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Lihavuus on yhdistetty matala-asteiseen systeemiseen tulehdukseen ja on ehdotettu, ettd kohonneet
tulehdusmerkkiaineiden pitoisuudet voisivat ennustaa yksildn painon nousua tulevaisuudessa. Taman
tutkimuksen tarkoituksena oli tutkia herkan C-reaktiivisen proteiinin (hs-CRP) yhteyttd painon ja
vyotaronymparyksen muutokseen 11 vuoden seurannassa.

Tutkimuksen aineistona kaytettiin Terveyden ja hyvinvoinnin laitoksen Terveys 2000- ja Terveys 2011-
tutkimuksissa kerdd@maa ainestoa, johon on keratty laajasti tietoja suomalaisten aikuisten terveydentilasta.
Tutkimukseen otettiin mukaan yhteensa 3143 osallistujaa, jotka olivat tutkimuksen alkupisteessa 30-75-
vuotiaita, joiden hs-CRP oli mitattu alkupisteessa ja joiden paino ja pituus oli mitattu koulutetun sairaanhoitajan
toimesta molemmissa aikapisteissa. Hs-CRP:n ja painon ja vy6taronymparyksen muutoksen valista yhteytta
analysoitiin kayttamalld multinomaalista logistista regressioanalyysia, jossa huomioitiin sosiodemografiset
tekijat (ika, sukupuoli, siviilisaaty ja koulutustaso), elamantapatekijat (tupakointi, alkoholinkayttd, vapaa-ajan
aktiivisuus, istuminen, uni ja psyykkinen stressi) ja alkupisteen painoindeksi ja vy6tarénymparys.

Hs-CRP ei ollut yhteydessa painon nousuun (= 5 %), kun analyysi vakioitiin potentiaalisilla sekoittavilla tekijoilla
(OR 0.99, 95 % CI 0.96-1.01), verrattuna painonsa sailyttaneisiin osallistujiin (muutos pienempi kuin + 5 %).
Korkeampi alkupisteen hs-CRP oli kuitenkin yhteydessé painon laskuun (= -5 %) vakioimattomassa mallissa
(OR 1.03 (1.01-1.05)), mutta yhteytys havisi, kun malliin lisatiin potentiaaliset sekoittavat tekijat (OR 1.01 (0.99-
1.03)). Hs-CRP:n ja vyoétaronymparyksen muutoksen valilla ei havaittu yhteytta.

Hs-CRP ei ollut yhteydessa tulevaisuuden painon tai vyétaronymparyksen muutoksiin aikuisilla. Tama tulos
viittaa siihen, ettéd hs-CRP:n konsentraatio ei ennusta tulevaa painonnousua.

Avainsanat: Lihavuus, ylipaino, C-reaktiivinen proteiini, painon muutos

Taman julkaisun alkuperaisyys on tarkastettu Turnitin OriginalityCheck —ohjelmalla.
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1 ABSTRACT

1.1 Background

Obesity is associated with low-grade systemic inflammation, and it has been suggested that increased
inflammation markers could predict future weight gain. Our aim was to investigate the associations of high-
sensitivity C-reactive protein (hs-CRP) concentration with changes in weight and waist circumference in adults

during 11 years of follow-up.

1.2 Methods

We used data from the Health 2000 and Health 2011 surveys consisting of a population-based sample of
Finnish adults. We included those 3 143 participants, aged 30-75 years at baseline, whose baseline hs-CRP
was measured, and who had information on measured weight and height at both time points. Associations
between baseline hs-CRP and changes in weight and waist circumference were analyzed using multinomial
logistic regression, adjusted for sociodemographic factors (age, sex, marital status and educational status),
lifestyle factors (smoking, alcohol consumption, leisure-time physical activity, sitting time, sleeping time and

psychological distress), and baseline values of BMI and waist circumference.

1.3 Results

Hs-CRP was not associated with weight gain (= 5%) when adjusted for potential confounders (OR 0.99, 95%
Cl1 0.96-1.01), compared to stable weight (change less than + 5%). Higher baseline hs-CRP was associated
with decrease in weight (< -5%) in the unadjusted (OR 1.03, 1.01-1.05), but not in the adjusted (OR 1.01, 0.99-

1.03) model. No association was observed between hs-CRP and waist circumference.

1.4 Conclusions

Hs-CRP was not associated with future changes in weight or waist circumference in adults. These findings

suggest that hs-CRP concentration does not predict future weight gain.



2 INTRODUCTION

Overweight and obesity are a growing global public health problem. According to the WHO's estimates, 39%
of adults aged 18 years and older had overweight (BMI 25.0-29.9 kg/m2) and 13% had obesity (BMI = 30
kg/m?) in the year 2016 (1). The problem is more common in the higher-income countries, but it is continuously
increasing in other parts of the world. (2,3) In Finland, every fourth adult had obesity and almost half of the
adults had central obesity in the year 2017 (4).

Obesity is a risk factor for many chronic diseases, such as cardiovascular diseases, type 2 diabetes,
musculoskeletal disorders, chronic kidney disease and some cancers, and it is associated with increased risk
of premature mortality (5-8). Obesity is also related to higher risk of mental health problems and lower health-

related quality of life (9-11).

Maijor risk factors of obesity, such as genetics, high energy diet, physical inactivity and limited amount of sleep,
are well known (12-15). Furthermore, factors like low socioeconomic status, depression and stress are

associated with increased risk of obesity (16-18).

In cross-sectional studies, persons with obesity have shown to have increased concentrations of inflammation
markers, such as high-sensitivity C-reactive protein (hs-CRP), compared to persons with normal weight (19-
21). It is hypothesized that increased amount of adipose tissue is the cause of the systemic inflammation
(22,23). On the other hand, some longitudinal studies have suggested that elevated inflammation markers are
associated with future weight gain (24,25). These results raise the question of whether low-grade systemic
inflammation could be a risk factor for obesity, not only a consequence of it. Further, in some studies an
association between higher levels of inflammation markers and weight gain has been seen particularly among

those who had recently stopped smoking (25,26).

The aim of the present study was to investigate the associations of hs-CRP concentration with future weight
and waist circumference changes in adults during an 11-year follow-up period. We included in the statistical
models a wide range of health-related and behavioral factors, such as smoking, leisure time physical activity,
alcohol consumption, sleeping and psychological distress, which could confound the association between hs-

CRP concentration and changes in weight and waist circumference.

3 MATERIALS AND METHODS

This study is based on the Health 2000 and Health 2011 surveys conducted in Finland between 2000 and
2011 (27,28). For the Health 2000 survey, a sample representing the Finnish adult population living in mainland
Finland was drawn from the Finnish Population Registry using a two-stage stratified sampling. The sample
comprised 9 922 persons aged 18 or over, of whom 8 028 were at least 30 years old. The survey was carried

out in 80 study areas all over the country and a total of 84% of the sample aged 30 or over participated in a



health examination. All members of the Health 2000 sample who were not dead or, living abroad, and had not
refused further studies, were invited to the Health 2011 survey (n=8 135) and 59% of them participated in a

health examination.

In the present study, we included those participants of the Health 2000/2011, who had taken part in both
surveys, whose baseline hs-CRP concentration was measured in 2000, and who had measured weight and
height information at both time points (Figure 1). We excluded participants who were older than 75 years in
2000, or pregnant in 2000 or 2011. The final data consisted of 3 143 participants. Among these persons, 3 124

had waist circumference information available at both time points.

The main exposure in this study was hs-CRP. The concentration of hs-CRP was measured from blood samples
taken at the baseline health examination in 2000. Serum samples were frozen to

-70°C, and hs-CRP was determined in 2003 by an immunoturbidimetric test in the Biochemistry Laboratory,
THL. Details of the laboratory procedures have been presented in a previous study (29). The analytical
sensitivity of the test was 0.2 mg/l, while the data also included hs-CRP values, which were under 0.2 mg/l. In
the statistical analyses, we assumed that these values are divided normally around 0.1 mg/l, and all the values

under 0.2 mg/l in the data were replaced by the value of 0.1 mg/I.

The main outcome measures were change in weight (kg) and change in waist circumference (cm).
Participants® weight, height and waist circumference were measured by trained study nurses in the health
examinations in 2000 and 2011. Height was measured without socks using a wall-mounted stadiometer and
was recorded to an accuracy of 0.5 cm. Weight was measured using a bioimpedance device’s scale, or during
a home-visit, using a digital scale. Weight was recorded to an accuracy of 0.1 kg. BMI was calculated as body
weight divided by the squared value of body height (kg/m?2). Waist circumference was measured in standing
position, with the legs slightly apart and during light expiration, using a regular, flexible tailor's measuring tape.
The measurement was performed at the mid-point between the lowest rib bones and the highest point of iliac

crest and was recorded to an accuracy of 0.5 cm.

Changes of weight and waist circumference were calculated as the difference in the respective values between
the two time points, and the differences were presented as percentage of the baseline value. These variables
were categorized into three categories for the statistical analyses, as follows: Weight change: weight loss (x <
-5%), stable weight (-5% < x < 5%) and weight gain (x =2 5%). Waist circumference: decrease (x < -5%), stable
(-5% < x < 5%) and increase (x = 5%). For the descriptive analysis, BMI was categorized into five categories
(underweight (< 18.5 kg/m2), normal (18.5-24.9 kg/mZ2), overweight (25.0-29.9 kg/m2), obese (30.0-34.9 kg/m2),
severely obese (= 35.0 kg/m2)) (30), and waist circumference into two categories (normal (men < 100 cm,

women < 90 cm), central obesity (men > 100 cm, women > 90 cm)) (31).

The following factors were considered as potential confounders: sociodemographic factors (age, sex, marital
status, educational status), lifestyle factors (smoking, alcohol consumption, leisure-time physical activity, sitting

time, sleeping time, psychological distress). Age and sex were obtained from the Finnish population register,



while the other information was collected through the Health 2000/Health 2011 interviews and questionnaires.
Self-reported marital status was recategorized into two categories (married or cohabiting; never married,
divorced or widowed) and educational status was used as a three-category variable (basic, intermediate, high).
Participants were categorized into four categories by smoking status (daily, occasionally, ex-smoker, never
smoker) and into three categories by the weekly alcohol intake (no use, moderate use (100% ethanol; women
< 70g, men < 140q), risk use (women = 70g, men = 140g)). Leisure-time activity was recategorized into low
(reading, watching TV or working in the household without much physical activity), moderate (walking, cycling,
or other light exercise at least four hours per week), and high (fitness training, intense training or sports
competitions for at least three hours a week). Time of sitting in hours per day was used as a continuous
variable, because there is no consensus on a cut off point for an amount of sitting that is harmful to health.
Sleeping time was categorized into three categories (short (< 6h), recommended (6-9h), excessive (>9h)) and
the General Health Questionnaire (GHQ-12) score was categorized into two groups (<3 points, 23 points)

describing psychological distress (32).

The data were described by mean values and standard deviations (continuous variables) and frequencies
(categorical variables). Hs-CRP concentrations were presented as median and interquartile range, because of
skewed distribution. The baseline characteristics of participants and non-participants (persons who had hs-
CRP, weight and height measured in 2000 but did not have information of weight and height in 2011 available,
persons who were more than 75 years old in 2000, and persons who were pregnant in 2000 or 2011 (n=1 960))
were compared by using Chi-square, ANOVA and Kruskal-Wallis tests. Changes in weight and waist
circumference in men and women were presented as mean values and standard deviations, and as
frequencies, and compared by T-test and Chi-square test, respectively. Associations of the main exposure
(hs-CRP) and outcome variables (changes in weight and waist circumference) with covariates (potential
confounders) were tested by using Pearson’s and Spearman’s correlation coefficient, Chi-square, ANOVA
and Kruskal-Wallis tests. The associations of hs-CRP with changes in weight and waist circumference were
examined using two multinominal logistic regression analyses. In the first one, the dependent variable was the
categorized weight change and in the other one, it was the categorized waist circumference change. The
category of stable weight or waist circumference, respectively, was used as the reference group. In both
multinominal regression analyses, four different models were applied; unadjusted, adjusted for age and sex,
adjusted for all sociodemographic factors and lifestyle factors, and adjusted additionally for the baseline BMI
or waist circumference, respectively. These multinominal regression analyses were also run separately for

men and women.

Potential effect modification by smoking on the association between hs-CRP and weight change was
investigated as follows. First, we added an interaction term between smoking and hs-CRP to the main
multinomial regression model and assessed the statistical significance of the interaction term. Second, we
created a new smoking variable, which takes into account the smoking status also at the follow-up. The
smoking status was categorized as follows: smoker (smoker at both baseline and follow-up, n=471), ex-smoker

at baseline (n=685), new quitter (smoker at baseline and ex-smoker at follow-up, n=249), and never smoker



(n=1 565). We then ran multinominal logistic regression analyses with the categorized weight change as the

outcome variable in each smoking category separately.

In addition, we made the following additional and sensitivity analyses. To ensure that using hs-CRP as
categorized vs. continuous variable did not affect the main results, multinominal regression analyses were re-
ran with a categorical hs-CRP variable. Hs-CRP was categorized into quarters (Q1: <0.25 mg/l, Q2: 0.25-0.64,
Q3: 0.65-1.62, Q4: > 1.62) and the upper three quarters were compared to lowest one (Q1). We also divided
participants into two groups according to the average (hs-CRP < 1 mg/I versus hs-CRP = 1 mg/l) and high (hs-
CRP = 3 mg/l versus hs-CRP > 3mg/l) cardiovascular disease risk thresholds defined by the American Heart
Association (AHA), and re-ran the multinominal logistic regression analyses using the respective lower
category as the reference group (33). Further, we ran linear regression analyses, where both the exposure
(hs-CRP) and the outcome (change in weight (%) or change in waist circumference (%)) were modeled as
continuous variables. Because the risk of diseases that could lead to weight loss increases with age, we also
tested the interaction between age and hs-CRP in relation to weight change in two different ways: using age

as a continuous variable, and using age as a binary variable based on median (< 48 years versus > 49 years).

A sensitivity analysis was performed to ensure that acute inflammation did not affect the main results. This
was done by excluding from the main analysis all participants with a baseline hs-CRP = 10 mg/I (n=67), which
is considered as an indicator of acute inflammation process. We also carried out a sensitivity analysis that
excluded participants with cancer in active treatment, diagnosis of diabetes and treatment of CVD within a
year (myocardial infarction, coronary artery disease, cardiac failure or arterial hypertension) in 2000 or 2011
(n=1000). Finally, we made two separate multinomial logistic regression models, to see whether a) excluding
leisure time physical activity and sitting time from the covariates, b) adding fasting insulin value at baseline as

a covariate, would affect the main results.

All analyses were conducted using the IBM SPSS Statistics 26 software and all the P-values were compared

to a significance level of 5%.

The Health 2000 Survey was approved by the Ethical Committee for Research in Epidemiology and Public
Health, and the Health 2011 Survey by the Coordinating Ethics Committee at the Hospital District of Helsinki

and Uusimaa (HUS). Written informed consent was obtained from all the participants.

4 RESULTS

At baseline, the mean age was 48 years and 54% of the participants were women (Table 1). In all, 60% of the
participants had overweight (BMI = 25 kg/m?) and 35% had central obesity (waist circumference in men > 100
cm, in women > 90 cm). A higher percentage of men had overweight than women (66% vs 55%), while there

was no difference in the prevalence of central obesity between men and women. The median hs-CRP



concentration was 0.64 mg/l (IQR 1.38) among all participants, with no statistically significant difference

between men and women (Table 2).

Compared to the participants, the non-participants were older and more often never married, divorced or
widowed, and less educated, and had in general unhealthier lifestyles (Table 1). They also had higher hs-CRP,

BMI, and prevalence of central obesity at baseline.

At baseline, hs-CRP concentration had a statistically significant correlation with BMI (r=0.424, p<0.001).
Baseline hs-CRP values were higher in participants with overweight (Md 0.7 mg/I (IQR 1.3)), obesity (1.3 (2.2))
or severe obesity (2.7 (3.9)), compared to participants with normal weight (0.3 (0.7)). Hs-CRP concentration
correlated also with waist circumference (r=0.397, p<0.001) and participants, who had central obesity (1.3
(IQR 2.2)) had higher hs-CRP compared to participants who did not (0.4 (1.0)). In addition, higher hs-CRP was

associated with lower educational status and with leisure time inactivity.

Mean weight change over the 11 years follow-up was +2.6% (+1.8 kg) of the baseline weight and the respective
change in waist circumference was +3.0% (+2.5 cm) (Table 2). Changes of weight and waist circumference
were significantly higher in women compared to men. A higher proportion of women gained weight and

increased waist circumference by 5% or more, while men were more likely to remain stable weight.

Table 3 shows odds ratios for the associations of baseline hs-CRP with changes in weight or in waist
circumference, compared to stable weight or stable waist circumference, respectively. Hs-CRP was not
associated with weight gain in the unadjusted model (OR 0.99, 95% CI 0.96-1.01), nor in the adjusted model
(0.99, 0.96-1.01). Higher hs-CRP was associated with higher odds of losing weight in the unadjusted analysis
(OR 1.03, 1.01-1.05). This association was slightly weaker after adjusting for sociodemographic and lifestyle
factors (1.02, 1.00-1.04), and no longer significant after further adjusting for baseline BMI (OR 1.01, 0.99-1.03).
Hs-CRP was not associated with increase (adjusted OR 1.01, 0.99-1.03) or decrease (adjusted OR 0.98, 0.95-

1.01) in waist circumference. These results were similar in men and in women.

There was no statistically significant interaction between smoking at baseline and hs-CRP in relation to weight
change during the follow-up period in the adjusted multinomial regression model (p=0.740). There was neither
significant association between hs-CRP and weight change in the adjusted models run separately among

smokers, ex-smokers at baseline, new quitters and never smokers.

The results received when using hs-CRP categorized into quarters were similar to the results with a continuous
hs-CRP variable, with one exception: The highest hs-CRP quarter (Q4: > 1.62) was associated with higher
odds of decrease in waist circumference; however, this association disappeared after the adjustments
(Supplementary Table 1). Using sex-specific hs-CRP quartiles produced similar results. The results received
when using hs-CRP dichotomized according to the AHA thresholds were similar to the results with a continuous
hs-CRP variable, and the results received from the linear regression analyses using weight change (%) and

waist circumference change (%) as continuous variables were consistent with the results from the multinomial



logistic regression. There was no significant interaction between age and hs-CRP in relation to weight change

during the follow-up period, whether using age as a continuous (p=0,741) or a categorized variable (p=0.415).

The exclusion of participants with hs-CRP = 10 mg/I (n=67) or the exclusion of participants with cancer in active
treatment, diagnosis of diabetes and treatment of CVD within a year in both timepoints (n=1 000) did not affect
the results of main analyses. Finally, excluding leisure time physical activity and sitting time from, or adding

fasting insulin at baseline to the multinomial logistic regression model did not affect the results.

5 DISCUSSION

We studied changes in measured weight and waist circumference among more than 3 000 Finnish adults, and
across 11 years. Hs-CRP concentration at baseline was not associated with future weight gain. Participants,
who lost at least 5% of their weight were more likely to have higher hs-CRP concentration, compared to those
with stable weight. However, this association was explained by other factors, by higher baseline BMI in

particular. Hs-CRP was not associated with change in waist circumference.

Several studies have shown that obesity leads to low-grade systemic inflammation (19-21). Excess adipose
tissue creates a proinflammatory condition, increasing the production of proinflammatory cytokines, which
induces a chronic low-grade systemic metabolic inflammation, indicated by increased inflammation factor
levels, such as hs-CRP. (22,23) It has been suggested that this chronic low-grade systemic metabolic
inflammation could also lead to future weight gain (24,25).

However, previous epidemiological evidence on hs-CRP and weight gain is limited and contradictory. The few
existing studies have reported similar and contradictory results to ours. The results of a Finnish population-
based study on associations of several inflammation markers including hs-CRP with future weight gain (self-
reported weight) during a 7-year follow-up among 25-75 years old adults (n=3 369) are consistent with ours,
such that no associations between hs-CRP and obesity indicators were observed after adjusting for baseline
BMI (34). On the contrary, in a study from the US (n=3 254), higher baseline CRP concentration was
associated with both weight loss and weight gain. In addition, higher baseline white blood cell count was
associated with weight loss, and higher baseline fibrinogen and factor Vllic values were associated with weight
gain. However, the follow-up time of this study was only three years, and the participants were all at least 65
years old. (35)

In two studies, the association between higher levels of inflammation markers and weight gain was seen
particularly among those who had recently stopped smoking, as follows. In a German study with 25-75-year-
old participants (n= 2 792), higher baseline CRP concentration, fibrinogen and leukocytes were associated
with weight gain during a 10-year follow-up. These associations were strongest among persons who quit
smoking during the follow-up. No associations were observed between the inflammation markers and weight
loss or changes in waist circumference in that study. (25) CRP was not included in a US study with a 3-year

follow-up of 45-64-year-old individuals (n= 11 687), however, higher baseline levels of fibrinogen and



leukocytes were associated with higher weight gain particularly among those who recently had quit smoking
(26). Our results do not confirm the findings from these two previous studies, but are in line with another Finnish

study where smoking status did not affect the association between hs-CRP and weight change (34).

The present study has several strengths. First, the study population was large and we included only
participants whose weight, height and waist circumference were measured by trained nurses, to avoid bias
caused by underreporting of weight (36). A clinically significant weight change was defined as at least 5%
decrease or increase in weight, in accordance with several previous studies showing that weight loss of only
5% may bring beneficial changes in metabolism (37-39). Further, change in waist circumference was used as
another outcome to assess changes in central obesity. Central obesity is an independent health risk, because
visceral fat gathered around the internal organs in the abdominal cavity is more metabolically active than fat
in other parts of the body (40). Also, we made several additional and sensitivity analyses to exclude that our

methodological choices would explain the results.

Our study also has certain limitations. First, we only used one inflammation marker, hs-CRP, to assess low-
grade inflammation. However, hs-CRP is widely used in inflammation diagnostics, and it has been shown that
people with obesity have higher hs-CRP levels on average than persons with normal weight (19,21,41). The
very question in the present study was whether higher hs-CRP levels could predict future weight gain. Another
limitation is that our data did not include information about whether a change in weight or waist circumference
was intentional, nor about how much of the change occurred in fat versus muscle tissue. The weight and waist
circumference were measured also only twice, and we did not have information about the participants’ weight
development between the two time points, nor earlier in their lives. Finally, the follow-up period was relatively
long, 11 years, with no measurement points in between. It is possible that hs-CRP is associated with weight

changes in shorter term, which could remain unobserved in the present study.

The original Health 2000 sample represents the Finnish adult population. The non-participant analysis showed
that the participants were younger, higher educated and had healthier lifestyles than the non-participants. In
addition, overweight and central obesity at the baseline were less common, and the hs-CRP concentration
was lower among the participants. Therefore, persons included in the present analyses might be healthier than
the general population, and it could be more difficult to observe an association between hs-CRP and changes

in weight.

In conclusion, hs-CRP did not independently predict future weight gain or change in waist circumference during

an 11-year follow-up among Finnish adults older than 30 years at the baseline.
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9 TABLES AND FIGURES

9.1 Figure 1

Sample of Health 2000 Survey
n=8 028

Not participated in 2000 / Missing values of hs-CRP,
measured height or weight
n=2 925

Baseline sample with values of hs-CRP, measured height and weight
in 2000
n=5 103

Losses during follow-up
n=668

Participated in Health 2011 Survey
n=4 435

Missing values of measured height and weight
n=1 232

Participants with values of measured height and weight in 2011
n=3 203

Excluded n=60
Age over 75 years in 2000 (n=47)
Pregnant women in 2000 and 2011 (n=13)

Analytical sample
with hs-CRP at baseline and measured height and weight
at both timepoints
n=3 143

Participants‘ selection process and number of exclusions.
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9.2 Table 1

Baseline characteristics of the participants and non-participants in the study.

Non-participants® n= 1 960

Participants n=3 143 p-value
Demographics
Age (years) 48.2 (11.3) 57.7 (17.5) <0.001
Sex (%) 0.537
Man 45.6 46.5
Woman 54.4 53.5
Marital status (%) <0.001
Married or cohabiting 77.0 61.1
Never-married, divorced or widowed 23.0 38.9
Educational status (%) <0.001
Basic 291 51.4
Intermediate 35.6 28.4
High 35.3 20.2
Physical attributes
hs-CRP concentration (mg/l) 0.64 (1.38) 0.96 (2.34) <0.001
Weight (kg) 76.5 (15.1) 76.4 (16.0) 0.757
Height (cm) 169.3 (9.4) 166.7 (10.2) <0.001
BMI (kg/mz) 26.6 (4.4) 27.4 (4.9) <0.001
BMI category (%) <0.001
Underweight (<18.5) 0.5 0.8
Normal (18.5-24.9) 39.6 31.9
Overweight (25.0-29.9) 39.5 421
Obese (30.0-34.9) 15.9 18.5
Severely obese (=35.0) 45 6.6
Waist Circumference (cm) 91.3(12.9) 94.3 (13.5) <0.001
Central obesity (men WC > 100, women WC > 90) (%) 34.8 45.0 <0.001
Lifestyle factors
Smoking status (%) <0.001
Daily 20.1 24.8
Occasional 4.7 3.3
Ex-smoker 21.9 21.8
Never-smoker 53.3 50.1
Leisure-time activity (%) <0.001
Low 22.6 34.1
Moderate 55.8 52.9
High 21.6 13.0
Alcohol consumption (%) <0.001
No alcohol 24.9 411
Moderate use (women <20/day, men <40g/day) 66.8 50.1
Risk use (women =20g/day, men =40g/day) 8.3 8.8
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Sleep, h/night (%) <0.001

<6 2.9 4.7

6-9 94.9 90.6

>9 2.2 4.7
Sitting time (h/day) 5.6 (3.2) 5.4 (3.0) 0.002
Psychological distress, GHQ = 3 (%) 16.9 21.8 <0.001

Health

Diabetes mellitus (diagnosed) (%) 3.1 8.4 <0.001
Cancer (in active treatment) (%) 1.8 3.3 0.001

CVD 1999-2001 (%)

Myocardial infarction 0.2 0.9 <0.001
Coronary artery disease 0.6 1.0 0.069
Cardiac failure 0.2 1.3 <0.001
Arterial hypertension 3.9 3.0 0.091

Results of continous variables are presented as means (standard deviation), except hs-CRP, which is presented as median and interquartile
range. Categorical variables are presented as percentage frequencies. The values of men and women are compared using T-test, Mann-Whitney
test and Chi-square. Missing value n ranges in participants from 0 to 166 and non-participants from 0 to 248 depending on variable. °Persons,
who have hs-CRP, weight and height measured in 2000, but do not have information of weight and height in 2011 available, or persons, who
were over 75 years of age in 2000 or pregnant in 2000 or 2011.

9.3 Table 2

Baseline values of hs-CRP, weight, BMI and WC and changes of weight and WC during the 11-year-long
follow-up.

All (n=38 143) Men (n=1 433) Women (n=1710) p—valuea
Baseline
hs-CRP (mg/l) 0.64 (1.4) 0.65 (1.2) 0.63 (1.6) 0.466
Weight (kg) 76.5 (15.1) 84.5 (13.3) 69.9 (13.2) <0.001
BMI (kg/m®) 26.6 (4.4) 27.0 (3.9) 26.3 (4.9) <0.001
WC (cm) 91.3 (12.9) 97.0 (10.9) 86.6 (12.6) <0.001
Changes over follow-up
AWeight (%) 2.6 (9.2) 1.4 (8.2) 3.5(9.9) <0.001
AWeight (%) <0.001
<5 18.3 19.3 17.5
S<x<5 47.2 53.0 42.3
=5 34.5 27.7 40.2
AWC (%) 3.0 (8.4) 2.4 (7.2) 3.5(9.2) <0.001
AWC (%) <0.001
<5 15.1 13.3 16.7
5<x<5 48.6 55.0 43.3
=5 36.3 31.8 40.0

Results of continous variables are presented as means (standard deviation), except hs-CRP, which is presented as median and
interquartile range. Categorical variables are presented as percentage frequencies. #Values of men and women are compared using T-test,
Mann-Whitney test and Chi-square. bMissing values men n=10 and women n=9.
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9.4 Table 3

Association (odds ratio, OR) of hs-CRP with weight and WC change using multinominal logistic regression,

stable weight and stable WC (-5% < x < 5% ) as the respective comparison group.

Change in weight

Weight loss = 5%

Weight gain = 5%

Model OR (95% Cl) P-value OR (95% Cl) P-value
Unadjusted 1.03 (1.01-1.05) 0.008 0.99 (0.96-1.01) 0.248
Adjusted with age and sex 1.02 (1.00-1.04) 0.048 1.00 (0.98-1.02) 0.855
Adjusted with sociodemographic factors and lifestyle factors 1.02 (1.00-1.04) 0.110 0.99 (0.96-1.01) 0.364
Adjusted with sociodemographic factors, lifestyle factors and baseline I 1.01 (0.99-1.03) 0.407 0.99 (0.96-1.01) 0.324

Change in WC WC decrease = 5% WC increase = 5%

Model OR (95% Cl) P-value OR (95% Cl) P-value
Unadjusted 1.01 (0.98-1.03) 0.596 1.00 (0.98-1.02) 0.953
Adjusted with age and sex 1.00 (0.98-1.03) 0.975 1.01 (0.99-1.03) 0.467
Adjusted with sociodemographic factors and lifestyle factors 1.00 (0.97-1.03) 0.939 1.00 (0.98-1.02) 0.732
Adjusted with sociodemographic factors, lifestyle factors and baseline I 0.98 (0.95-1.01) 0.253 1.01 (0.99-1.03) 0.437

Adjusted with sociodemographic factors and lifestyle factors includes age, sex, marital status, educational status, smoking status, leisure-time

activity, alcohol consumption, sleep, sitting time and psychological distress.
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9.5 Supplementary Table 1

Association (odds ratio, OR) of hs-CRP with weight and WC change, hs-CRP categorized in quarters (Q1 as
the reference category), stable weight and stable WC (-5% < x < 5%) as the respective comparison group.

hs-CRP category

hs-CRP category

Model Weight loss = 5% Q2 Q3 Q4 Weight gain = 5% Q2 Q3 Q4
Unadjusted OR  1.38* 1.75* 2.13* OR  1.06 0.92 0.83
95% Cl (1.02-1.87) (1.31-2.34) (1.61-2.83) 95% Cl (0.86-1.32) (0.74-1.14) (0.67-1.04)
Adjusted with age and sex OR 1.25 1.45* 1.73* OR 1.23 1.18 1.03
95% Cl (0.92-1.70) (1.08-1.94) (1.29-2.30) 95% Cl (0.98-1.54) (0.94-1.48) (0.82-1.31)
Adjusted with OR 120 1.36 1.56" OR 123 1.24 1.03
sociodemographic factors and
lifestyle factors 95% Cl (0.87-1.65) (1.00-1.86) (1.15-2.12) 95% Cl (0.96-1.56) (0.97-1.58) (0.80-1.32)
Adjusted with OR 112 1.16 1.23 OR 122 1.22 1.01
sociodemographic factors,
lifestyle factors and baseline 95% CI (0.81-1.55) (0.84-1.60) (0.88-1.71) 95% Cl (0.96-1.55) (0.95-1.57) (0.77-1.32)
BMI
hs-CRP category hs-CRP category
Model WC decrease = 5% Q2 Q3 Q4 WC increase = 5% Q2 Q3 Q4
Unadjusted OR  1.19 1.28 1.43* OR 1.01 0.88 0.81
95% Cl (0.87-1.61) (0.94-1.72) (1.07-1.92) 95% Cl (0.81-1.25) (0.71-1.09) (0.65-1.01)
Adjusted with age and sex OR 1.14 1.18 1.25 OR 1.11 1.05 0.95
95% Cl (0.84-1.56) (0.87-1.61) (0.93-1.70) 95% Cl (0.89-1.38) (0.84-1.31) (0.76-1.19)
Adjusted with OR 1.15 1.10 117 OR 1.14 1.03 0.96
sociodemographic factors and
lifestyle factors 95% Cl (0.83-1.58) (0.80-1.52) (0.85-1.60) 95% Cl (0.90-1.44) (0.81-1.30) (0.76-1.22)
Adjusted with OR  1.03 0.86 0.80 OR 1.18 1.12 1.09
sociodemographic factors,
lifestyle factors and baseline 95% Cl (0.75-1.43) (0.62-1.21) (0.56-1.13) 95% Cl (0.94-1.50) (0.87-1.43) (0.84-1.14)

BMI

Cut-points to hs-CRP quarters: Q1: <0.25, Q2: 0.25-0.64, Q3: 0.65-1.62, Q4: > 1.62. Participants with concentration of hs-CRP in the upper quarters
(Q2-Q4) were compared to lowest quarter (Q1). *p < 0.05. Adjusted with sociodemographic factors and lifestyle factors includes age, sex, marital
status, educational status, smoking status, leisure-time activity, alcohol consumption, sleep, sitting time and psychological distress.

17



	1 ABSTRACT
	1.1 Background
	1.2 Methods
	1.3 Results
	1.4 Conclusions

	2 INTRODUCTION
	3 MATERIALS AND METHODS
	4 RESULTS
	5 DISCUSSION
	6 ACKNOWLEDGEMENTS
	7 COMPETING INTERESTS
	8 REFERENCES
	9 TABLES AND FIGURES
	9.1 Figure 1
	9.2 Table 1
	9.3 Table 2
	9.4 Table 3
	9.5 Supplementary Table 1


