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Objective: To study the association between socioeconomic status (SES) and annual relative change in
anthropometric markers in the general German adult population.

Methods: Longitudinal data of 56,556 participants aged 18-83 years from seven population-based Ger-
man cohort studies (CARLA, SHIP, KORA, DEGS, EPIC-Heidelberg, EPIC-Potsdam, PopGen) were ana-
lyzed by meta-analysis using a random-effects model. The indicators of SES were education and
household income.

Results: On average, all participants gained weight and increased their waist circumference over the
study’s follow-up period. Men and women in the low education group had a 0.1 percentage points greater
annual increase in weight (95% CI men: 0.06-0.20; and women: 0.06-0.12) and waist circumference (95%
Cl men: 0.01-0.45; and women: 0.05-0.22) than participants in the high education group. Women with low
income had a 0.1 percentage points higher annual increase in weight (95% CI 0.00-0.15) and waist circum-
ference (95% CI 0.00-0.14) than women with high income. No association was found for men between
income and obesity markers.

Conclusions: Participants with lower SES (education and for women also income) gained more weight
and waist circumference than those with higher SES. These results underline the necessity to evaluate
the risk of weight gain based on SES to develop more effective preventive measures.
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Introduction adjusted life-years (DALYs) worldwide (3). These consequences
together with the high prevalence of the condition underline the
urgent need for useful interventions and mark its public health rele-
vance. Actually, there are now numerous ongoing interventions, but
the rise in prevalence of being overweight and obesity in recent
years indicates that none has been successful enough (2). To develop
more effective interventions, Keating et al. (4) proposed to report
obesity trends for populations according to their socioeconomic sta-
tus (SES). A clear association has been shown between SES and
obesity in developed countries. People with a low SES have a
greater risk to develop overweight than those with high SES and,
The Global Burden of Disease Study has estimated that in 2010, interestingly, this association is more pronounced in women than
overweight caused 3.4 million deaths and 3.8% of global disability- ~men (5.,6). In addition, Rokholm et al. (7) recently reported a SES

Overweight and obesity are widespread, modifiable risk factors for
metabolic-related diseases and mortality across all age and income
levels worldwide. The prevalence of these conditions has recently
substantially increased in several countries (1,2). Whereas in 1980,
approximately 857 million people were affected, in 2013, it was esti-
mated that almost 2.1 billion people, i.e., 30% of the population
worldwide (2), had overweight or obesity. Germany is among the 10
countries globally with the highest prevalence, with 64% of men and
49% of women classified as suffering from overweight or obesity (2).
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gradient affecting the response to obesity interventions, where thera-
pies are deemed less effective in the lower SES groups.

Few studies have been conducted that investigate the change of
anthropometric markers in adults depending on SES (1). Several
sociodemographic factors have been shown to be associated to weight
gain: employment (8), low educational level, economic difficulties
(9,10). Other indicators such as income have not yet been explored in
detail. Together with weight, waist circumference appears to be the
best simple anthropometric measure of abdominal fat (11). Some stud-
ies indicate that abdominal fat, but not total body fat, is related to met-
abolic disturbances and health risks (12,13). To examine the link
between SES and waist and weight changes in adults may help iden-
tify the determinants of developing overweight and obesity and sup-
port the development of new, more adequate, and proficient interven-
tions for specific SES groups. Therefore, the aim of the present work
was to investigate the relationship between SES and change of anthro-
pometric markers (weight and waist circumference) over a period of
on average 7.2 years in the general German adult population taking
several representative cohort studies into account (aged 18-83 years).

Methods
Study population

The meta-analysis included data from seven population-based longitu-
dinal German cohort studies: CARLA (Cardiovascular Disease, Living
and Ageing in Halle, Saxony-Anhalt), SHIP (Study of Health in Pom-
erania), KORA (Cooperative Health Research in the Region of Augs-
burg, Bavaria), the longitudinal section of the DEGS (German Health
Interview and Examinations Survey for Adults), PopGen (Population
Genetic Biobank, Kiel), EPIC-Heidelberg and EPIC-Potsdam (two
study centers of the European Prospective Investigation into Cancer
and Nutrition). These studies belong to the “German Competence Net-
work Obesity,” a project reviewed and funded by the Federal German
Ministry of Education and Science (BMBF). They are characterized
by a longitudinal data collection in an epidemiological setting with
harmonized and comparable instruments to measure socioeconomic
and anthropometric characteristics of the study participants. Only par-
ticipants without missing values for weight and waist circumference at
baseline and follow-up were included in this study. Exclusion criteria
were pregnancy, limb amputation, or prosthesis implantation between
baseline and follow-up, because they involve changes in body weight
and/or waist circumference that are not associated with obesity. Thus,
in total, data from 56,556 Caucasian participants was analyzed. The
main characteristics of these studies are outlined in Table 1. Detailed
information on study design and methods from each study has been
published previously (14-21). The response rates at baseline ranged
from 18% (PopGen) to 69% (SHIP), and at follow-up varied from
43% (DEGS) to 89% (EPIC-Potsdam), and were calculated as the ratio
of the number of participants at follow-up and the number of partici-
pants at baseline excluding subjects who died or changed residence.

The implementation of each study conformed to the principles of the
Helsinki Declaration. The studies were approved by the responsible
ethics committees and public data protection offices. All participants
provided written informed consent prior to study participation.

Anthropometric markers
Weight and waist circumference were selected for the analyses of
change in anthropometric markers. Weight, height, and waist cir-

cumference were measured similarly in CARLA, DEGS, KORA,
and SHIP with standardized procedures (Haftenberger M, Mensink
GBM, et al., unpublished data). Briefly, weight was measured to the
nearest 0.1 kg, without shoes and wearing light clothing. Height was
recorded to the nearest 0.1 cm. Waist circumference was measured
using a rubber measuring tape, horizontally halfway between the
lower border of the rib cage and the iliac crest. EPIC used compara-
ble measurements at baseline but self-reported information from
study participants at follow-up. PopGen used similar procedures for
measurement of height and waist circumference, but weight was
measured in fully-dressed barefoot participants, data on body weight
was subsequently corrected for clothing by subtracting 2 kg.

Participants were classified as underweight (BMI < 18.5 kg/m?), nor-
mal weight (BMI 18.5 kg/m® to <25 kg/m?), overweight (BMI
25 kg/m? to < 30 kg/m?), or people with obesity (BMI > 30 kg/m?)
according to the official criteria of the World Health Organization
(22). As a result of the small numbers of underweight participants,
the categories underweight and normal weight were merged and
labeled as normal weight (BMI < 25 kg/m?) for further analyses.

The relative annual changes in weight and waist circumference were
calculated as follows:

WelghtFollow-up _WelghtBaseline

X100
WeightBaseline X FOllow—upTime

Annualrelativeweightchange=

WaiStFollow—up —WaiStBascline %100

Annual relative waist change= —
walstp,seline X Follow-up,

A value of 0 means that there was no change; positive values indicate
an increase, while negative values suggest a decrease in weight or
waist circumference. In order to reflect the different follow-up times
from each participant, we included follow-up time in the formula.

Socioeconomic status

SES was determined as the highest education level for each partici-
pant and their current household income. No index for SES was
used as we aimed to identify the individual determinants of anthro-
pometric change over time (23).

Education. The education level was defined in accordance with
the International Standard Classification of Education (ISCED, ver-
sion 1997) (24). It includes compulsory, professional, and academic
education. Study participants were classified as follows: low (9 or
10 years: lower secondary), medium (11-13 years: upper secondary),
high (14-16 years: higher education), and highest level of education
(17 years or more: university degree). Information on education
level was available for all participants.

Net household income. Information on income of the partici-
pants was collected in CARLA, DEGS, SHIP, and KORA, but not
in the PopGen and EPIC studies. For each study, participants were
classified into three categories of income within approximately
defined tertiles of the population: low/medium/high. These catego-
ries of income take regional differences into account. An additional
difference was marked by political and economic changes in
Europe: baseline recruitment took place before (DEGS, SHIP,
KORA) or after (CARLA) currency changeover from the German

2 Obesity | VOLUME 00 | NUMBER 00 | MONTH 2016

www.obesityjournal.org



Obesity

I Article

igina

EPIDEMIOLOGY/GENETICS

Or

62 Ley ('sh 09 (¢'e2) e9¢ (291 z6ee €1 €291 (8'61) 90¢ ©1¢) 102 fyusaqo
(7'2e) LS (6'5¢) ok (6'5¢) 299 (€28 8111 (9°'62) 09e€ @1e) L8y (6'8¢) 8¥¢ WBiamianQ
(L2y) 02L (L'8p) 061 60 179 (G"19) €29/ (099) 65€9 (L'8p) €8/ (G'62) 881 Biem [ewioN
(%) N ‘saliobajes jng
82l 8728 0€L 978 €7l 818 vILF 08 eLLF208 GZLF078 2ELF L6 (wa) 1s1eM
9ELF 'L TYLFTLL GELF 0L 921 ¥ 089 221 78/9 V'€l ¥ 669 Ly +0¢L (6%) wbiam
0GL*v'8Y 0'€l*96G 0l +88p €6 F 06V S8 F ¥6h AR £6+929 (steak) aby
889'1 06€ 996'1 €61 26e' L) Gt /€9 N
m.ﬁbm:m a1 ul papnjour uswom Jo Salsiiajoeleld auljaseqg
(L°2€) 199 (8'6¢) €99 (€9p) €.9 82y Lee (yBy) apiey ¢
028 L1y (L'0v) 9.6 (952 /1€ (1'62) Gee (wnipaw) 818} g
(€02 28 a|qelene JON (@61 9/2 a|qeleAe JON a|qellene JoN (1'82) L¥€ (@'82) 8Ie (moy) sy °1
(%) N ‘awoauy
(0°€2) 8¢ 9€e) LLL 012 z1e (8'09) FLL'Y (1°0€) 958'2 (6'12) 60 (09¢) 282 sieak /1<
(021 88t 861 LOL (0°82) 60¥ (@'8l) 069'L @8l Lel't (¢'02) 982 ('12) 021 sieaf 91-p1
(0°19) €56 9¢ep) NNN (0°2¥) 689 (962 2vl'e (L6Y) vy (0°09) 902 (z'65) Bm sieaf g1-1|
(09 92 ¢ g 0% €9 (71 gzl (1'2) 961 Gyt (1e) ¥ sieak 01-6
(%) N ‘uoneanp3
(¢'s2) 168 6'sH 18 (12 91 021 961 (291) 16G'k 6°21) 652 €2 vie fusaqo
(8'6¥) 982 (6'8Y) 6¥¢C (L'€g) 262 (¢'eg) g¢6'y (L°19) 126y (€29 96/ (6'6Y) 162 WBiamianQ
(0°52) 968 (@'5e) 611 (6'¥2) 89¢ (8'62) 29.'C (G°1€) 266'C (L'62) 62V (L'22) 8.1 ybiem [ewioN
(%) N ‘sani0ba1ed NG
vILF 266 L'LL /6 20LF 1'/6 66 .16 6'6 966 80l ¥ /96 L'0L¥6201 (wo) 1s1eM
Vel F¥'G8 0'€L*268 2L 1Y8 8L ¥97¢8 6LLFEEe8 GZLF2v8 6'CL*G¥8 (6%) wbiam
G'GL ¥ 208 9'LL FG95 Vel F 967 08 F€2S '/ 28 V'€l F GG 00k * /€9 (sreak) aby
8/6'1 605 9/%'1 £/2'6 225'6 ehy'L €8/ N
m.ﬁém:m alY] ul papnjoul uaw jo saljsiialoeieyd auljaseqg
90F¢G G0F 6V I 60F98 /0¥98 0LF6LL GZ0F0Y (steak) awn dn-mojjo4
%.. %2/ %2/ %68 %58 %EY %18 asuodsay
00£'c 26 080'¢ 695'7¢ G69'LC Gr0'e 9ey'L sjuedionied
9002- 1002 2102-0102 8002-900¢2 8002-7002 /002-¥002 1102-8002 0102-2002 poliad
dn-mojjo4
18-02 11-12 v/-G¢ 0/-0¢ G9-G¢ 1/-81 £8-Gp (s1eaf) abue. afy
%69 %81} %/9 %ET %8¢ %19 %%9 asuodsay
80€'y 91€'l 192y 89%'/¢ 0¥4'se vel'l 6.1 sjuedionied
1002-/661 1002-5002 1002-6661 8661-7661 866 766 - 666 -266 9002-2002 poliad
auljaseg
BIURJIBWOG 1S8/\-BInquaos|y U19]S|0H-hImsa|yos elieAeg funquapueig f1ag-Wapnp uspeg [eUONEN 1eyuy-Auoxes a)e]s |eoped
puns[enS/plemsialL :1SemyLIoN |81y :ULION fungsbny :yinos Wweps10d :1seq fiaq|apleH :1S8myIN0s [eUONEN (a[eeg) 9|y 11se3 uoibal Apms
dIHS usandod (v4/¥S) vdOM (rnd) d-01d3 (end) H-O1d3 sH3aa V1dvo

$9IpN}S HOYOD PAAJOAUL BY} JO solsueloeseyo Juedioiped pue Apnig L 314vl

3

Obesity | VOLUME 00 | NUMBER 00 | MONTH 2016

www.obesityjournal.org



Obesity

TABLE 1. (continued).

Socioeconomic Status and Anthropometry Herzog er al.

2
©
.
[0
(&)
C
©
P — O
532885 o~d o
o ® Y o< © o o £
T = o Loy =
C
%) ~ L o o o0 © o ksl
o o< — N~ =1
N - © o < g
2
1)
[0
>
£
[0}
=
=
(&
[0
o
[9)
o
Q
a
c — @ ]
— © g < o [0}
Q OS> < o3
(O] o w2 O = o
oY == = >
~ o™ © W
gl B2es = !
N = ©]
&
.
=
>3
28
C
—_ <
il 58
3 5858 W&mEom |5
N O ol oS — [ BN ) o'a
= codcoc S0 | gc
< 0 0w o © M © D c
o O = — ~ N S c=
o N © ™M™ — < O S 58
< g
=
= O
IS
[l
XD
u 2
—_ n
s 2
P <) Il
2 P NN P) = S
o S5 = & 3
v 0 = D s 2 F
O N oA = 9]
o 2 2 2 g -E(/J
1 — O <t < < [opa
O IS s £¢
= = <
o o < < = 8
w To
()
Lo
c ©
T <
£S
£
—_ [0}
() S5
2 5 © © o 2 Il
- o O N < n>sS
=D = & a
I (V] = U.IDO_
b NI o 2%
o O o< S Lo
o < 0 AN = S
w Ig
C
of
oo
<5
—_—— = |T3
@ O ™ 1O © © © S5
2 < 0B < Tolie =) =)
o o 2dsF |28
m L= N
a 0 O O ~N © o 3 ©
Ngx2 385 |8
24 R
29
80:
= 0
O c
°&
8 c
==~ — — | 3c
j oS 9 © N~ ?°C
— © N N~ W NN ]
i ~ 3TN = TN o9
= 58
S| wg8ey g2y |ic
™ — — AN — AN O_C
=
g
T
29
o>
5%
[
.~ O
= X Q
IS o)
= T O
~ 5 = £0O
E vwew,2522 [3!
» S5 E882EE |8
23888\-@&@ E%
S >mwo . EEE i
FET—g&22 |o5
O — < E* " Il =
Sor-rr~ A8+ =5
= IS =5
] -~ mnZ

Mark (DM) to the Euro (€). Monthly net household income was
categorized as:

e CARLA: low <1,500 €; medium = 1,500 €-2,000 €; high >2,000
€

e DEGS: low <3,000 DM; medium = 3,000 DM-4,000 DM; high
>4,000 DM

e SHIP: low <2,250 DM; medium = 2,250 DM-3,500 DM; high
>3,500 DM

e KORA: low <3,000 DM; medium = 3,000 DM-5,000 DM; high
>5,000 DM.

Statistical approach

Each study performed individual statistical analyses according to a
common plan of analysis. Analyses were done with SAS®, version
9.3 (SAS Inc., Cary, NC). The association between education level
or income categories and annual relative changes in weight or waist
circumference were analyzed by linear regression models. Assump-
tions of linearity were confirmed by visual inspection of the resid-
uals. Associations between changes in anthropometry and education
were adjusted for age and age® (the latter to model non-linear rela-
tions) and those with income were additionally adjusted for educa-
tion years. All analyses were sex-stratified. The results of all studies
were summarized with a meta-analysis approach using Review Man-
ager Version 5.3. (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014). Effect measures were presented as
differences between SES groups in annual relative changes of
anthropometric markers with their 95% confidence intervals (95%
CI). Based on the 1) high heterogeneity in subject characteristics
and measurement of key parameters such as income between
included cohort studies, and 2) to draw inferences about the general
population from which the participants were recruited, the random-
effects model for meta-analyses and calculated Forest plots were
applied.

A sensitivity analysis was carried out to test the robustness of the
findings in those participants free from diseases that potentially
influence body constitution. Therefore, participants with myocardial
infarction, stroke, cancer, diabetes, heart failure, or thyroid disease
at baseline or follow-up were excluded (N =19,932) for sensitivity
analysis.

Results
Study population

Seven German cohort studies with a total of 56,556 participants
(24,584 men and 31,972 women) were included in the present meta-
analysis (Table 1). The mean interval between the baseline and
follow-up examination was 7.2 years with a range from 3.2 years
(PopGen) to 14.1 years (DEGS). The mean age at baseline for men
was 52.9 years (range 18-83 years) and the mean age for women
was 51.3 years (range 18-83 years). Age ranges varied between stud-
ies from the broad spectrum in DEGS (18-77 years) to mostly older
adults in CARLA (45-83 years). The overall proportion of study par-
ticipants with obesity was 20.2% for men—with a range of 15.9%
(PopGen) to 27.3% (CARLA)—and 20.8% for women—with a
range of 14.3% (EPIC-H) to 31.6% (CARLA). About 26.2% of men
with obesity and 33.5% of women with obesity were in the lowest
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TABLE 2 Relative annual anthropometric changes in each study

Men Women
Project N Mean 95% ClI N Mean 95% ClI
Relative annual weight change
CARLA 783 —0.02 —0.11; 0.07 637 0.08 —0.04; 0.20
DEGS 1443 0.26 0.22; 0.29 1546 0.35 0.31; 0.39
EPIC-H 9522 0.12 0.10; 0.14 11352 0.21 0.19; 0.23
EPIC-P 9273 0.19 0.18; 0.21 14793 0.33 0.31; 0.34
PopGen 509 0.37 0.27; 0.47 390 0.43 0.28; 0.58
SHIP 1578 0.39 0.33; 0.46 1688 0.56 0.49; 0.63
KORA 1476 0.33 0.28; 0.37 1566 0.33 0.28; 0.39
Relative annual waist circumference change
CARLA 783 0.30 0.22; 0.37 637 —0.22 —0.34; —0.10
DEGS 1443 0.28 0.24; 0.31 1546 0.50 0.46; 0.54
EPIC-H 8228 0.59 0.56; 0.61 9860 1.01 0.98; 1.04
EPIC-P 9273 0.72 0.70; 0.73 14793 1.10 1.09; 1.12
PopGen 509 0.77 0.65; 0.88 390 1.61 1.44;1.78
SHIP 1578 0.65 0.59; 0.71 1688 1.02 0.96; 1.09
KORA 1476 0.39 0.35; 0.44 1566 0.59 0.53; 0.64

CARLA = CARdiovascular disease, Living and Aging in Halle; Cl = confidence interval; DEGS = German Health Interview and Examination Survey for Adults; EPIC = Euro-
pean Prospective Investigation into Cancer and Nutrition; KORA = Cooperative Health Research in the Region of Augsburg; POPGEN = Population Genetic Biobank;

SHIP = Study of Health in Pomerania.

education level (9 to 10 years of education) and 12.8% of men with
obesity and 9.1% of women with obesity were in the highest educa-
tion level (> 17 years of education).

Change of anthropometric measures

In every individual study, the mean weight increased over the
follow-up time, except for men from the CARLA study, where no
mean weight change was seen (Table 2). The mean annual relative
weight change for all cohort studies was 0.23% (95% CI 0.16; 0.30)
for men and 0.33% (95% CI 0.25; 0.40) for women. Furthermore,
for each study, the mean waist circumference increased over the
study follow-up time, except for women from the CARLA study,
where a slight decrease in mean waist circumference was observed.
The mean annual relative change in waist circumference for all
cohort studies was 0.53% (95% CI 0.38; 0.67) for men and 0.80%
(95% CI 0.57; 1.03) for women.

General association between SES and

change in anthropometric markers

Weight and waist circumference rose in all education and income
categories in women and in all education categories in men (Figures
1 and 2). However, the magnitude of this increase was dependent on
SES, with a greater gain of weight and waist circumference in
groups with lower education or income, respectively.

Association between education and change in anthropometric

markers. The weight increase was strongest in participants with
the lowest education level (level 1: 9-10 years) (Figure 3). Com-
pared to those with the highest education level (level 4: > 17 years),
men in the low education group had a 0.13 percentage points (95%

CI 0.06; 0.20) higher annual increase in weight. The total effect esti-
mate for women with low education was similarly high. Women in
the low education group had a 0.14 percentage points (95% CI 0.09;
0.20) higher annual increase in weight than women with > 17 years
of education. The differences in weight change were less between
the higher education levels. Women with 11-13 years of education
had 0.09 percentage points (95% CI 0.06; 0.12) higher and women
with 14-16 years of education had 0.03 percentage points (95% CI
0.00; 0.06) higher annual increase in weight than those with > 17
years of education. For men, the differences in weight change
between the participants with education levels 2 and 3 compared
with 4 were not significant. The described associations between edu-
cation and change in weight could be confirmed in sensitivity analy-
ses on participants without prevalent diseases (data not shown).

Regarding the association between education and changes in waist
circumference, a similar pattern to weight changes was established.
The relationship was stronger for women than for men. Thus,
women with lowest education level (9-10 years) had 0.14 percentage
points (95% CI 0.05; 0.22) greater annual increase in waist circum-
ference than women with the highest education level (> 17 years),
whereas the annual increase in waist circumference in men with
lower education level was 0.09 percentage points (95% CI 0.01;
0.45) higher than in men with the highest education. Similar results
were seen in the sensitivity analyses on participants without diseases
which increase the risk of obesity (n=36,624). Additionally,
women with 11-13 years of education had a 0.12 percentage points
(95% CI 0.09; 0.15) higher annual increase and those with 14-16
years of education had a 0.06 percentage points (95% CI 0.02; 0.09)
higher annual increase than women with > 17 years of education. In
men without prevalent diseases, there was a difference in change of
weight between the participants in the highest versus lowest level of
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Figure 1 Sex-stratified mean annual relative change of weight (%) according to edu-
cation and income level. *Adjusted for age and age®. **Adjusted for age, age®, and
education. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

education, but there was no education gradient and no stable associ-
ation between education and change of waist circumference.

Association between income and change of anthropometric

markers. Women with low income had a 0.08 percentage points
(95% CI 0.00; 0.15) higher annual increase in weight versus women
with high income (Figure 4). All other comparisons revealed no dif-
ferences in weight change between the participants with different
levels of income. The association between income and change in
waist circumference showed comparable results. Women in the low
income group had a 0.07 percentage points (95% CI 0.00; 0.14)
greater increase in waist circumference than women in the high
income group. All other comparisons revealed no differences in
waist circumference between the participants with different levels of
income. The sensitivity analyses showed no significant association
between income and change in anthropometric markers (data not
shown).

Discussion

Consistent with the literature it can be confirmed that obesity in Ger-
many is inversely associated with SES among women and less con-
sistently in men (1,6). This association is also clearer for education
than for income. Regardless of the level of education, average weight
and waist circumference increased over the follow-up period. Addi-
tionally, in agreement with the results of the methodologically strong-
est studies in the review by Ball and Crawford (2005), the work pre-
sented here supports the hypothesis that a lower level of education is
associated with larger weight gain (1). Men and women with low lev-
els of education (9-10 years) had a 0.1 percentage points greater
annual weight gain than those with the highest level of education
(>17 years). Similarly participants with the lowest level of education
had a 0.1 percentage points larger increase in waist circumference
than participants with the highest levels of education. Arguably, the

overall effect size is probably too small to be of clinical relevance.
There are few data, however, that specify the exact weight and waist
circumference changes deemed clinically significant. It has been
documented that loss or gain of weight equivalent to 25% of body
weight can lead to enhanced morbidity and mortality (25). Compara-
ble to education level, women with a low income had a 0.1 percent-
age points greater increase in weight and a 0.1 percentage points
higher increase in waist circumferences than those with what was
considered high income. Nonetheless, sensitivity analyses for the
association between income and anthropometric changes in women
revealed less stable links for the women without prevalent disease.
This is in accordance with data by Ball and Crawford (1) where
income showed inconsistent results for both men and women. No
connections between income and change in anthropometric markers
for men were found in the current work. A possible explanation for
this lack of association is that the income differences in Germany, at
least for men, are not big enough to show an effect on anthropometric
markers. A study has showed that having an income above or below
the poverty levels, but not income alone was associated with health-
outcomes (26). Also status inconsistency, defined as divergences in
the indicators of SES (education and income) in one person, could
explain this lack of association. It has been reported that in Germany
there is a status inconsistency in terms of higher employment com-
pared to education was more prevalent for men than for women and
the opposite, lower employment compared to education was more
prevalent for women (27). Thus, income may not be a thorough
enough indicator of SES for men in our study.

In order to explain the sex-specificity of the association between SES and
obesity, Pudrovska et al. proposed the combination of two mechanisms:
first, the obesogenic effect of socioeconomic disadvantage and second,
the SES-impeding effect of obesity (28). Body mass and SES are simulta-
neously antecedents and consequences of each other over the life course
via mutually reinforcing patterns of effects (28). The stronger SES gradi-
ent in anthropometric markers or change in anthropometric markers seen
in women could be partially explained by weight-based stigma,
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Figure 2 Sex-stratified mean annual relative change of waist circumference (%)
according to education and income level sex-stratified. *Adjusted for age and age®.
“*Adjusted for age, age?, and education. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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Figure 3 Sex-stratified forest plot for differences among education levels in annual relative weight and waist circumference
changes. Reference group was education level 4 (> 17 years of education). A value of O means no difference in anthropomet-
ric changes between education groups; positive values mean that participants with education level 1 or 2 have more gain
than those in the reference group; and negative values that participants in the reference group have more gain than those at
level 1 or 2. Cl = confidence interval; /> = measure of heterogeneity (percentage of variance in a meta-analysis that is attribut-

able to study heterogeneity).

discrimination, and social pressure, whereas a large body size in men
could be valuated as an indication of power and dominance (6,28). It is
suggested that understanding the social distribution of obesity would be
enriched by considering obesity as potentially both a consequence and a
cause of social status (29).

The principal strength of the present study is the large number of
participants, an outcome of the cooperation of seven cohort studies
with highly standardized data collection and methods. The use of
two measures of obesity (weight and waist circumference) and two
measures of SES (education and income) allows us to strengthen the
results. Additionally, statistical analyses were performed according
to a common plan of analysis. This meta-analysis offers the opportu-
nity to compile data from relevant population-based prospective
studies conducted during the past decade and representing most
regions in Germany. On the other hand, several potential sources of
heterogeneity should be noted. First, the age of the participants var-
ied greatly between the cohorts. It is well known that younger adults
have a larger weight gain that diminishes with age while older par-
ticipants lose weight (30). In order to correct for the confounding
effect of age, age, and age® were adjusted, yet there may be residual
confounding. Thus, further studies should be done to examine the
possible variability in the association of SES and obesity among var-
ious age groups. A second limitation is the use of slightly different
sampling procedures between the studies, i.e., PopGen had a con-
venience sample and not a random sample as all other studies. The

use of cohorts with variable sampling and response rates might have
an impact on the generalizability of the findings as non-responders
are more likely to be from the low SES group. However, influence
of low response on generalizability of effects in cohort studies is
controversially discussed (31,32). Another limitation might be the
different follow-up intervals between the studies. The mean interval
between the baseline and follow-up examination was 7.2 years with
a range from 3.2 years (PopGen) to 14.1 years (DEGS). To mini-
mize these differences, the relative change of anthropometric
markers per year was calculated, however presupposing a linear
change. These limitations corresponding with time factors or differ-
ences between the measurement methods could influence the results
of change in anthropometric markers but should not affect their asso-
ciations with SES. With this, the relatively low participation rate in
a number of cohort studies might potentially cause selection bias.

Despite the identified limitations, an inverse association in women
between SES and the change in anthropometric markers and in men
between education and changes in anthropometric markers has been
identified. It seems obvious that SES has a lifelong impact on
anthropometric markers and their change. The socioeconomic gradi-
ent is consistently greater for women than for men and education
level is a more stable influential factor than income. A gain in
weight is accelerated in individuals of low SES and this is likely to
further affect the already existing health inequalities for obesity-
related chronic conditions. Consequently, this work aligns with
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Figure 4 Sex-stratified forest plot for differences among income groups in annual relative weight and waist circumference
changes. Reference group was income level 3 (high income). A value of 0 means no difference in anthropometric changes
between income groups; positive values mean that participants with income level 1 or 2 have more gain than those in the ref-
erence group; and negative values that participants in the reference group have more gain than those at level 1 or 2.
Cl = confidence interval; /> = measure of heterogeneity (percentage of variance in a meta-analysis that is attributable to study

heterogeneity.)

previous studies in that stronger preventive efforts are required, 2.
especially for the socioeconomically disadvantaged. Nonetheless,
here, on average, all people regardless of their educational level 5
gained weight and increased their waist circumference.

Conclusion

Ultimately, these results highlight the need for stratifying weight

trends by SES in order to develop more effective preventive meas- 6.
ures. The focus should be on the development of interventions for 7.
socially disadvantaged people, but not to the exclusion of other SES
groups. The knowledge of education being a stable influencing fac-
tor may allow for the development of differentiated individual health
programs to stop the rising trend of obesity.O 9.

© 2016 The Obesity Society

References

1. Ball K, Crawford D. Socioeconomic status and weight change in adults: a review. 1
Soc Sci Med 2005;60:1987-2010.

—_

10.

Ng M, Fleming T, Robinson M, et al. Global, regional, and national prevalence of
overweight and obesity in children and adults during 1980-2013: a systematic
analysis for the Global Burden of Disease Study 2013. Lancet 2014;384:766-781.
Lim SS, Vos T, Flaxman AD, et al. A comparative risk assessment of burden of
disease and injury attributable to 67 risk factors and risk factor clusters in 21
regions, 1990-2010: a systematic analysis for the Global Burden of Disease Study
2010. Lancet 2012;380:2224-2260.

Keating C, Backholer K, Peeters A. Prevalence of overweight and obesity in
children and adults. Lancet 2014;384:2107-2108.

Devaux M, Sassi F. Social inequalities in obesity and overweight in 11 OECD
countries. Eur J Public Health 2013;23:464-469.

McLaren L. Socioeconomic status and obesity. Epidemiol Rev 2007;29:29-48.
Rokholm B, Baker JL, Sorensen TI. The levelling off of the obesity epidemic since
the year 1999—a review of evidence and perspectives. Obes Rev 2010;11:835-846.
Dugravot A, Sabia S, Stringhini S, et al. Do socioeconomic factors shape weight
and obesity trajectories over the transition from midlife to old age? Results from
the French GAZEL cohort study. Am J Clin Nutr 2010;92:16-23.

Loman T, Lallukka T, Laaksonen M, Rahkonen O, Lahelma E. Multiple
socioeconomic determinants of weight gain: the Helsinki Health Study. BMC Public
Health 2013;13:259.

Guerra F, Stringhini S, Vollenweider P, Waeber G, Marques-Vidal P. Socio-
demographic and behavioural determinants of weight gain in the Swiss population.
BMC Public Health 2015;15:73.

. Pouliot MC, Despres JP, Lemieux S, et al. Waist circumference and abdominal

sagittal diameter: best simple anthropometric indexes of abdominal visceral adipose

8 Obesity | VOLUME 00 | NUMBER 00 | MONTH 2016

www.obesityjournal.org



Original Article

EPIDEMIOLOGY/GENETICS

13.

16.

17.

18.

20.

2

—_

tissue accumulation and related cardiovascular risk in men and women. Am J
Cardiol 1994;73:460-463.

. Yun CH, Bezerra HG, Wu TH, et al. The normal limits, subclinical significance,

related metabolic derangements and distinct biological effects of body site-specific
adiposity in relatively healthy population. PLoS One 2013;8:e61997.

De LE, Cote J, Gilbert G, et al. Visceral/epicardial adiposity in nonobese and
apparently healthy young adults: association with the cardiometabolic profile.
Atherosclerosis 2014;234:23-29.

. Boeing H, Korfmann A, Bergmann MM. Recruitment procedures of EPIC-

Germany. European Investigation into Cancer and Nutrition. Ann Nutr Metab 1999;
43:205-215.

. Greiser KH, Kluttig A, Schumann B, et al. Cardiovascular disease, risk factors and

heart rate variability in the elderly general population: design and objectives of the
CARdiovascular disease, Living and Ageing in Halle (CARLA) Study. BMC
Cardiovasc Disord 2005;5:33.

Haerting J, Kluttig A, Greiser KH, Nuding S, Werdan K. [A cohort study
investigating risk factors for cardiovascular disease in an urban elderly East-German
population (CARLA  study)]. Bundesgesundheitsblatt ~ Gesundheitsforschung
Gesundheitsschutz 2012;55:795-800.

Holle R, Happich M, Lowel H, Wichmann HE. KORA—a research platform for
population based health research. Gesundheitswesen 2005;67:S19-S25. Aug;

John U, Greiner B, Hensel E, et al. Study of Health In Pomerania (SHIP): a health
examination survey in an east German region: objectives and design. Soz
Praventivmed 2001;46:186-194.

. Nothlings U, Krawczak M. [PopGen. A population-based biobank with prospective follow-

up of a control group]. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz
2012;55:831-835.

Scheidt-Nave C, Kamtsiuris P, Gosswald A, et al. German health interview and

examination survey for adults (DEGS)—design, objectives and implementation of
the first data collection wave. BMC Public Health 2012;12:730.

. Volzke H. [Study of Health in Pomerania (SHIP). Concept, design and selected

results]. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz 2012;55:
790-794.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Obesity

WHO World Health Organisation. Obesity: Preventing and Managing the Global
Epidemic. Report of a WHO Consultation. WHO Technical Report Series. Geneva:
World Health Organization; 2000. Report No.: 894.

Kuntz B, Lampert T. Socioeconomic factors and obesity. Dtsch Arztebl Int 2010;
107:517-522.

Schneider SL. Applying the ISCED-97 to the German educational qualifications. In:
Schneider SL, editor. The International Standard Classification of Education
(ISCED-97). An Evaluation of Content and Criterion Validity for 15 European
Countries. Mannheim: MZES; 2008. p. 76-102.

Goldenberg K. Weight change. In: Walker HK, Hall WD, Hurst JW, editors.
Clinical Methods: The History, Physical and Laboratory Examinations, 3rd ed.
Boston: Butterworths; 1990. p. 939-943.

Alley DE, Seeman TE, Ki KJ, Karlamangla A, Hu P, Crimmins EM.
Socioeconomic status and C-reactive protein levels in the US population: NHANES
IV. Brain Behav Immun 2006;20:498-504.

Braig S, Peter R, Nagel G, Hermann S, Rohrmann S, Linseisen J. The impact of
social status inconsistency on cardiovascular risk factors, myocardial infarction and
stroke in the EPIC-Heidelberg cohort. BMC Public Health 2011;11:104.

Pudrovska T, Reither EN, Logan ES, Sherman-Wilkins KJ. Gender and reinforcing
associations between socioeconomic disadvantage and body mass over the life
course. J Health Soc Behav 2014;55:283-301.

Jeffery RW, Forster JL, Folsom AR, Luepker RV, Jacobs DR Jr, Blackburn H. The
relationship between social status and body mass index in the Minnesota Heart
Health Program. Int J Obes 1989;13:59-67.

Truesdale KP, Stevens J, Lewis CE, Schreiner PJ, Loria CM, Cai J. Changes in risk
factors for cardiovascular disease by baseline weight status in young adults who
maintain or gain weight over 15 years: the CARDIA study. Int J Obes (Lond) 2006;
30:1397-1407.

Jockel KH, Stang A. Cohort studies with low baseline response may not be
generalisable to populations with different exposure distributions. Eur J Epidemiol
2013;28:223-227.

Manolio TA, Weis BK, Cowie CC, et al. New models for large prospective studies:
is there a better way? Am J Epidemiol 2012;175:859-866.

www.obesityjournal.org

Obesity | VOLUME 00 | NUMBER 00 | MONTH 2016 9



	l

