula:

age XAST

FIB — 4 =
(platelet countXx v/ ALT)

Measures of adipose tissue mass and hepatic fat content

In a subcohort, participants were studied in a whole-body
3 T magnetic resonance (MR) scanner (Philips Achieva,
X-series, Eindhoven, the Netherlands) as described
previously.'® Briefly, total subcutaneous and visceral
adipose tissue were quantified by whole-body MRI using
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transverse multislice turbo-spin echo sequences (n=165
participants). The adipose tissue depots were deter-
mined by a single trained operator using SliceOmatic
(Tomovision, Magog, Canada) using a built-in semiauto-
matic segmentation tool. The size of the adipose tissue
depots is calculated from the number of pixels grouped
within a certain depot and given as volume. Hepatic fat
content was assessed using proton MR spectroscopy with
a stimulated echo acquisition mode sequence (n=258
participants).

Exposure assessment

Assessment of diet

Habitual dietary intake, including alcohol consumption
and total energy intake, was assessed using a validated
semiquantitative FFQ with 148 items referring to the past
12 months.'” '® For the current analyses, a diet score was
generated, by using information on usual daily intake
of fruits, vegetables, whole grain bread, and red meat. '
Whole grain bread was considered as an indicator of
whole grain intake, since the FFQ does not contain any
other information on the consumption of whole grain
products.

Assessment of physical activity

The Baecke questionnaire was used to evaluate physical
activity within the past 12 months.***' We used the subdi-
mensions ‘physical exercise in leisure’ and ‘leisure and
locomotion activities’, containing four questions each.
The derived sports index and leisure index have a range
of 0-5 points each with 5 indicating the highest level of
activity. The total activity index can range from 0 to 10
points. All individuals were asked about their past and
current smoking habits by a questionnaire.

Assessment of anthropometric measures

Anthropometric measures included body height, weight
and waist circumference. Body weight was measured by
a trained staff member using a calibrated weighing scale
(SECA 285; SECA, Hamburg, Germany) or a stadiometer.
The body mass index (BMI) (kg/ m?) was calculated as
the quotient of body weight and the square of height.

Calculation of the lifestyle index

For the lifestyle score, the individual five lifestyle variables
were categorized as favorable (1 point) or unfavorable
(0 points) as previously described'® #27%%; (1) a diet score
was formed comprising the sums of the zscores of the
consumption of fruits, vegetables, and whole grain bread,
minus the zscore of the intake of red meat (processed
and unprocessed). A favorable dietary behavior was then
defined as having a diet index equal or above the median
diet score. (2) Alcohol intake: following the recommen-
dations of the German-speaking nutrition societies, sex-
specific thresholds for favorable alcohol consumption
(men <20 g/day, women <10 g/day) were defined.”’ (3)
Physical activity: tertiles of the total activity score were
calculated and a score equal or above the second tertile
considered an indicator of favorable physical activity.

Clinical care/Education/Nutrition

(4) Smoking: not currently smoking was considered as
favorable. (5) A BMI <30 kg/m? represented a favorable
BML'" ** The points of the individual lifestyle factors
were added up to an overall lifestyle score, ranging from
0 points (most unfavorable lifestyle) to 5 points (most
favorable lifestyle).

Covariates

Age, sex, and socioeconomic status (SES) were collected
during a face-to-face interview.!" For the evaluation
of SES, a composite social status index established in
German health monitoring was used. The SES index
aggregates information on educational level, profes-
sional status, and household income (range 3-21;
higher scores indicate increasing SES).* Furthermore,
family history of diabetes (parents or siblings), diabetes
treatment (untreated/dietary/pharmacological), and
the use of any antihypertensive, lipid-lowering, or anti-
inflammatory drugs were assessed in an interview.

Statistical analyses
Categorical variables are described as numbers and
percentages, while continuous variables are given as
means and SDs or medians (IQR) depending on distri-
bution of the data.

The associations between the lifestyle score and cardio-
vascular risk markers, markers of liver disease as well as
adipose tissue mass were investigated using multivariable
linear regression models. The confounders were selected
a priori according to knowledge from the scientific litera-
ture supplemented by own considerations.'” *****' Model
1 included age (continuous) and sex. The full model 2
was further adjusted for SES index (continuous), diabetes
type, diabetes treatment (untreated/dietary/pharmaco-
logical), family history of diabetes (yes/no), and energy
intake (continuous). Individuals who reported taking
antihypertensive, lipid-lowering or anti-inflammatory
medications were excluded from the respective analyses
on blood pressure, blood lipids/cholesterol or hsCRP.
We calculated B coefficients with 95% CIs by using the
lifestyle score as continuous measure. In addition, the
associations between the lifestyle score and the contin-
uous dependent variables were modeled with restricted
cubic splines placed at three knots (5th, 50th, and 95th
percentiles). The results of the fully adjusted regression
models are presented graphically along with 95% CIs and
p values for the overall association, linearity and non-
linearity (Wald X* test).

Moreover, we investigated each level of the lifestyle
score (adherence to 5, 4, 3 or 2 lifestyle factors) compared
with the lowest level (<1). Since only two individuals had
a lifestyle index of 0, the lower two lifestyle index catego-
ries were combined (£1).

To determine the contribution of each single lifestyle
component, further linear regression analyses were
performed with each lifestyle factor separately as the inde-
pendent variable using model 2 with mutual adjustment
for the remaining lifestyle factors. In sensitivity analyses,

BMJ Open Diab Res Care 2023;11:¢003469. doi:10.1136/bmjdrc-2023-003469

1ybuAdoo Ag paiaalold ‘Bunjisigqeuayuydsiaz
JaylolqigsieusIaniun 1e £Z0z ‘8z Arenuer uo /wod lwgaip//:dny wolj papeojumoq "€20¢ AINC TT U0 697£00-€202-0.pIWa/9ETT 0T Se paysiiand 1s1y :a1eD say qeiq uado (NG


http://drc.bmj.com/

Clinical care/Education/Nutrition

we stratified our linear regression analyses with the life-
style score as the independent variable by diabetes type
and sex. In addition, we recalculated the lifestyle index
by focusing on central obesity (defined by waist-to-hip
ratio (WHR)) rather than general obesity (defined by
BMI). For men, a WHR <0.95 and for women <0.80 were
considered favorable.*® Finally, to account for the aspect
that obesity (general and central) is not a classic life-
style factor but could be a consequence of other lifestyle
factors, we examined whether our findings were robust
after excluding BMI/WHR from the lifestyle score. For
all statistical analyses, SAS V.9.4 (SAS Institute) was used.

RESULTS

Description of the study population

Table 1 shows the characteristics of the total study popu-
lation and stratified by diabetes type. The study popula-
tion had a median age of 48.3 years, consisted of more
men than women, more individuals with type 2 than
type 1 diabetes, and most individuals were of middle or
higher SES. Regarding diabetes treatment, diabetes was
treated pharmacologically in 79.2% of the individuals,
while 16.4% exclusively received lifestyle modification,
and 4.4% reported having no diabetes treatment to date.

Distribution of the lifestyle factors
In table 2, the distribution of lifestyle factors in the
total study population and stratified by diabetes type is
provided. In total, 8.1% of all individuals exhibited one
or zero favorable factors, 17.7% two, 29.7% three, 26.7%
four, and 17.7% all five factors resulting in a median
lifestyle score of 3.0. Individuals with type 1 diabetes
adhered to a higher number of favorable lifestyle factors
compared with individuals with type 2 diabetes (table 2).
Regarding the single lifestyle factors, individuals with
type 1 diabetes reported a more favorable diet score
compared with those with type 2 diabetes (favorable
diet score: 57.7% vs 44.5%). Alcohol intake was low in
this cohort with minimal differences between types of
diabetes. Individuals with type 1 diabetes were more
often classified in the favorable group of recreational
activity compared with individuals with type 2 diabetes
(71.4% vs 58.5%). A total of 75.4% of the participants
were non-smokers, and the difference between both
diabetes groups was negligible. Altogether, 60.9% of the
individuals had a BMI <30 kg/ m2, whereas differences
between type 1 and type 2 diabetes were observed (type 1
diabetes: 89.3% vs type 2 diabetes: 40.4%).

Association of the lifestyle score with cardiovascular risk
markers

In multivariable-adjusted models, the lifestyle score was
not associated with systolic or diastolic blood pressure
(table 3, figure 1 and online supplemental table 1).
However, the lifestyle score was associated with lower
levels of TG (B (95% CI) -11.29 mg/dL (-16.80; -5.78
mg/dL)), LDL cholesterol (B (95% CI) -3.84 mg/
dL (-6.78; -0.90 mg/dL)), and higher levels of HDL

cholesterol (B (95% CI) 2.98 mg/dL (1.79; 4.17 mg/
dL)) with adherence to each additional lifestyle factor
(table 3); and there was indication for a dose-response
association between the lifestyle score and these outcomes
(figure 1 and online supplemental table 1). The life-
style score was also associated with lower HbAlc values
(-0.13% (95% CI: -0.21%; -0.06%)) for adherence to
each additional lifestyle factor (table 3), and strongest
associations were observed for the adherence to all life-
style factors compared with <1 (B (95% CI) for 5 vs <I:
-0.46% (-0.84%; -0.08%)) (figure 1 and online supple-
mental table 1). Individuals with stronger adherence to
the lifestyle score had lower levels of hsCRP (figure 1),
with a difference of —0.09 mg/dL (95% CI: -0.12; -0.05
mg/dL) per additional favorable lifestyle factor (table 3).
Strongest associations were observed for adhering to the
most favorable lifestyle score compared with the lowest
(B for hsCRP (95% CI): -0.41 mg/dL lower (-0.60; —0.23
mg/dL)) (online supplemental table 1).

Association of the lifestyle score with indicators for fatty liver
disease

A non-linear association was observed for the lifestyle
score and AST: values were lower in individuals adhering
to two and three favorable lifestyle factors and above this,
the findings were imprecisely estimated (online supple-
mental table 1 and figure 2). The lifestyle score was also
inversely associated with ALT and GGT, per additional
lifestyle factor: B (95% CI): -1.63 U/L (-2.92; -0.34
U/L) and -2.49 U/L (-5.12; 0.14 U/L) (table 3), indi-
cating stronger associations already after adhering to
two or three favorable lifestyle factors with only minimal
benefit beyond this (figure 2). In addition, a dose—
response association between the lifestyle score and
hepatic fat content was observed (online supplemental
table 1 and figure 2). With adherence to each additional
lifestyle factor, hepatic fat content was lower by -1.64%
(95% CI: -2.39%; -0.89%), and individuals adhering to
all favorable factors showed the lowest values of hepatic
fat content (5 vs <1: B (95% CI): -8.32% (-11.92%;
-4.73%)) (online supplemental table 1). No association
was observed for the FIB-4 Index after full adjustment
(table 3, figure 2 and online supplemental table 1).

Association of the lifestyle score with adipose tissue mass
Regarding adipose tissue distribution, individuals with
stronger adherence to the lifestyle score had lower total
(B (95% CI): -3.42 dm® (-4.67; -2.16 dm?)), subcuta-
neous (B (95% CI): -2.89 dm® (-4.04; -1.73 dm®)), and
visceral adipose tissue (B (95% CI): —0.47 dm® (-0.68;
-0.26 dm®)) per additional favorable lifestyle factor
(table 3). There was a dose-response relation between
the lifestyle score and these variables (figure 3 and online
supplemental table 1).

Subgroup and sensitivity analyses
We did not observe differences for these associations
between individuals with type 1 and type 2 diabetes or
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Table 1 Characteristics of the study population in total and stratified by diabetes type
Total study population Type 1 diabetes Type 2 diabetes
N (n=468, 100%) (n=196, 41.9%) (n=272, 58.1%)

Age (years) 468 48.3 (36.4-56.0) 34.9 (27.4-45.8) 53.4 (47.5-59.5)

Sex 468
Men 275 (58.8%) 107 (54.6%) 168 (61.8%)
Women 193 (41.2%) 89 (45.4%) 104 (38.2%)

Socioeconomic status 456 14.3 (12.3-16.1) 14.1 (12.5-16.0) 14.3 (12.2-16.1)
Low 24 (5.3%) 11 (5.9%) 13 (4.8%)

Middle 248 (54.4%) 100 (563.8%) 148 (54.8%)
High 184 (40.4%) 75 (40.3%) 109 (40.4%)

Family history of diabetes (parents, siblings) 429
Yes 214 (49.9%) 49 (26.5%) 165 (67.6%)

No 215 (50.1%) 136 (73.5%) 79 (32.4%)

Diabetes treatment 456
Untreated 20 (4.4%) 1(0.5%) 19 (7.2%)

Dietary 75 (16.4%) 8 (4.2%) 67 (25.4%)
Pharmacological 361 (79.2%) 183 (95.3%) 178 (67.4%)

Energy intake (kcal/day) 468 2227 (1817-2730) 2329 (1932-2838) 2094 (1711-2634)

Antihypertensive medication 468
Yes 139 (29.7%) 13 (6.6%) 126 (46.3%)

No 329 (70.3%) 183 (93.4%) 146 (563.7%)

Lipid-lowering medication 468
Yes 48 (10.3%) 6 (3.1%) 42 (15.4%)

No 420 (89.7%) 190 (96.9%) 230 (84.6%)

Non-steroidal anti-inflammatory drugs 468
Yes 63 (13.5%) 10 (5.1%) 53 (19.5%)

No 405 (86.5%) 186 (94.9%) 219 (80.5%)

Body mass index (BMI) 468 27.9 (24.0-32.7) 24.1 (22.2-27.2) 31.2 (27.4-35.7)
Urzlderweight or normal weight (BMI <25 kg/ 138 (29.5%) 108 (55.1%) 30 (11.0%)
m°)

Overweight (BMI 25-<30 kg/m?) 147 (31.4%) 67 (34.2%) 80 (29.4%)
Obese (BMI >30 kg/m?) 183 (39.1%) 21 (10.7%) 162 (59.6%)

Total adipose tissue (dm?®) 165 22.2 (15.5-31.7) 18.3 (13.0-25.6) 27.7 (19.7-35.2)
Subcutaneous adipose tissue (dm?) 165 18.4 (13.9-27.6) 17.3 (12.0-22.9) 23.2 (16.1-31.8)
Visceral adipose tissue (dm®) 165 2.5(1.1-3.9) 1.1 (0.5-1.8) 3.6 (2.7-4.7)

Hepatic fat content (%) 258 2.0(0.1-8.1) 0.2 (0.0-1.0) 6.2 (2.2-13.4)

Fibrosis-4 (FIB-4) Index 467 0.9 (0.6-1.2) 0.7 (0.5-1.0) 1.0 (0.8-1.3)

Systolic blood pressure* (mm Hg) 328 131.5(121.3-142.5) 127.3 (116.5-134.5) 137.5(127.0-146.5)

Diastolic blood pressure* (mm Hg) 328 81.9(10.3) 78.0 (8.8) 86.7 (10.0)

Triglyceridest (mg/dL) 420 104.0 (73.0-154.0) 78.5 (59.0-105.0) 124.5 (97.0-187.0)

LDL cholesterolt (mg/dL) 420 123.2 (34.5) 110.1 (29.9) 134.0 (34.4)

HDL cholesterolt (mg/dL) 420 51.0 (42.0-63.0) 61.0 (50.0-72.0) 45.0 (38.0-53.0)

HbA1c (%) 467 6.3 (5.9-6.9) 6.4 (5.8-7.0) 6.3 (5.9-6.8)

HbA1c (mmol/mol) 467 45 (41-52) 46 (40-53) 45 (41-51)

hsCRP% (mg/dL) 405 0.16 (0.06-0.37) 0.08 (0.05-0.19) 0.22 (0.10-0.54)

AST (U/L) 468 21.0(17.0-27.0) 19.0 (16.0-23.0) 23.0 (19.0-29.0)

Continued
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Table 1 Continued

Total study population Type 1 diabetes Type 2 diabetes

N (n=468, 100%) (n=196, 41.9%) (n=272, 58.1%)

ALT (U/L) 468 24.0 (17.5-35.5) 19.0 (14.5-24.0) 29.0 (21.0-42.0)
GGT (U/L) 468 23.0(14.0-38.0) 14.0 (11.0-21.0) 31.0 (21.5-46.5)

Data are presented as means (SD) or medians (first quartile-third quartile) (depending on the (normal) distribution of the respective
continuous variable in the total study population) or numbers (percentages).

*Reported only for people who were not taking antihypertensive medication.

TReported only for people who were not taking lipid-lowering medication.

FReported only for people who were not taking non-steroidal anti-inflammatory drugs.

ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-glutamyltransferase; HbA1c, glycated hemoglobin; HDL, high-density
lipoprotein; hsCRP, high-sensitivity C reactive protein; LDL, low-density lipoprotein.

Table 2 Description of the lifestyle variables of the 468 GDS participants

Total study population Type 1 diabetes Type 2 diabetes
(n=468, 100%) (n=196, 41.9%) (n=272, 58.1%)
Lifestyle score 3.0 (2.0-4.0) 4.0 (8.0-5.0) 3.0 (2.0-4.0)
<1 38 (8.1%) 6 (3.1%) 32 (11.8%)
2 83 (17.7%) 23 (11.7%) 60 (22.1%)
3 139 (29.7%) 50 (25.5%) 89 (32.7%)
4 125 (26.7%) 65 (33.2%) 60 (22.1%)
5 83 (17.7%) 52 (26.5%) 31 (11.4%)
Food intake (g/day)
Fruits 168.3 (102.8-249.9) 167.3 (96.0-250.8) 168.9 (108.2-249.4)
Vegetables 223.3 (170.0-286.6) 230.2 (178.9-304.6) 218.7 (162.8-275.2)

Whole grain bread

Red meat and processed meat

Diet score
Z-score total diet

Favorable (upper half)
Unfavorable (lower half)
Alcohol consumption (g/day)
Favorable (men: <20 g/day, women: <10 g/day)
Unfavorable (men: >20 g/day, women: >10 g/day)

Recreational activity
Leisure index
Sports index

Favorable (second or third tertile)
Unfavorable (first tertile)

Smoking

Non-smoker or former smoker

Current smoker

Body mass index (BMI)

BMI <30 kg/m?
BMI =30 kg/m?

33.3 (19.9-58.3)
102.8 (59.1-160.2)

-0.30 (-1.50; 1.17)
234 (50%)

234 (50%)

4.6 (1.2-14.5)

363 (77.6%)

105 (22.4%)

3.0 (2.5-3.5
2.8 (2.3-3.5
299 (63.9%
169 (36.1%

- =

- =

353 (75.4%)
115 (24.6%)
27.9 (24.0-32.7)
285 (60.9%)
183 (39.1%)

34.6 (19.0-64.1)
108.2 (56.6-164.2)

0.03 (-1.28; 1.36)
113 (57.7%)

83 (42.3%)

6.2 (1.9-15.8)
144 (73.5%)

52 (26.5%)

3.3 (2.8-3.8)
3.0 (2.5-3.8)
140 (71.4%)
56 (28.6%)

150 (76.5%)

46 (23.5%)

24.1 (22.2-27.2)
175 (89.3%)

21 (10.7%)

32.8 (19.9-58.3)
99.0 (62.5-157.7)

-0.50 (~1.59; 1.14)
121 (44.5%)

151 (55.5%)

3.9 (0.9-12.1)

219 (80.5%)

53 (19.5%)

3.0 (2.5-3.5)
2.8 (2.0-3.3)
159 (58.5%)
113 (41.5%)

203 (74.6%)

69 (25.4%)

31.2 (27.4-35.7)
110 (40.4%)
162 (59.6%)

Data are presented as means (SDs) or medians (first quartile-third quartile) (depending on the (normal) distribution of the respective
continuous variable in the total study population) or numbers (percentages).

GDS, German Diabetes Study.
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Table 3 Association of the lifestyle score per one unit increase with cardiovascular markers, indicators for fatty liver disease

and adipose tissue mass: results of linear regression analyses

Model 1* Model 2t

Independent variable B (95% CI) P value B (95% ClI) P value
Systolic blood pressuret (mm Hg) -1.65 (-2.93; -0.37) 0.012 -0.59 (-2.00; 0.82) 0.411
Diastolic blood pressuret (mm Hg) -1.37 (-2.27; -0.48) 0.003 -0.77 (-1.75; 0.21) 0.125
Triglycerides§ (mg/dL) -16.96 (-22.41; -11.50) <0.0001 -11.29 (-16.80; -5.78) <0.0001
LDL cholesterol§ (mg/dL) -4.60 (-7.20; —2.01) <0.001 -3.84 (-6.78; —0.90) 0.011
HDL cholesterol§ (mg/dL) 4.30 (3.12; 5.48) <0.0001 2.98 (1.79; 4.17) <0.0001
HbA1c (%) -0.12 (-0.19; -0.05) <0.001 -0.13 (-0.21; —0.06) <0.001
HbA1c (mmol/mol) -1.35 (-2.11; -0.60) <0.001 —1.45 (-2.28; -0.62) <0.001
hsCRPY| (mg/dL) -0.11 (-0.15; —0.08) <0.0001 —-0.09 (-0.12; —0.05) <0.0001
AST (U/L) -0.32 (-1.02; 0.37) 0.362 —-0.09 (-0.87; 0.69) 0.822
ALT (U/L) -2.36 (-3.53; -1.20) <0.0001 -1.63 (-2.92; -0.34) 0.014
GGT (U/L) -4.09 (-6.37; -1.81) <0.001 -2.49 (-5.12; 0.14) 0.063
Hepatic fat content (%) -2.15 (-2.86; —1.45) <0.0001 -1.64 (-2.39; —-0.89) <0.0001
Fibrosis-4 (FIB-4) Index 0.04 (0.00; 0.07) 0.065 0.01 (-0.083; 0.05) 0.561
Total adipose tissue (dm?) —-4.08 (-5.34; -2.82) <0.0001 -3.42 (-4.67; -2.16) <0.0001

Subcutaneous adipose tissue (dm?) —-3.50 (—4.64; —-2.36) <0.0001 —2.89 (-4.04; -1.73) <0.0001

Visceral adipose tissue (dm®) -0.53 (-0.74; -0.32) <0.0001 —-0.47 (-0.68; —0.26) <0.0001

Results are presented as regression coefficient (8) for adherence to each additional lifestyle factor with 95% CI and corresponding p value.
Numbers of observations used (model 1/model 2): systolic and diastolic blood pressure: 328/289; triglycerides, LDL cholesterol, HDL
cholesterol: 420/363; HbA1c: 467/405; hsCRP: 405/355; AST, ALT, GGT, FIB-4 Index: 467/404; total adipose tissue, visceral adipose tissue,

subcutaneous adipose tissue: 165/146.
*Model 1: adjusted for age (years) and sex.

TModel 2: model 1, further adjusted for socioeconomic status score (continuous), diabetes type (type 1 diabetes/type 2 diabetes), diabetes
treatment (untreated/dietary/pharmacological), family history of diabetes (yes/no), and energy intake (kcal/day).

FReported only for people who were not taking antihypertensive medication.

§Reported only for people who were not taking lipid-lowering medication.

YIReported only for people who were not taking non-steroidal anti-inflammatory drugs.

ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-glutamyltransferase; HbA1c, glycated hemoglobin; HDL, high-density
lipoprotein; hsCRP, high-sensitivity C reactive protein; LDL, low-density lipoprotein.

between men and women (online supplemental tables 2
and 3). The associations pointed to the same directions
in each subgroup and the 95% CIs between the groups
overlapped.

When investigating the associations of the single life-
style factors separately, a BMI <30 kg/m? mostly contrib-
uted to the overall associations for the majority of
outcome variables. However, the other lifestyle factors
further contributed to the observed relations, but to a
lesser extent. In general, strongest associations were
observed when adhering to all lifestyle factors combined
compared with the lifestyle factor separately (online
supplemental table 4).

Neither replacing BMI with WHR nor eliminating
obesity from the lifestyle index substantially changed our
results (online supplemental table 5).

DISCUSSION

Our cross-sectional findings indicate that adherence to
a favorable lifestyle was associated with beneficial cardio-
vascular risk markers, including TGs, LDL and HDL

cholesterol, HbAlc, hsCRP, ALT, as well as hepatic fat
content, and total, subcutaneous and visceral adipose
tissue. We observed dose-response relations for these
associations, indicating that adherence to each addi-
tional favorable lifestyle factor was associated with more
beneficial risk profiles.

Compared with the results of other studies, the
GDS participants met more criteria of a favorable life-
style.® **®% Almost one-third of the GDS participants
adhered to three and 44% to four or five favorable life-
style factors. In comparison, 28% of the EPIC-Potsdam
cohort adhered to three and 9% to all four analyzed
lifestyle factors, respectively.”® In people with prevalent
diabetes, similar patterns were observed: 34% of the full
EPIC cohort with prevalent diabetes adhered to three or
more favorable lifestyle factors (GDS: 74%)," while 29%
of the exclusively male participants with type 2 diabetes
from another study met three and 12% four and more
favorable lifestyle factors.”* However, the comparison
between the populations is limited by the application
of different definition of the lifestyle score, differences
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Figure 1
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Dose-response associations of the lifestyle score with cardiovascular markers. The figures show the best possible

cubic spline (red solid line) with 95% CI (black dashed line). The reference is the value for a lifestyle score <1 (green dashed
line). All analyses were adjusted for age (years), sex, socioeconomic status score (continuous), diabetes type (type 1 diabetes/
type 2 diabetes), diabetes treatment (untreated/dietary/pharmacological), family history of diabetes (yes/no), and energy
intake (kcal/day). Numbers of observations used: systolic and diastolic blood pressure: 289; triglycerides, LDL cholesterol,
HDL cholesterol: 363; HbA1c: 405; hsCRP: 355. ?Reported only for people who were not taking antihypertensive medication.
®Reported only for people who were not taking lipid-lowering medication. °“Reported only for people who were not taking
non-steroidal anti-inflammatory drugs. HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; hsCRP, high-sensitivity C

reactive protein; LDL, low-density lipoprotein.

in SES, duration of diabetes of the individuals and age
distribution of the cohorts.

Non-pharmacological interventions such as lifestyle
modification are a fundamental aspect of diabetes care
for treating recent-onset type 2 diabetes,” and thus, it is
likely that individuals with recent-onset diabetes might at

least temporarily change their lifestyle in the direction
to a more favorable lifestyle. Changes in adverse meta-
bolic factors by lifestyle modification may contribute to
a reduced risk of coronary heart disease or stroke.”*> A
lower BMI was identified as main contributor, which is
consistent with previous studies, showing that a reduction
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Figure 2 Dose-response associations of the lifestyle score with indicators for fatty liver disease. The figures show the best
possible cubic spline (red solid line) with 95% ClI (black dashed line). The reference is the value for a lifestyle score <1 (green
dashed line). All analyses were adjusted for age (years), sex, socioeconomic status score (continuous), diabetes type (type

1 diabetes/type 2 diabetes), diabetes treatment (untreated/dietary/pharmacological), family history of diabetes (yes/no), and
energy intake (kcal/day). Numbers of observations used: AST, ALT, GGT: 405; hepatic fat content: 228; FIB-4: 404. ALT, alanine
transaminase; AST, aspartate transaminase; GGT, gamma-glutamyltransferase.
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Figure 3 Dose-response associations of the lifestyle score
with adipose tissue mass. The figures show the best possible
cubic spline (red solid line) with 95% CI (black dashed line).
The reference is the value for a lifestyle score <1 (green
dashed line). All analyses were adjusted for age (years), sex,
socioeconomic status score (continuous), diabetes type (type
1 diabetes/type 2 diabetes), diabetes treatment (untreated/
dietary/pharmacological), family history of diabetes (yes/no),
and energy intake (kcal/day). Numbers of observations used:
146.

of body weight yielded to more beneficial levels of cardio-
vascular and hepatic risk markers and weight loss.”*™
However, our findings showed strongest associations for
the combination of all favorable lifestyle factors: the more
favorable lifestyle factors were followed, the more bene-
ficial the results were for cardiovascular and liver health
as well as adipose tissue mass. In addition, the findings
were robust when we excluded obesity as a factor from
our lifestyle score.

The present study only examined associations between
lifestyle factors and various cardiovascular risk markers.
Beyond this, findings from the Nurses’ Health Study
and the Health Professionals Follow-Up Study applying
a lifestyle score based on diet, physical activity, smoking
and alcohol intake point to the same direction, even
regarding ‘hard’ cardiovascular endpoints. The HRs for
the adherence to each additional lifestyle factor were
0.86 (95% CI: 0.80; 0.92) for cardiovascular disease, 0.88
(95% CI: 0.82; 0.95) for coronary heart disease, 0.79
(95% CI: 0.68; 0.91) for stroke, and 0.73 (95% CI: 0.66;
0.82) for cardiovascular disease-related mortality.”

The lifestyle score is a simplification to reflect a general
healthy or unhealthy lifestyle behavior. However, the
single aspects were not considered in their whole spec-
trum. For example: for diet, a simple score, including the
intake of fruits, vegetables, whole grain bread and red
and processed meat, was generated. It is likely that this
score was not specific enough to reflect the whole spec-
trum of a favorable dietary pattern. In this context, there
is indication that the Mediterranean diet, the Dietary
Approaches to Stop Hypertension diet, or a low-fat diet is
associated with blood pressure, lipid levels, HbAlc, and
hsCRP independent of BMI or body weight change.**™**
Thus, in future analyses in individuals with new-onset
diabetes, dietary factors and physical activity especially
need further investigation by considering comprehen-
sive exposures. These may also complement our findings
by analyzing longitudinal associations between lifestyle
factors in combination and various outcomes, taking into
account changes in lifestyle over the observation period.

Our study has strengths and limitations that need
to be discussed. Strengths of this study include the

well-characterized study population examined shortly
after diagnosis of diabetes, the comprehensive assess-
ment of lifestyle factors, and the detailed assessment
of hepatic fat content and adipose tissue distribution.
However, the following limitations should be consid-
ered. First, the cross-sectional study design does not
allow any conclusions about cause—effect relationships.
Second, the recent diagnosis of diabetes and other disor-
ders such as hypertension or hyperlipidemia may have
prompted lifestyle changes, but these may not yet have
affected the outcomes studied, resulting in an under-
estimation of the association between lifestyle and the
respective outcomes. Third, information on the lifestyle
factors diet, alcohol consumption, physical activity, and
smoking status was self-reported and therefore may have
been subject to measurement error and misclassification.
However, validated instruments were applied17 182021 and
individuals with implausible energy intake were excluded
from the analyses. Fourth, the lifestyle score is based on
single lifestyle factors, which were included as binary vari-
ables. This categorization caused loss of information and
the whole spectrum of, for example, the dietary behavior
or physical activity, was not covered and could not be
investigated. However, this concept is a well-known tool
in health research' *** and its application provides
insights into the synergetic associations of the combina-
tion of lifestyle factors. Finally, we cannot rule out selec-
tion bias because of the comprehensive study protocol of
the GDS and its exclusion criteria. In addition, the SES
of GDS participants'' and adherence to healthy lifestyle
factors are higher compared with other cohorts. There-
fore, these results may not be generalizable to all people
with diabetes.

In conclusion, the findings showed that in individ-
uals with type 1 and type 2 diabetes, the adherence to
each additional lifestyle factor was associated with more
favorable cardiovascular risk markers and lower liver fat
content as well as adipose tissue mass. The more favor-
able lifestyle factors were met, the more favorable were
the cardiometabolic risk profile. Studies are needed that
prospectively investigate these associations.
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