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1 General introduction

1.1  Obesity — epidemiology and pathogenesis

Obesity represents one of the most important and complex public health challenges
medical science faces today. The World Health Organization (WHO) updated key facts on
obesity and overweight in 2018 and reported that the prevalence of obesity has nearly tripled
since 1975 (1). Among children younger than 5 years 41 million and among children aged 5-
19 years 340 million were overweight or obese in the same year (2). Latest updated data from
WHO show that almost 2 billion adults (39% of the global population) were overweight and
650 (13%) millions of these were obese in 2016 (1). Cardiometabolic disorders (metabolic
syndrome, type 2 diabetes) are increasing as health burdens on the population, following the

global increase in prevalence of obesity (3).

In Norway, data from 2017 showed that about 15-20% of all children were overweight
or obese. These proportions have not changed much in the last decade (4). The HUNT-3 study
showed that among Norwegian adults, about 54% of 40-49 year old men and 37% of women
of the same age were overweight, while 24% of men and 21% of women were obese (5).
Immigrants are noted to carry higher risks of metabolic disturbances related to obesity in

Norway than non-immigrants (6).

Understanding the pathogenesis of obesity requires the integration of molecular,
genetic, psychological, behavioral and environmental pathways and risk factors. The brain, in
particular the hypothalamus, plays a key role in the homeostatic regulation of energy intake,
metabolism and expenditure. Essentially there are 2 distinct and related processes that
determine the pathogenesis of obesity. These include firstly, sustained positive energy balance
(energy intake that is greater than energy expenditure) and secondly, resetting of body fat

stores at an increased level (7). The set-point hypothesis of body fat regulation was proposed
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in 1953 (8) and is supported by evidence from monogenetic mutations causing obesity, from
clinical observations of how difficult it is for obese persons to maintain weight loss and from
evidence related to the integration of signals from peripheral hormones and neurotransmitters
in the hypothalamic appetite regulation center to maintain fat stores.. Much progress has been
made in understanding the molecular basis of this regulation. However, the notion is also
disputed because of the lack of strong biological signals to reduce weight back to normal
when weight is gained (9). It does appear that generally there is a rather narrow range for
individuals within which body fat stores are sensitive to environmental and lifestyle factors

while the placement of the range may be related to genetic factors.

Heritability of body mass index (BMI) tends to settle at over 75% and is higher than
for several other phenotypic traits (10). Genetic causes of obesity can be defined as
monogenetic (single gene mutations, such as those related to the leptin pathway), syndromic
(obesity associated with other phenotypes) and polygenetic (large numbers of small changes
in genes that predispose to obesity) (11). In polygenetic obesity further research is needed on
how to prevent individuals from reaching their highest potential for body fat stores given the

difficulty of treatment to date.

Stages of life contribute in various ways to development of obesity. The perinatal
milieu is a very early factor affecting the development of neural pathways and organs that
contribute to the regulation of energy and metabolism, as well as glucose homeostasis (12). In
childhood several contributors to the onset of obesity may appear. A prospective cohort study
described adverse childhood experiences (parental divorce, familial alcohol/drug abuse, death
of close relatives, serious illness, staying in a foster home, a parent with a mental illness, a
move to another house/country, conflicts between parents) that are associated with higher risk
of developing overweight in early adolescence, especially among children living in lower-

income households (13) .
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Furthermore, as is well known, unhealthy lifestyles in adulthood such as inadequate
exercise, sedentary behaviors, and dietary patterns are among the most important causes of
obesity (14). All these contributors may be affected by psychosocial conditions,
socioeconomic patterns and chronic psychosocial stress and appear to be difficult to modify in
the long term. Psychiatric disorders, in particular depression, play important roles in
development of overweight and obesity, while evidence for anxiety is modest (15). Some
medicines used to treat mental health disorders, such as antipsychotics and certain
antidepressants may contribute to weight gain (16). Newer studies suggest novel contributors,
including the subtypes of microbiota in the gastrointestinal tract may be associated with

obesity and related metabolic disorders (17).

Hence, obesity is the result of a complex interaction between the individual’s genetic
disposition, factors related to social and cultural habits, and environmental factors. Among
environmental factors a large number have been described including mechanized transport to
work/school, inactivity and immobility, environmental pollutants, rapid eating, portion size
and junk foods - both of which are usually supported by publicity in mass media, socio-
cultural and ethnic factors, poverty and seasonal light/dark photoperiods (18). This thesis will
focus mainly on pollutants and their impact on obesity and cardiometabolic risk regarding
questions that remain open to further research (19), in particular in persons with high levels

of obesity.

1.2.  Overweight and obesity — definition

According to the WHO, overweight and obesity are defined as abnormal or excessive
fat accumulation that presents a risk to health. A person with a BMI of 30 or more is generally
considered obese. A person with a BMI equal to or more than 25 but below 30 is considered

overweight (20).
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Cut-offs for overweight and obesity have been defined by several medical and public
health organizations. There is consensus generally regarding the following definitions

proposed by WHO as shown in Table 1.

Table 1. Classification of overweight and obesity

Overweight BMI > 25 kg/m?
Obesity BMI > 30 kg/m?
Morbid obesity BMI > 35 kg/m? with presence of 1 or more

comorbidities related to obesity

Extreme or severe obesity BMI > 40 kg/m?

The American Heart Association has suggested that persons with BMI higher than 40
kg/m? may be defined as extremely obese (heart.org). This degree of obesity carries marked
health risks. A pooled analysis of 20 prospective studies found that extreme or severe obesity
(Class 111 obesity) is associated with considerable shorter life expectancy, mainly due to heart
disease and diabetes, as well as cancer, compared to individuals with normal weight (21). The
same study showed that about 6% of US adult population is extremely obese, and that
compared to a normal weight population, they had a risk of 6.5-13.7 years of life lost (21).
Extreme obesity has increased relatively more than the increase in mean BMI in recent
decades, although less rapidly in the last years than prior to 2005 (22), but has received less
focus in scientific research than lesser degrees of obesity. This thesis has its focus particularly

on morbid and extreme obesity in papers I-111.

1.3 Role of adipokines and gastrointestinal hormones
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Regulation of body fat stores centrally responds to peripheral signals from adipose
tissue, the gastrointestinal tract and other organs. Scientific perception of adipose tissue has
evolved from it being an energy storage and somewhat inert tissue to a highly active
endocrine organ. One of the most important findings in this field was the identification of
leptin in 1994, which soon after led to the discovery of other adipokines including resistin,
adiponectin, interleukin-6, visfatin, ghrelin, and many others (23). Adipokines are metabolic
hormones, produced and secreted by the adipose tissue that determine and control processes
related to obesity, such as glucose intolerance, dyslipidemia, blood pressure, endothelial
dysfunction, and inflammation, and are associated with other risk components of the
metabolic syndrome (24).

Leptin is an important regulator of metabolic homeostasis and inhibits appetite and
food intake (25). It is produced in adipose tissue and regulates energy homeostasis,
neuroendocrine function, metabolism, immune function and other systems through its effects
on the central nervous systems and peripheral tissues (26). Leptin is associated to insulin
resistance and its production correlates with the amount of body fat (27). While people with
neuroendocrine abnormalities, lipodystrophy and monogenic leptin deficiency may respond to

leptin administration, obese people are mostly resistant to leptin treatment (26).

The gastrointestinal tract is the largest endocrine organ in the body and secretes over
30 regulatory peptide hormones. Gastrointestinal hormones secreted from specialized cells in
the gastrointestinal tract play an important role in gastric emptying and the feeling of hunger
and satiety. The “gut-brain axis” is a term that refers to several gastrointestinal hormones
including glucagon-like peptide 1, pancreatic polypeptide, ghrelin and peptide YY (PYY)
(28). PYY 136 is released by endocrine L-cells in the small bowel and colon and cleaved by the
enzyme dipeptidyl peptidase-4 to the major circulating form that is more bioactive, designated

as PY'Y3.36 (29). PYY3.3sacts as a major inhibitor of food intake due to its high affinity for the
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presynaptic inhibitory Y2R neurons in the hypothalamic arcuate center and Y2R in afferent
vagal fibers (29, 30). Fasting concentrations are influenced by adiposity, age, gender, and
lifestyle while postprandial concentrations are stimulated by energy load and macronutrient
composition as well as exercise (30, 31). Some studies have reported that obese individuals
have lower basal fasting levels of PYY33 and have a smaller rise in postprandial levels (32).
This hormone has been linked to systolic blood pressure in obese individuals (33), but its

links to cardiovascular risk factors in persons who are morbidly obese have not been clarified.

1.4 Healthy and unhealthy obesity

Vulnerability to the metabolic consequences of obesity differs among individuals. In
recent years researchers have contrasted healthy and unhealthy obesity, and obese individuals
without metabolic abnormalities are categorized as metabolically healthy (34). These people
might be protected from metabolic complications of obesity or at least have a lower risk of
metabolic complications (35). Up to one-third of all obese people are considered
metabolically healthy (36). This heterogeneity may be due to genetic, behavioral, and
biological and environmental exposures (37). These differences may start in childhood (38).
Possible mechanisms that can contribute to understanding this phenotype are poorly known.
Lesser degrees of insulin resistance and subclinical inflammation might play a differentiating
role between these individuals and others with unhealthy obesity (36). Meta-analyses have
reported that metabolically healthy obese individuals also carry high risks of cardiovascular
events in the long-term compared to healthy lean individuals, but they were not associated
with higher risk of premature all-cause mortality (39). However, the Tromsg study conducted
in Norwegians showed that increase in BMI increased the risk of myocardial infarction,
regardless of physical activity level (40). Metabolically unhealthy obese individuals often
develop diseases that can reduce life quality and life expectancy and increase health-care costs

(37). Unhealthy obesity is often defined by the concept of metabolic syndrome.
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1.5 Metabolic syndrome

Metabolic syndrome is a clustering of metabolic and cardiovascular risk factors. It
results from the interaction between environmental and genetic factors. It is defined clinically
by the presence of cardiometabolic risk factors, namely abdominal obesity, low HDL-
cholesterol, high fasting triglycerides and glucose, and high blood pressure (41). The WHO
defined metabolic syndrome first in 1999, but it has since been redefined by several

organizations across the world.

The definition of metabolic syndrome used in this thesis is the harmonized one (41). It
unifies criteria from the International Diabetes Federation and the American Heart
Association/National Heart, Lung, and Blood Institute and uses the following cut-offs: waist
circumference >102 cm for men and >88 cm for women; systolic blood pressure >130 mmHg
and/or diastolic >85 mmHg, or drug treatment for hypertension; triglycerides >1.7 mmol/L;

HDL-cholesterol <1.0 for men or <1.3 for women; and fasting glucose > 5.6 mmol/L (41).

Metabolic syndrome is usually without symptoms, but waist circumference is a visible
sign (42). Waist circumference is the most challenging component in regard to defining cut
offs due to different genetic and biological factors among people in the world (41). The WHO
has identified 2 levels of abdominal obesity in Europids depending on risk for metabolic
complications. Increased risk occurs at waist circumferences of >94 cm in men and >80 c¢cm in
women, but risk is substantially higher at >102 ¢cm in men and >88 c¢cm in women. These
higher levels are generally in use to define abdominal obesity in the United States, Canada,

and Europe (43).

Individuals with three or more of the criteria in any combination components would
qualify as having metabolic syndrome (41). Each of metabolic syndrome components singly
increases the risk of cerebrovascular stroke, coronary heart disease (CHD) and diabetes but
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whether the combination of factors is additive or multiplicative has been widely discussed.
Most evidence points to additive effects and systolic blood pressure may be the most

important component in terms of risk (44).

Prevalence of metabolic syndrome in US population is about 30% but prevalence may
vary considering different criteria used in defining metabolic syndrome (45). Several meta-
analyses suggested that detection, prevention, and treatment of metabolic syndrome is an
important strategy in prevention of cardiometabolic diseases (46, 47). As an example the
Scandinavian Botnia study showed that the risk of coronary artery disease and stroke
increased threefold in patients with metabolic syndrome in the course of 6.9 years follow up
(48). The Finnish Kuopio Ischemic Heart Disease Risk Factor Study, with approximately 11.4
years of follow up, showed associations between metabolic syndrome and deaths of all types
of cardiovascular disease (CVD) and 2.9-4.2 times higher risks of CHD and 2.6-3.0 times
higher risks of all CVD in men with metabolic syndrome (49). However different criteria used
in defining metabolic syndrome may overestimate the risk of complications (50). The data
from a meta-analysis of cohorts showed that individuals with metabolic syndrome were at
1.6-fold higher risk of having stroke than their counterparts without metabolic syndrome,
while longitudinal population based study showed that metabolic syndrome and its main
components can be potent predictors for long-term ischemic stroke (51, 52). Meta-analysis
suggested that metabolic syndrome may be a particularly important risk factor for stroke in
women (53). Overall, this evidence supports the notion that obese persons may have a

particularly increased risk of CVD if they also carry the burden of metabolic syndrome.

Metabolic syndrome can also be a useful tool in clinical practice for predicting type 2
diabetes mellitus, showed a review from 2017 (54). Data from the well-known Framingham

Heart Study Offspring Study supports this (55). Relative risk of diabetes development in
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patients with metabolic syndrome was ranged from 3.53 to 5.17 in a meta-analysis of 16

multiethnic cohort studies (56).

1.6 Treatment of obesity, in brief

The degree of obesity does not necessarily correlate with the presence of metabolic
syndrome (57), but reducing weight with as little as 5% can improve all metabolic syndrome
components, and lowers risk of CVD and type 2 diabetes regardless of the degree of obesity
(58). Implementing such weight loss by active education and effective dietary intervention

may help to prevent diabetes and its complications including severe late complications (59).

It is well-known that energy restriction is necessary for weight reduction. Adherence
to dietary programs is usually a challenge for most individuals struggling with obesity. A
wide range of ways to achieve energy restriction have appeared with the notion that some may
help more than others. These include low-fat diets, very-low-fat diets, moderate-fat diets,
high-protein diets, low-carbohydrate diets, low-glycemic index diets, intermittent fasting and
others. While these diets may differ in their effects on cardiometabolic risk markers, most

result in improvements in health parameters when they are followed (60).

Physical activity has traditionally been considered as essential in weight reduction and
it needs to be a part of every clinical intervention of obesity or overweight (61). Physical
activity or exercise training alone is likely to promote moderate weight loss of not more than a
few kilograms (62). However, despite this, physical activity is highly relevant for preventing
CVD (63). All types of physical activity should be encouraged and need to be a part of
lifestyle changes (64). Furthermore, a recent trial showed that physical activity can cause
significant reductions of visceral adipose tissue, independent of weight loss caused by

different diets (65).
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1.7 Dietary prevention of CVD

Dietary patterns are important and well documented in prevention of CVD regardless
of whether weight loss is achieved (66). Meta-analysis of cohort prospective studies highlight
whole grains, dietary fiber, fruits and vegetables, nuts and seeds as foods that may reduce risk

of CVD (67).

One of the diets that has long been linked to prevention of obesity and its
complications is the concept of Mediterranean diet (68). The Mediterranean diet as consumed
traditionally consists of bread, legumes, vegetables and fruits, nuts, olive oil, and limited red
meats, meat products, butter, hard margarine and sugar as well as moderate alcohol intake

(69).

A review that analyzed observational studies, randomized controlled trials (RCTS),
cohorts and meta-analyses (conducted from 2014-2018) including totally 45 studies
concluded that there is a large and consistent data of evidence that support the benefits of the
ingredients of the Mediterranean diet on cardiovascular health (70). PREDIMED ((Prevencion
con Dieta Mediterranea (Prevention with Mediterranean Diet)) was a Spanish multicentric
study, from 2013 (republished in 2018) which showed that individuals with high
cardiovascular risk, had lower incidence of major cardiovascular events if they followed a
Mediterranean diet supplemented with extra-virgin olive oil or nuts than among those
assigned to a reduced-fat diet (Hazard ratio 0.69 [95% confidence interval 0.53-0.91] and 0.72
[95% confidence interval, 0.54-0.95], respectively) (66). Acceptance and feasibility of the
Mediterranean diet is limited in non-Mediterranean countries and in certain groups (71) and
requires modification according to local culture and norms. In Norway, official dietary

recommendations advise that the population should eat lots of vegetables, fruit, berries, whole

20



grains, legumes, nuts and fish and that processed and red meats, salt and sugar should be

limited (72).

As indicated in these recommendations, ingestion of fish, especially fatty fish has been
considered important in prevention of CVD. Fatty fish is rich in the omega-3 fatty acids
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) which may have protective
roles due to anti-inflammatory effects, inhibition of platelet aggregation, triglyceride lowering
effects, improving endothelial function and stabilizing atherosclerotic plaque (73, 74). Earlier
studies, such as a RCT from 1989, as well as a review from 2002, showed that eating fish may
reduce the incidence of CVD and also reduce mortality in men recovering form myocardial
infarction (75, 76). Recently, a comprehensive literature search found that fish intake was
associated with a lower risk of metabolic syndrome in prospective cohort studies but not in
cross-sectional ones (77). A threshold of 400 g/week of fish was noted above which the risk

of metabolic syndrome decreased significantly.

Similar reductions in CVD risk were not supported in some randomized controlled
clinical trials (78). A meta-analysis published in 2012 showed that there was not sufficient
evidence that omega-3 fatty acids had secondary protective effect in patients with CVD, and
that some studies that showed protective results did not use placebo (79). The U.S.
Departments of Health & Human Services suggests possible explanations for conflicting
findings including the observation that people nowadays already ingest high amounts of
omega-3 fatty acids, compared to earlier, and perhaps that widespread use of cholesterol

lowering medication (statins) do not leave room for additional effect of fatty acids (80).

Differences between studies could be explained by the dosage of omega-3 that is used
in studies. Omega-3 fatty acids supplementation given in high dosages (more than 1 g/day)

may reduce risk of death in diabetic patients (81). Data from a meta-analysis from 2019
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supported the thesis that ingestion of omega-3 fatty acids lowers risks of coronary artery
disease and all cardiovascular deaths and suggested that the effect may be linearly related to
the omega-3 dose (82). A multicenter, randomized, double-blind, placebo-controlled trial
involving patients with established CVD or with diabetes and other risk factors called
“REDUCE-IT” showed that ingestion of 4 g EPA daily was associated with significantly
lower risk of ischemic events in population with elevated triglycerides on top of use of statins
(83). Furthermore, ingestion of fish and long-chain omega-3 fatty acids reduce mortality from
major causes (84). Usual recommendations of fatty fish intake (1-2 servings per week) do not

usually reach omega-3 levels of 1 g/d, which might be necessary for primary prevention (81).

Another dietary component that has been studied in detail regarding CVD prevention
is nuts. Nuts are rich in protein, fiber, unsaturated fatty acids and phytochemicals and are easy
to incorporate into the diet. Evidence links nuts to reduced rates of CVD (85) and overweight
(86). Based on three prospective studies, high nut consumption was inversely correlated with
total CVD and CHD (87). A meta-analysis and systematic review from 2018 found that eating
nuts was associated with lower all-cause mortality, mortality caused by CVD and CHD, but

not associated with a lower risk of type 2 diabetes (88).

1.8 Persistent organic pollutants (POPs)

Dietary intakes differ not only regarding macronutrient and micronutrient
compositions, but also in regard to their content of environmental pollutants. POPs are
lipophilic chemicals that bioaccumulate in living organisms for decades. In the main, POPs
are stored in adipose tissue, but are also measurable in serum and may vary according to age
and gender (89). Factors affecting the homeostasis between POPs stored in adipose tissue and
circulating blood concentrations are not clear. These associations may differ according to the

compound and previous exposure (90). Some authors showed that common predictors for
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elevated levels of POPs were birth year, breastfeeding and the weight-related variables, while

dietary variables were of varying importance (91).

According to WHO, POPs are chemicals of global concern worldwide, due to their
negative effects on humans, having specific characteristics such as long-range transport,
persistence, bio-magnification (concentration in the tissues of organisms at successively
higher levels in a food chain) and accumulation in the nature, and high contaminating capacity

of the food, water and air, as well as of products that we use to improve their quality (92).

POPs may be grouped in several categories, mainly based on chemical structure or
use. Usual categorization is: organochlorine pesticides including
dichlorodiphenyltrichloroethane (p,p’DDT), dichlorodiphenyldichloroethylene (p,p’DDE),

a -hexachlorocyclohexane (a-HCH), B- hexachlorocyclohexane (B -HCH), y-
hexachlorocyclohexane (y-HCH), pentachlorobenzene (PeCB), hexachlorobenzene, trans-
Nonachlor, and oxychlordane, polychlorinated biphenyls (PCBs), including dioxin-like (118,
156) and non-dioxin-like (74, 99, 138, 153, 170, 180, 183, 187) and polybrominated

diphenylethers (PBDES) 47, 99 and 153.

The negative effects of POPs on human health have been discussed for decades. More
recently, focus has been on cardiometabolic disorders and diseases. In a recent cohort study
individuals with higher levels of PCBs had higher risk of death, primarily from CVDs (93).
Furthermore, in the epidemiological survey NHANES 1999-2011 exposure to some

organochlorine pesticides was associated with higher all-cause mortality and with higher non-

cancer, non-heart/cerebrovascular disease mortality in U.S. adults older than 60 years (94).

POPs appear to disrupt endocrine regulation of metabolism, possibly leading to weight
gain and obesity (95). Both higher and lower POP levels have been reported in obese versus

lean individuals. These associations may differ according to the compound and previous
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exposure (90). Because studies are mostly cross-sectional or obtained data on weight change
retrospectively (96), causation between POP levels and obesity remains speculative. Weight
loss reduces adipose tissue storage increasing concentrations in blood in the short term,
though drastic weight loss decreases the total body burden (97). Based on data from
NHANES it has been suggested that obese people may safely store POPs in adipocytes, and
that even though weight loss may have positive effects on health in individuals with low
POPs concentrations, weight loss may contribute to health risks in those with high

concentrations (98).

POPs contribute to increased risk of metabolic syndrome (99) and CVD as suggested
in the PREDIMED-CANARIAS cohort study (100) and in a number of other studies (93,
101). The metabolically healthy, but obese phenotype, has been associated with lower plasma
levels of POPs than the metabolically unhealthy obese phenotype (102). A meta-analysis
including 72 epidemiological studies found sufficient evidence for a positive association of
some POPs and type 2 diabetes, despite studies’ heterogeneity (103). In individuals without
type 2 diabetes exposure to various POPs predicted obesity, dyslipidemia and insulin
resistance during 2 decades of follow-up (104). Several observational cross-sectional and
prospective studies have suggested evidence for DDT/DDE compounds and even more for
PCBs in increasing risks of developing type 2 diabetes. The Nurses’ Health Study reported an
association between plasma HCB concentration and incident type 2 diabetes (105). In the
meta-analysis both HCB and total PCBs were associated with diabetes incidence after

multivariate control, with odds ratios at or just below 2 (46).

1.9 POPs and diet

Populations are mainly exposed to POPs through the consumption of fat-rich foods of

animal origin. Modifying dietary patterns may be useful to decrease POPs burden and the risk
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of CVD (100). A study from Spain showed that the most consistent association between foods
and concentrations of POPs was with fish followed by dairy and meat, while vegetables, fruits
and cereals were rarely related to POPs levels (19). The British Food Standards Agency
underlines that animal products may be the most important sources of POPs, that can occur
through high exposure over a long time (106). Based on animal studies some authors
suggest that accumulation of POPs is affected by macronutrient intake, and not the total intake
of POPs. This finding may suggest the importance of controlling macronutrients in dietary

studies of POPs (107, 108).

Earlier research found significantly higher burdens of POPs in farmed than wild
salmon and farmed salmon from Europe were significantly more contaminated than farmed
salmon from South and North America (109). In the recent years aquaculture feed has been
increasingly based on plant oils, instead of feed of animal origin (110). A Norwegian study

suggested that farmed salmon may have lower levels of POPs compared to wild salmon (111).

1.10 Summary of the introduction and basis for the thesis

Medical understanding regarding obesity, metabolic syndrome, and their contributors
has improved, but further studies are necessary to understand the underlying pathways in
development of these diseases and their association with CVD. Presence of POPs in the diet
complicates these mechanisms further. In this research we focused on overweight, morbidly
and extremely obese people with cardiometabolic risk. We have described metabolic
syndrome in morbidly obese individuals, role of gastrointestinal hormones in extreme obesity,
concentrations of selected POPs in people with morbid obesity, and we conducted a trial to
understand the role of diet in the development of POPs in overweight and obese individuals

using a high level of evidence, namely the randomized controlled design.
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2 Aims of the thesis

The overall aim of this thesis was to examine the role of POPs in influencing
metabolic disturbances in subjects with obesity, and whether a controlled diet with farmed
salmon or nuts would result in significant changes in metabolic status and POPs concentration
after 6 months intervention. A further aim was to describe the relation between specific
gastrointestinal hormones and POPs with metabolic disturbances in morbid obesity. In paper |
we explored the association of the gastrointestinal hormone PYY3.36 in extreme obesity in
relation to metabolic syndrome. In paper Il we studied cardiometabolic risks in morbidly
obese men and women with the goal of better understanding of the expression of metabolic
syndrome in this population. The main aim in the paper I11 was to examine levels of POPs and
their relation to metabolic syndrome in morbidly obese individuals. Paper 1V shows the effect
of consuming foods rich in POPs cardiometabolic risk factors in overweight and obese

individuals.
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3 Hypotheses

Does the gastrointestinal hormone PY'Y 3.3 correlate with degree of obesity in
extremely obese people?

Do metabolic syndrome components and CVD risk factors correlate to BMI and fat
distribution in morbidly obese men and women?

Do high concentrations of POPs correlate with expression of metabolic syndrome in
morbidly obese people?

Does a high consumption of fatty fish over 6 months increase levels of POPs in
overweight and obese men and women compared to a control group avoiding fatty fish
and nuts?

Does consumption of fatty fish change markers of cardiometabolic risk in overweight
and obese men and women in a period of 6 months?

Does a high consumption of nuts over 6 months change markers of cardiometabolic
risks in overweight and obese men and women compared to a control group avoiding

nuts and fatty fish?
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4 Subjects and methods

Participants in papers I-111 were consecutive adult patients aged 18 — 78 years referred

to the Preventive Cardiology Clinic at Oslo University Hospital, Oslo, Norway between April

2005 and December 2010. Referrals were from primary care physicians or specialists for
obesity treatment and cardiovascular risk factor reduction as needed. All had a BMI > 30
kg/m? and are designated as a clinic-based obesity population in this thesis. They were asked
to provide demographic data, anthropometric parameters, give blood samples for laboratory
analyses, and take part in screening for the melanocortin-4 receptor gene mutations to assess
the frequency of these mutations in a Norwegian population if their BMI was > 35 kg/m?
(112). They also consented to storage of blood samples in a biobank for future analyses. Only
patients that gave written informed consent were included. The participation rate was >95%.
All participants underwent a physical examination and a structured interview by a physician.
They responded to 2 self-administered questionnaires regarding their current health,
concomitant diseases, medical treatment, and personal and family history of obesity (112). As
shown in figures 1a and 1b, subgroups of this clinic-based obesity population were included
in papers I-111 depending on the purpose of the study and availability of blood test results. A
total of 64 participants (47 women and 17 men) with BMI between 30 and 34.9 kg/m? were
excluded from all the papers due to the aim to focus on morbid obesity. Exclusions due to
insufficient data to establish criteria for metabolic syndrome in 33 participants (19 women and
14 men) in paper | and 53 participants (31 women and 22 men) in papers Il and I11). Missing
PYY values led to the exclusion of 172 participants (120 women and 52 men) from paper I.
Diagnosis of diabetes in 209 participants (117 women and 92 men) led to exclusion in papers
I1'and I11. For paper 11, 116 participants (74 women and 42 men) were missing samples for

analysis of POPs and were excluded.
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Figure 1a. Participant flow from clinic-based obesity population to Papers I-11I

Main database: Clinic-based obesity population with BMI >30 kg/m?

N= 873 (539 women and 334 men)

Excluded from all studies: 64 participants with BMI between 30 and 34.9 kg/m?

Paper | Paper Il paper 111
N= 291 (180 women and N=547 (344 women and N=431 (270 women and 161
111 men) 203 men)
men)
2 2
BMI 240 kg/m BMI 235 kg/m BMI >35 kg/m?as in Paper Il
Patients with missing data | | Patients with missing data (with available blood
to establish metabolic to establish metabolic samples for POPs analyses -
syndrome (n=33) or PYY syndrome (n=53) or with 116 were excluded due to
values (n=172) or BMI diabetes (n=209) were missing samples)
35-39.9 kg/m? (n=313) excluded
were excluded

Figure 1b Participant distribution from clinic-based obesity population (Papers I-111)

Paper 111
(N=431)
Main

database
(N=873)

Paper |
(N=291)

Paper 11
(N=547)
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For the anthropometric parameters, waist circumference was measured at the midpoint
between the inferior costal margin and the highest point of the iliac crest, using a constant
tension body tape. Height was measured using a stadiometer and recorded to the nearest
centimeter. Weight was measured using a calibrated mobile electronic scale (Seca 720;
medical Scales and Measuring Systems) and recorded to the nearest 1.0 kg. BMI was
calculated using Quetelet’s formula: weight in kilograms was divided by the square of height

in meters.

Blood pressure was measured with an automatic blood pressure monitor 852000 Series
Vital Signs Monitor; Welch Ally). Participants were seated and having rested for 5 minutes
prior to using appropriate cuff size. Body total and regional fat percentages were analyzed by
using dual X-ray absorptiometry (DXA) (Lunar DPX-L, Lunar) in 206 individuals. Only
individuals with body weights below 140 kg could be examined by DXA. Others did not

undergo the procedure for practical reasons.

Laboratory analyses included standard tests as shown in box 1.

Box 1. Standard laboratory tests obtained of all participants in Papers I-111

Metabolic syndrome and glucose-regulation parameters: Triglycerides, HDL-cholesterol,
glucose, hemoglobinAzc

Other lipids: Total cholesterol, LDL-cholesterol, apolipoprotein B, lipoprotein (a)
Inflammatory parameters: Ferritin, CRP, uric acid

Parameters of hepatic dysfunction: Alanine aminotransferase, aspartate aminotransferase, y-
glutamyltransferase

Hematology analyses: Hemoglobin, white blood cell count
Electrolytes: Sodium, potassium
Kidney function: Creatinine

Thyroid: Free thyroxine, thyroid-stimulating hormone (TSH)
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Paper |

We performed a cross-sectional study of a total of 291 (180 women and 111 men)
aged 18-78 years with BMI >40 kg/m? (extreme obesity) in paper I. The range of BMI was
between 40 and 74 kg/m?2. They were stratified by number of metabolic syndrome
components (from 1 to 5) as follows: elevated waist circumference >102 cm for men and >88
cm for women, systolic blood pressure >130 mmHg and/or diastolic >85 mmHg, or/and use
of medication for hypertension, triglycerides >1.7 mmol/L, HDL-cholesterol < 1.0 mmol/L
for men or < 1.3 mmol/L for women, and fasting glucose > 5.6 mmol/L. Subjects with fasting
glucose >7.0 mmol/L or hemoglobin Aic (HbA1c) >6.5%, or who had known type 2
diabetes, or used antidiabetic drugs were grouped together as the type 2 diabetes subgroup
(22% of the sample). Of the total, 23% were cigarette smokers, use of blood pressure
lowering medication was reported in 31.3%; among those without diabetes, 26.1% used anti-
diabetic medication versus 49.2% of those with diabetes. Statin use was recorded in 8.9% of
the entire sample; in 5.3% of those without diabetes and in 21.5% of those with diabetes.
Parameters specific to the study were PY Y336, insulin and leptin, which were measured in
addition to the standard blood tests. The Homeostasis Model Assessment Insulin Resistance
index (HOMA-IR) index was calculated to estimate insulin resistance based on the Matthews

formula: HOMA-IR = (Fasting plasma insulin x fasting plasma glucose) / 22.5 (113).
Paper 11

In the second cross-sectional study a total of 547 participants (344 women and 203
men) with BMI >35 kg/m? and comorbidity (including hypertension, sleep apnea, dyspnea,
polycystic ovarian syndrome, asthma, hypercholesterolemia, gout, musculoskeletal
symptoms, gall bladder disease, esophageal reflux, pulmonary embolism or deep vein

thrombosis, intermittent claudication, angina pectoris, depression, or eating disorder) or BMI
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>40 kg/m? regardless of comorbidities were included. The range of BMI was between 35 and
74 kg/m?. Participants were stratified by number of metabolic syndrome components, using
the same criteria as described for paper I. There were 209 participants with diabetes (as
defined above in paper 1) that were excluded. Of the total, 26% were smokers. 2/3 met criteria
of metabolic syndrome. Standard blood test analyses were done. DXA analysis was
performed in 206 participants. The paper’s abstract erroneously indicates that total n was 549

participants.
Paper Il

A total of 431 participants from paper Il with adequate blood samples (116
participants did not have available blood samples) in the biobank for analysis of POPs were
included in paper I11. This cross-sectional study was conducted among 161 men and 270
women with BMI >35 kg/m? and comorbidity (see above), or BMI >40 kg/m?. Of the total,
26% were smokers. The mean BMI was 42 kg/m?, and almost 3/4 of men and 2/3 of women
met metabolic syndrome criteria. Of the total 15% of men and 6% of women used statins.
Insulin concentrations were measured in addition to standard blood tests and the HOMA-IR
index was calculated. Circulating concentrations of 15 POPs (5 organochlorinated
compounds, 2 dioxin-like PCBs and 8 non-dioxin-like PCBs) were measured and stratified by

number of metabolic syndrome components.

Paper IV

This study was an RCT that included 131 participants (56 men and 75 women), of
which 120 completed the study. Participants were aged 35-70 years with BMI between 25-38
kg/m?. Participants were recruited through advertisement in newspapers, the Face-book page

of Oslo University Hospital as well as from patient referrals to the Section of Preventive
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Cardiology, Department of Endocrinology, Morbid Obesity and Preventive Medicine, Oslo
University Hospital, Oslo, Norway. The first participant was included in January 2016 and the
last 6-month follow-up was in October 2017. All participants signed written inform consent

before starting any study procedures.

Inclusion criteria for the participation included 1 component of metabolic syndrome in
addition to waist circumference (>102 ¢cm for men or >88 cm for women), i.e. blood pressure
>130/85 mmHg or use of antihypertensive medication, fasting glucose >5.6 mmol/l, HDL
cholesterol <1.3 for women or <1.0 for men, or triglycerides >1.7 mmol/l. Exclusion criteria
were cigarette smoking, diabetes if treated with antidiabetic medication, allergy to or dislike
of fish or nuts, chronic disease including cancer, gastrointestinal disease or CVD, morbid
obesity (BMI of >38 kg/m? with obesity-related health conditions or >40 kg/m? alone) and
weight fluctuations (+/- 5 kg in the last 6 months), eating disorder, history of bariatric surgery,

use of anti-obesity drugs or other drugs affecting body weight.

The participants were randomized to high intakes of fatty fish (mostly farmed salmon,
~630 g/week; n=45), high intakes of nuts (~200 g/week; n=42) or a control group following

their usual diet but restricting fatty fish and nuts for 6 months (n=44).

Body weight was measured using the same calibrated digital scale (Seca 877, Seca
GMBH & co, Germany) to the nearest 0.1 kg. Height was measured using a stadiometer and
recorded to the nearest centimeter. Waist circumference was measured at the approximate
midpoint between the lower margin of the last palpable rib and the top of the iliac crest. Hip
circumference was measured at the widest portion of the buttocks. Blood pressure was
measured using the Omron 7051T (Omron HEALTHCARE, Kyoto, Japan) after the

participant rested quietly in a sitting position for at least 5 min alone in a quiet room. The
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mean of 3 measurements spaced 1 min apart was calculated at screening, randomization, and

3 month and 6-month visits.

Blood tests included analyses of total cholesterol, HDL-cholesterol, LDL-cholesterol,
triglycerides, glucose, CRP and apolipoprotein B. HbA:c, C-peptide and insulin were
measured. HOMA-IR index was calculated and the hyperinsulinemic-euglycemic clamp was
performed in a small subset (n=10 in fatty fish group, n=10 in control group). Concentrations
of 15 POPs as mentioned above were measured. All blood tests were performed at baseline

(randomization) and at the end of the study.

5 Laboratory analyses including POPs

In papers I-111 the following methods have been used: Participants were instructed to
fast overnight for at least 10 hours, before providing blood samples between 8:00 and 11:00
a.m. Analyses of blood samples were performed at Oslo University Hospital (Clinical
Chemistry Laboratory at Ulleval or the Hormone Laboratory at Aker). Total cholesterol,
HDL-cholesterol, triglycerides, glucose, alanine aminotransferase (ALT), uric acid, creatinine
and high-sensitivity C-reactive protein (CRP) concentrations were measured on an automated
analyzer Cobas Integra 800 (Roche Diagnostics, Mannheim, Germany). HbAlc
was measured automatically with HbAlc Calibrator Set using TSKgel Variant HSi with stable
s-Alc (Tosoh Automated Glycohemoglobin Analyzer HLC-723G7, Tosoh Corporation,

Japan).

LDL-cholesterol was calculated using Friedewalds formula. Apolipoprotein B and
lipoprotein (a) were determined with an immunoturbidimetric assay on an automated analyzer
(Cobas Tinaquant 917, Roche/Hitachi, Roche Diagnostics, Mannheim, Germany). White
blood cell count was analyzed using Sysmex XE 2100 (Sysmex, Mississauga, Ontario,

Canada). Serum ferritin was determined by an ADIVA Centaur analysis (ADIVA Centaur,
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Siemens Healthcare Diagnostics Inc., Tarrytown, USA). PYY3.3s and insulin assays were
carried out between November 2010 and May 2011 on frozen samples. Serum PYY 3.3s was
measured using a radioimmunoassay kit which utilizes an antibody that only recognizes the 3.
36 form of human PYY (Millipore, USA). The intra and interassay variations of coefficients
were less than 15%, and the recovery was 85-129% by the linear range of the assay. The
detection limit of the assay was 14 pg/mL (100ug sample size). The assay had a specificity of
100% for human serum PYY3.36. Insulin was determined by non-competitive
immunofluorometric assay, using an AutoDelfia 1235 Automatic Immunoassay System

(H1855-21291) (Perkin Elmer Inc.).

Serum leptin was measured on frozen samples using a human serum leptin
radioimmunoassay (Luminex, Millipore, USA). The intra- and interassay variations of
coefficients were <10%, and the recovery was 103-105% by the linear range of assay. The
detection limit of the assay was 0.5ng/L (100uL sample size). The assay had a specificity of

100% for human serum leptin.

POPs were measured in 200 ul of serum at the National Institute for Health and
Welfare, Kuopio, Finland. The following POPs were measured: PBDEs 47, 99 and 153; PCBs
including dioxin-like (118, 156) and non-dioxin-like (74, 99, 138, 153, 170, 180, 183, 187)
and organochlorine pesticides including p,p’DDT, p,p’DDE, a-HCH, -HCH, y-HCH, PeCB,
hexachlorobenzene, trans-Nonachlor, and oxychlordane. The detection rate for PeCB, a-
HCH, y-HCH, oxychlordane and all PBDEs was <75%, and thus, these analytes were

excluded from further statistical analyses.

A full description of the analytical method has been published previously (114).
Limits of quantification for POPs were 5-40 pg/ml. In each batch of samples, a control serum

sample from the National Institute of Standard and Technology, Standard Reference Material

35



(SRM) 1958 for POPs was included (n=13). An in-house produced low-level control sample
was prepared by 1 to 9 dilution of SRM 1958 with newborn calf serum (NBCS) and also
included in each batch of samples (n=13). Average concentrations for POPs from SRM 1958
were 87-111% of the certified/indicative concentrations. Coefficients of variation (CVs) were
1.4-4.4% for SRM 1958 and 1.8-8.9% for diluted SRM 1958. The Environmental Health Unit
participates to AMAP inter laboratory comparison (Ring Test for POPs in human serum,
National Institute of Public Health, Quebec, Canada) where 16 of the target POPs from three
serum samples are reported for each round. During the last 2 years results from all samples for
all POPs have been acceptable (|z|<2). Accuracy of the results for individual compounds from

individual samples varied from 77-121 % of the assigned values.

Other blood tests in paper IV were performed as follows: Blood samples were
obtained following a minimum of a 10-hour fast. Analyses of blood samples were performed
at Oslo University Hospital Clinical Chemistry Laboratory/Ulleval. Lipids were measured
using enzymatic colorimetric methods, while apolipoprotein B was determined using an
immunoturbidimetric method. Serum glucose was measured using hexokinase. HbAlc was
measured using ion-exchange quantitative high-performance liquid chromatography. CRP
was determined with a particle enhanced turbidimetric assay. C-peptide and insulin
concentrations were analyzed on frozen samples at the Hormone Laboratory of Oslo
University Hospital/Aker, using a non-competitive electro-chemiluminescence immunoassay

(ECLIA) (Modular E170 Cobas e601 kit Roche Diagnostics).

In this paper, the surrogate marker of insulin resistance HOMA-IR, based on fasting
insulin and glucose measurement was calculated as described above. For confirmation, we
performed direct measurements of insulin resistance in a subset of the population using the
hyperinsulinemic-euglycemic clamp. Subjects attended the clinic in a fasting state, venous

catheters were placed in both arms and insulin (300 mU x mlI** ) was infused at a rate of 40
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mU x m2 x min. Plasma glucose was measured every 5 minutes and kept constant at 5 +0.5
mmol/l with a variable infusion of glucose 200 mg x mlI*. Total clamp duration was 150
minutes. During the last 30 minutes of the clamp, serum insulin was measured every 10 min
and the glucose infusion rate was calculated from the last 30 minutes of stable euglycemia and
was expressed in pmol x m x min. Due to lack of resources, the clamp was only performed

in 20 individuals at randomization and at the end of the study.
6 Ethics and approvals

The research was conducted in accordance with the Declaration of Helsinki. Written
informed consent was obtained by the study physician before any study procedures were
performed. The Regional Committee for Medical and Health Research Ethics of Norway
evaluated the studies. (Ref.nr. 204-04-03236, from 22.04.2004, Papers I-111). The RCT (Paper

IV) was registered at www.clinicaltrials.gov NCT02589756. The study was evaluated by the

Ethics committee for region 1 in Norway (Ref.nr. 2015/1930, from 01.10.2015). The upper
BMI border was extended to 38kg/m? in order to attain adequate recruitment within a
reasonable time limit. This change was approved by the Ethics committee with additional

(Ref.nr. 2015/1930, from 23.03.2017).
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7 Statistical analyses
7.1 Sample size and calculations

Power calculations were not performed for papers I-111 given the cross-sectional
design and the inclusion of several hundred participants from clinic referrals. Power
calculations were performed for the RCT reported in Paper IV. We used the data from
Nurses’ Health Study, because similar studies to the current one have not been performed
previously to help in calculation of sample size (105). Based on published data from this
study, we designed the clinical trial to show a difference in POPs between the intervention
groups and controls: Median HCB level of about 30 ng/g lipids, a difference of a mean of 36
ng/g lipids between groups with a standard deviation of about 9 ng/g lipids would require 36
participants in each group, with power set at 80% and alpha set at 5% We therefore calculated
that we need to include 40 participants in each group to allow for dropouts for a total of 120

participants.
7.2  Statistical analyses

Statistical analyses in all papers were performed using IBM SPSS Statistics for
Windows, version 21 (SPSS Inc., Chicago, IL). The significance level was set at p<0.05.
Continuous data are presented with mean value and standard deviation, mean value with
confidence interval or median with 25" and 75™ percentile (variables with no normal
distribution). In papers I-111, one-way analysis of variance (ANOVA) was performed to
analyze difference in 5 groups of metabolic syndrome components. Partial correlations were
performed as follows: Paper I: Between PYY3-36 and risk factors; Paper Il: Between BMI
and waist circumference and metabolic syndrome components and other biomarkers; and
Paper 111 between sums of POPs and BMI and total cholesterol. In paper | we performed

independent t-tests to compare components of metabolic syndrome and other risk factors
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across groups, as well as linear regression analysis to establish independent relationships
between PY'Y3-36 concentrations and risk factors that showed statistically significant partial
correlations. In paper 111 we also analyzed age-adjusted mean of POPs and calculated the 75%
percentile of each organochlorine pesticide and the sum of organochlorine pesticides was
calculated separately for each sex. The same procedure was performed for the sum of dioxin-
like PCBs, and non-dioxin-like PCBs, and we examined the data for U-shaped associations by
examining the mean of each metabolic syndrome component and its markers according to
tertiles of each organochlorine pesticide and tertiles of organochlorine pesticide, dioxin-like
and non-dioxin-like PCB sums. Bivariate correlations between POPs and age were performed
and finally binary regression model was used.

In paper 1V we followed the intent-to-treat principle with the last value carried forward
for dropouts, with additional complementary analyses of the per protocol population.
Independent Student’s t-test was performed comparing fatty fish group and nut group with
controls. Variables that were not normally distributed were presented as median and 25th and
75" percentile and changes were analyzed using the Mann-Whitney test.

7.3 Missing data

In paper I, we compared the subgroup that lacked PYY values (n=172) with included
participants (n=291). Mean BMI was similar in both groups (~46 kg/m?; SD~5). Mean age in
excluded participants was 42 years (SD 13) while in included mean age was 41 years (SD 11);
(t=1.3, p=0.3). Of those with missing values, 70% were women compared to 62% in the
included group (Chi? 2.3, p=0.08) and 24% versus 23% were smokers, respectively (Chi?0.04,

p=0.8).

In paper I, we compared the subgroup that was excluded due to missing values
relevant for metabolic syndrome (n=53) with included participants (n=547). Of those that

were excluded, 56% were women and 40% were smokers compared to 63% that were women
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and 24% smokers in included participants (Chi? 1.4, p=0.2; Chi? 7.0, p=0.008, respectively).
Mean BMI in those excluded was 43 kg/m? (SD 6) and age 42 years (SD 12), compared to
included participants with mean BMI 42 kg/m? (SD 5), and age 40 years (SD 12) which did

not differ (t=1.4, p=0.2; t=1.2, p=0.2, respectively).

Participants without adequate samples for analysis of POPs were excluded from paper
Il (n=116), 64% of them were women and 22% were smokers, while in included participants
(n=431), 63% were women and 25% smokers (Chi? = 0.05, p=0.8; Chi?>=0.5, p=0.5,
respectively). Mean BMI was 43 kg/m? (SD 6) and mean age 40 years (SD 13) in excluded
participants, while mean BMI was 42 kg/m? (SD 5) and mean age 40 years (SD 12) in
included participants (t =1.6, p=0.1; t=0,4 p=0.7 respectively), showing no substantial

differences between included and excluded participants.

Missing blood analyses of specific analytes are shown within Papers I-111, and these

numbers were small.

In paper 1V, number included of screened population was 175 participants, 31 did not
meet the criteria for the study and 13 declined to participate after screening. 131 participants

were randomized and 120 completed the study.
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8 Results

Paper |

The main finding of this study was that fasting PY'Y3-.36 concentrations correlated with
systolic blood pressure as the only component of metabolic syndrome after adjustment for age
and gender in participants with extreme obesity. In addition to partial correlations, linear
regression analysis was performed and showed that PY'Y3.35 concentrations were associated
with systolic blood pressure after adjustment for age, gender, and central obesity in the entire
sample (Beta 0.21; 95% CI 0.09-0.34) as well as in subjects not taking blood pressure-
lowering medication (Beta 0.19; 95% CI 0.04-0.36). These associations were not statistically
significant in the small subset of participants (22%) with type 2 diabetes. This might be due to
smaller selection of participants. PY'Y3.3s concentrations were not related to other metabolic

syndrome components, HOMA index or to inflammatory biomarker or leptin concentrations.

Paper Il

The main findings of this study were that degree of obesity, measured by BMI or waist
circumference, did not predict metabolic syndrome components, except for systolic and
diastolic blood pressure in men, and systolic blood pressure in women with morbid obesity,
BMI was not associated with number of metabolic syndrome components. Age and the
proportion of men increased with increasing numbers of components of metabolic syndrome,
and the level of each component of metabolic syndrome increased with increasing numbers of
components. Apolipoprotein B, ferritin, uric acid and alanine aminotransferase (ALT)
concentrations worsened with increasing metabolic syndrome components in ANOVA
analysis (p<0.0001) while BMI and LDL-cholesterol showed no association. BMI correlated
inversely with triglycerides (r=-0.16, p=0.03) and positively with HDL-cholesterol in men

(r=0.16, p=0.02) but not in women. BMI correlated with CRP (r=0.32, p<0.0001; r=0.24,
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p<0.0001 in men and women, respectively) and white blood cell count (r=0.24, p=0.001 in
men; r=0.15, p=0.008 in women). Truncal fat percentage correlated to CRP (r=0.31, p=0.03;
r=0.20, p=0.02 in men and women, respectively). In women, number of metabolic syndrome
components was inversely related to truncal and peripheral fat (r=-0.20, p=0.02; r=-0.42,
p<0.0001, respectively) as was ALT (r=-0.21, p=0.009; r=-0.38, p<0.0001, respectively) and
triglycerides with peripheral fat (r= -0.38, p<0.0001) while HDL cholesterol was positively
associated with truncal and peripheral fat (r=0.26; p=0.001). BMI and fat distribution showed
expected associations to biomarkers of inflammation, but we observed paradoxical relations

between fat indices and metabolic syndrome components.

Paper Il

The main findings of the study were that the odds of metabolic syndrome was
increased by 2.3 times (OR 2.3 [95% CI 1.3-4.0]) in participants with high circulating
concentrations of organochlorine pesticides (HCB, B-HCH, trans-Nonachlor, p,p’DDT,
p.p’DDE), 2.5 times (OR 2.5 [95% CI 1.3-4.8]) in participants with high circulating
concentrations of dioxin-like PCBs and doubled in those with elevated non-dioxin-like PCB
concentrations compared to those with lower circulating concentrations (OR 2.0 [95% CI 1.1-
3.8]) in logistic regression analysis adjusted for age, gender, BMI, smoking, alcohol
consumption and total cholesterol concentration. Age-adjusted concentrations of trans-
Nonachlor, dioxin-like and non-dioxin-like PCBs increased with number of metabolic
syndrome components in both genders (p<0.001), while the organochlorine pesticides HCB,
B-HCH and p,p’DDE increased only in women (p<0.008). Organochlorine pesticides were
associated with HDL cholesterol and glucose (OR=2.0 [95% CI=1.1-3.4]; 2.4 [95% CI=1.4-
4.0], respectively). Dioxin-like PCBs were associated with diastolic blood pressure, glucose

and homeostatic model assessment-insulin resistance index (OR=2.0 [95% CI=1.1-3.6], 2.1
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[95% CI=1.2-3.6] and 2.1 [95% CI1=1.0-4.3], respectively). These results suggest that higher

concentrations of POPs increase risk of metabolic syndrome in morbidly obese individuals.
Paper IV

The main finding in paper 1V was that there was no change in circulating
concentrations of 15 POPs during 6 months of high dietary intakes of fatty fish compared to
avoidance of fatty fish in the diet among persons with overweight or obesity and risk of
cardiometabolic disorders. Changes in concentrations of all individual and classes of POPs
did not differ between the dietary groups (p>0.05). Among cardiometabolic risk factors HDL-
cholesterol increased in the fatty fish group compared to controls (increase of 0.10 mmol/L,
CI1[0.05-0.20]; p=0.005). Results of the hyperinsulinemic-euglycemic clamp analyses were
not shown in the published paper due to lack of space. We observed no changes in glucose
infusion rate in participants in the fatty fish and control groups. Glucose infusion rate in fatty
fish group showed a change of 0.04 pmol x m2 x min? (SD 1.1), [4.5 umol x m? x min™* (SD
2.3); 4.5 pmol x m2 x min (SD 2.3) baseline, end of the study, respectively] and in controls -
0.3 umol x m2 x min? (SD 2.0), [5.3 umol x m? x min (SD 2.0) 5.1 umol x m? x min* (SD

2.4) baseline, end of the study, respectively]; p=0.7 between groups.
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9 Discussion
9.1 Methodological discussion
9.1.1 Participants and selection bias

Papers I-111 were based on a previously collected dataset including consecutive
patients referred by their general practitioner or by a medical specialist to the Preventive
Cardiology Clinic at Oslo University Hospital, Oslo, Norway. In paper I, we only included
participants with extreme obesity, with or without comorbidities, as this subgroup has only
been studied to a limited degree previously in relation to their cardiometabolic risks. In paper
I1, participants with morbid obesity were included if they had one or more components of
metabolic syndrome (waist circumference was as expected elevated in all) in order to study
individuals with metabolic risk. Participants from paper Il were included in paper Ill, if they

had banked blood samples that were used in analysis of POPs.

For paper 1V we recruited healthy volunteers with BMI between 25 and 38 kg/m?.
Most participants were respondents to newspaper advertisements. A few of the patients were
treated previously at the Preventive Cardiology Clinic and gave informed consent to

participation in the study.

Selection bias is a distortion of the results based on selection of the study participants
leading to conclusions that do not accurately represent the target population to which they are
being extended. This usually occurs because of bias in selecting participants for the study
(115). Participants in papers I-111 were consecutively referred to the clinic and almost all
agreed to participate, as describe previously. They were mainly referred from their general
practitioner for treatment for overweight, obesity and comorbidities. We suggest that they
may be representative for the population in general though there may be a question as to

representation of ethnic groups. We estimated that this clinic-based obesity population
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included ~ 9-10% non-ethnic Norwegians (based on names). Thus, this group was at least
partially represented. However, the proportion of inhabitants of non-ethnic Norwegian
descent in Oslo is over 30% and in Viken is over 15%. We did not perform subgroup

comparisons of this group due to their limited numbers.

Statistical analysis of the excluded participants from papers I-111 showed no substantial
differences from included participants regarding main anthropometric characteristics. The
main exception is those included in papers Il and 11 where those with missing criteria for
metabolic syndrome were more likely to be smokers. This seems to be in line with for
example studies on mass-screening programs in Europe and Australia (116, 117). In these
studies smokers were more likely to not participate in screenings compared to non-smokers,

possible because smokers may underestimate unhealthy health behaviors (118).

In paper IV participants may be defined as more or less healthy overweight or obese
people, possibly more interested in research, and many of them with good cultural resources,
or “healthy volunteers”. Participants were approximately equally divided according to gender
and selected regarding the presence of overweight or obesity and at least 1 other
cardiometabolic risk factor. The participants probably were representative of the population
with cardiometabolic risks given the wide inclusion criteria, though we do not have a

population-based comparative group.

9.1.2 Study design

Papers I-111 were based on cross-sectional designs. A cross-sectional study is a form of
observational study, where factors such as changes in lifestyle or environment or unmeasured
confounders cannot be completely assessed. The advantage of cross-sectional studies is that
they can be conducted with low expense, and many participants can be recruited. However,

cross-sectional studies cannot conclude regarding cause and consequences of risk or disease.
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In our studies we were limited to single measurements for all laboratory analyses and physical
characteristics including blood pressure, which may be affected by several factors (stress,
meals the previous day, physical activity). Thus, the measures are moment specific and may

fluctuate over time.

In paper | only participants with extreme obesity were included with no control group,
due to lack of a normal weight or less obese population for comparison. In paper II,
individuals with BMI = 35 kg/m2were included to better understand the relations between
obesity and metabolic syndrome. Again, a weakness was lack of a less overweight population

as a comparison.

Paper IV was a randomized clinical trial where participants were allocated at random
to receive 1 of 3 dietary interventions and followed prospectively. Paper IV had several
strengths, among them the randomization procedure with stratification for gender and BMI
resulting in approximately equally distribution of participants according to gender and BMI.
Participants had to be willing to be assigned to any of the three dietary groups. Participants
were randomized by strata that were produced by an independent statistician. Strata lists were
placed in an envelope which was opened by an independent patient secretary that did not
otherwise participate in the study. We used 4 different strata defined as follows: women with
BMI between 25.0 kg/m? and 29.9 kg/m?, women with BMI between 30.0 kg/m? and 38.0
kg/m?, and men with BMI between 25.0 kg/m? and 29.9 kg/m? as well as men with BMI
between 30.0 kg/m? and 38.0 kg/m?. Strata included randomization number and a group code
(F for fatty fish, N for nuts, and C for controls). Compliance was assured at every visit and
was controlled in the FFQs. A major limitation of the study is that we could not perform a
blind or double-blind RCT, because of the nature of dietary studies. Furthermore, analysis of
the data was not done blindly as the doctoral student’s responsibility included both following

participants and analyzing the data.
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9.1.3 Information and confounding biases

Errors can occur in all phases of research and consequently lead to measurements that
are different from true values and can lead to false conclusions. These errors are called bias
(119). Different types of bias, especially those that are relevant in this thesis include

information and confounding biases.

Information bias relates to information given by the participants. In papers I-111
information bias can be present in regard to smoking status or other lifestyle factors, because
the information was based primarily on self-report. A specific type of information bias, also
called recall bias may be defined as systematic errors when participants do not remember
previous events accurately, often related to characteristics of the exposure of interest of the
respondents (120). Information bias may be present in data on diet or alcohol consumption, as
examples. We did not have data on physical activity and dietary data in papers I-11l. On the
other hand, recall bias regarding diet may be present in paper 1V, where participants filled out
food frequency questionnaires. This occurred firstly, at randomization, where they were asked
to describe their diet 1 year back in detail. And this could have occurred at the end of the
study, when describing diet during the study. Also, the complexity of the FFQ may have led
to this type of recall bias. Some of the participants did not fill out their questionnaires at the
end of the study, which may be defined as non-response bias, also a part of information bias.
Lately, it appears that error terms for certain nutrients may be much larger in FFQ data than in

food diary data (121).

Confounding bias is defined as “’mixing of effects’” due to an additional, usually not
known parameter resulting in a distortion of the true associations (122). In paper | we
performed linear regression model and controlled for age, gender and central obesity, as well

as use of a blood pressure lowering medication. In paper Il we controlled for age, gender and
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smoking status. In paper 111 we first calculated age-adjusted means of POPs concentrations. In
multiple logistic regressions we controlled for age, gender, BMI, smoking status, alcohol
consumption and cholesterol concentrations. However, cross-sectional studies will generally

retain confounding bias despite control for known confounders.

In paper IV we used a randomized controlled design to avoid bias and a randomization
procedure with stratification for gender and BMI. The study was conducted prospectively,
with changes in risk factors and POPs in 2 intervention groups compared to a control group

that avoided fatty fish or nuts consumed in the intervention groups.

9.1.4 Internal and external validity

Internal validity refers to the utility of the results valid for the studied population
(123). Internal validity is how well a study is done, particularly whether it avoids
confounding, with other words, internal validity is higher when there is less confounding
(124). Internal validity in paper IV is strong, because participants were encouraged to
maintain a stable lifestyle and did not fluctuate in body weight. However, we did not collect

data on physical activity.

External validity refers to the utility of the results end implementation in populations
outside the study (123). The question is whether the results may be valid for other overweight
and obese individuals or persons with the same characteristics as in our study. Participants
from papers I-111 are probably representative of the treatment-seeking part of the obese
population living within reasonable distance from the clinic. Some of the referred participants
may have not been interested in treatment but were referred to the hospital clinic for
evaluation and to increase their motivation (personal observations). This type of recruitment
may also be a disadvantage, because it may affect patients’ motivation positively, and may

have implications on some results. Population from paper 1V represent obese people with
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possibly higher cardiovascular risk due to presence of at least 2 parameters of metabolic
syndrome (waist circumference and 1 more) than the general obese population, and the results

may be valid in obese people with similar cardiometabolic risk.

9.2 Surrogate markers of cardiometabolic risk

Surrogate markers can be defined as ‘’a laboratory measurement or physical sign that
is used in therapeutic trials as a substitute for a clinically meaningful endpoint that is a direct
measure of how a patient feels, functions, or survives and is expected to predict the effect of
the therapy”, and these biomarkers must be separated from measurements that reflect the
activity of a disease (125). Such markers may be causal of disease, but are often mediators,
regulators or reporters of disease (quoted from a webcam with Professor Chris Packard).
Anthropometric measurements, including waist circumference and BMI have been
traditionally used in defining cardiometabolic risk and are highly correlated. Laboratory
analyses such as lipids and lipoproteins (triglycerides, LDL cholesterol, apolipoprotein B),
glucose, inflammatory markers (ferritin, CRP) are in wide practical use. Some are causal
(LDL cholesterol) while others are mediators (CRP). For instance, a study based on
mendelian randomization showed that CRP is not a causal factor of CHD (126). Some
surrogate markers may have limitations due to fluctuations and many parameters influencing
it. An example would be insulin levels. Potential good surrogate endpoints in studies should
assure information of causality, and result in endpoints that provide better live quality,

longevity, and are at reasonable cost (127). Not all surrogates have this capacity.

9.2.1 Markers of metabolic syndrome and insulin resistance

Metabolic syndrome is tightly associated with insulin resistance. Some markers may
indicate metabolic syndrome better than others. For instance, C-peptide is suggested as a

better surrogate marker of CVD in diabetes patients than insulin, due to less measurement
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variability and given its effect on smooth muscle cell proliferation and inducing
atherosclerosis (128). C-peptide is produced in equimolar amounts to insulin and has
traditionally been used as B-cell functional marker, because of its stable concentration in
circulation and insignificant hepatic clearance, while about %2 of secreted insulin is
metabolized by first-pass through the liver (129). C-peptide measurements are cheap,
facilitating measurements in routine clinical practice, and non-invasive (130). C-peptide is a

good parameter of insulin secretion, but not its function (113).

Taken from the broader perspective, there are several other indices of metabolic
syndrome than those that are not part of the strict definition, such as CRP levels, other
markers of subclinical inflammation, fatty liver, polycystic ovary syndrome and others. These
markers tend to be correlated with each other but may represent different aspects of the
condition. Elevated CRP is prevalent even among individuals with metabolically healthy
obesity, and may contribute to identifying the risk of adverse outcomes in this group (131).
White blood cell counts have been also been connected to metabolic syndrome (132). We
found that the white blood cell count correlated with both BMI and waist circumference in
both men and women (57). Fatty liver may be indicated by elevated transaminases, which are
correlated with ferritin and uric acid concentrations. These are all associated with severity of
metabolic syndrome (133, 134). Apolipoprotein B correlates with metabolic syndrome,

independently of LDL-cholesterol levels (135), which is in line with our results.

9.2.2 The Homeostatic Model Assessment for Insulin Resistance

Another indicator of metabolic syndrome is the Homeostatic Model Assessment for
Insulin Resistance index (HOMA-IR), which increases significantly with increasing number
of metabolic syndrome components and it is still an easily calculated parameter of insulin

resistance and metabolic syndrome (136), and it is a widely used epidemiological and clinical
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method for assessing insulin resistance (IR) from fasting glucose and insulin or C-peptide
concentrations (113). The notion of defining HOMA-IR index is based on the inappropriate -
cell response to raising plasma glucose concentrations, in individuals with insulin resistance,
or decreasing the effects of plasma insulin concentrations at both the liver and the peripheral
tissues (137). The originally suggested HOMA-IR index was calculated and simplified (113),
which is the calculation used in the current studies. HOMA-IR index needs to be interpreted
carefully, as it is a surrogate marker of insulin resistance. Furthermore, it rarely shows a
normal distribution, which requires logarithmic transformation (113). HOMA-IR index is
based on fasting insulin levels and glucose, and thus does not describe post-prandial effect of
insulin, and furthermore does not differ between hepatic and peripheral insulin resistance

(138).
9.2.3 Hyperinsulinemic-euglycemic clamp

The hyperinsulinemic-euglycemic clamp described in 1979 by DeFronzo and
colleagues (139), has become the gold-standard method to assess insulin sensitivity today,
and is widely used in clinics and laboratories to measure insulin action on glucose utilization
in humans for clinical research (140). However, the method is expensive and time-consuming
and requires high human resources as well. Our data on clamp are modest, and we did not see
any change in glucose infusion rate in the 2 groups. The sample size is the main limitation for
this clamp analysis. The clamp procedure was performed in an animal model and showed that
exposure to POPs from the diet leads to insulin resistance (141). In a human model,
individuals that were examined with this method in a cross-sectional study showed that
prediabetic and diabetic patients had higher levels of POPs in comparison of normoglycemic
individuals (142). Thus, this method is relevant to study of POPs. However, we cannot draw
any material conclusions from our clamp analyses due to the limitations mentioned above. A

sample size calculation based on a glucose infusion rate of 6 (SD 2) umol x m? x mintin the
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group consuming fish versus 20% less in the control group would require that the procedure

be completed in all the participants (ClinCalc.com).

9.3  Categorization of POPs

As very many different types of POPs are found and have been studied, we grouped

them according to their chemical structure or origin and use as follows.

Organochlorine pesticides are chlorinated hydrocarbons, which were in use in
agriculture and mosquito control, especially during 1940-1960, but are still present in soil
today. One of the most known pesticides is p,p’DDT or commonly known as DDT. PCBs
were used in electrical equipment or hydraulic fluids, heat transfer fluids (coolants), and could
be released into the environment through, leaks from electrical equipment. As the other
organic pollutants, they can be transferred long distances in the environment. They can? be
found in air, water, soil, and sediments throughout the world. In paper 111, we analyzed POPs,
mainly organochlorine pesticides and dioxin-like PCBs and non-dioxin-like PCBs. All
organochlorine pesticides with the exception of p,p’DDT, increase with number of metabolic
syndrome components, and in men, dioxin-like and non-dioxin-like PCB concentrations
increased according to number of metabolic syndrome components. High concentrations of
dioxin-like PCBs and non-dioxin-like PCBs are associated with metabolic syndrome and
some of its components in morbidly obese people, and this might be a first study that explores
these relations. Both organochlorine pesticides and PCBs were related to glucose metabolism
and type 2 diabetes in previous studies (143, 144). Previous research suggests that persistent

PCBs with > 7 chlorines may be more predictive than other PCBs (104).

9.4 Discussion of results and limitations

9.4.1 Adipokines and gastrointestinal hormones in patients with extreme obesity
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Our main findings from paper | were that fasting concentrations of the PY'Y3.36 did not
correlate with the number of metabolic syndrome components. The sole exception was the
correlation between PY'Y3.35 and systolic blood pressure in the entire sample and in
participants not taking blood pressure lowering medication. The other markers of metabolic
disturbances or inflammatory biomarkers or lipids (LDL cholesterol, apolipoprotein B), leptin
concentrations as well as HOMA-IR index were not related to this gastrointestinal hormone in
extremely obese subjects. Our main findings of no relation between PYY .36 concentrations
and metabolic syndrome components, insulin resistance or presence of type 2 diabetes differ
from some published studies. A study published in 2015 suggested that in patients with
coronary artery disease, not selected for obesity, high concentrations of PY'Y3.35 were
associated with type 2 diabetes and insulin resistance, as well as with obesity (145). The same
study found associations between high concentrations of PY'Y3.36 and high fasting glucose,
but the same association was not found when BMI was removed as confounder (145). Our
findings were like other studies that studied extremely obese individuals (146). Some authors
speculated about possible connections between insulin, leptin and PY'Y resistance (shown by
elevated levels). Fasting PYY3.3s concentrations were not related to other inflammatory
markers (CRP, ferritin, and white cell count) in our study. Our main findings may be
consistent with an animal study that showed vasoconstrictive effect of the hormone, and its
presence in the atherosclerotic plaque in the same vessels (147). Another study from 1986

showed that intravenous infusion of PY'Y caused significant vasoconstriction (148).

PYY3.36 is a hormone of clinical relevance. Weight loss after Roux-en-Y gastric
bypass showed that concentrations of PY'Y3.3s hormone did not differ between participants
with and without weight reduction after bariatric surgery (149), but some authors have
suggested the opposite, that following gastric bypass surgery anorectic gut hormones, such as

PYY and GLP-1, are elevated and play crucial role in postprandial satiety in those patients.
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PYY has been considered to have the potential of playing a role as a pharmaceutical treatment
of obesity, but may be most effective if administered in combination with other substances

(32).

The most important limitation of paper | is that we only had a single pre-prandial
PY'Y3.3s measurement. A study showed that postprandial PYY concentrations are positively
associated with gray matter volume bilaterally in the caudate nuclei, and may modulate eating
behavior via striatal networks (150), unfortunately we did not have these measurements.
Further, we did not compare our results with those in individuals with lower levels of obesity,
or lean individuals. Blood pressure was measured at clinical visit only as a single occasion,
and it would be useful to compare these results to results that could be seen with an

ambulatory 24-hour blood pressure measurement.

9.4.2 Metabolic syndrome in patients with morbid obesity

The main finding of paper Il was that the degree of obesity, either measured by waist
circumference or BMI was not a predictive factor of metabolic syndrome components in
women with morbid obesity, except for systolic blood pressure. On the other hand, in men
within same obesity degree, both systolic and diastolic blood pressures were positively
correlated with these 2 markers of obesity, but we also observed reciprocal relation of BMI
and lipids. Further, our findings showed decreasing amount of total and truncal fat and at the
same time increasing number of metabolic syndrome components in both genders, while the
same effect was observed for peripheral fat only in women. In this study 1/3 of population
were men, and all results were controlled for age and smoking. The fact that BMI or waist
circumference did not correlate with the number of metabolic syndrome components may
suggest that other factors determine metabolic syndrome in morbid obese individuals, such as

hepatic fatty infiltration as described in other studies (133) or heredity or other unmeasured
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factors. Previous studies included limited samples of severely obese individuals (151-153).
Further, waist circumference was weakly associated with number of metabolic syndrome
components in our study, and only in women. These findings may suggest that waist is more
useful in determining of metabolic syndrome in less obese or non-morbidly obese individuals,
than those who are morbidly obese. CT scan visualization would be of higher interest than the

dual-energy x-ray absorptiometry (DXA) method we used.

More than 2/3 of our sample met the metabolic syndrome criteria (41). The rest of the
sample were ‘’metabolically healthy’” but obese individuals (34), and most of them were
women of younger age. The latter observation indicates that they may not be permanently

protected from metabolic disturbances (154).

As expected, CRP was correlated with BMI and waist circumference, both in men and
women. The white blood cell counts correlated with the same markers but were not elevated
in the same grade as highly sensitive-CRP. Even though these inflammatory biomarkers did
not correlate with severity of metabolic syndrome, CRP showed associations with total,
truncal and peripheral fat depots. These findings are consistent with studies that showed that

subclinical inflammation is important indicator of metabolic risks of obesity (134, 155).

We studied liver dysfunction and oxidative stress markers (ferritin, uric acid, ALT).
Ferritin and uric acid concentrations were associated with severity of metabolic syndrome,
which suggest that they can be useful markers of metabolic disturbances, as shown in other
studies (134). ALT concentration is the indicating factor of liver dysfunction and is
traditionally associated with severity of metabolic syndrome and waist circumference in
women. Our reciprocal associations between ALT and fat depots in morbidly obese women
may suggest protective role of fat depots, but this is not possible to conclude in a cross-

sectional study.
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Dyslipidemia characterized by high triglycerides, low HDL cholesterol and small
dense LDL particles in overweight or obese individuals is well documented (156). Lipolysis
of triglyceride-rich lipoproteins is reduced, accelerating the development of small dense LDL
particles, low HDL cholesterol levels and small dense HDL particles and relatively high
apolipoprotein B levels. However, we found no relation between BMI or waist circumference
and lipids in women, while in men; relationships were paradoxical, with positive relations
between BMI and HDL-cholesterol and an inverse relationship between BMI and
triglycerides. There is a possibility of sequestering of fat in adipose tissue in morbid obesity
which gives some explanation of our paradoxical findings (157). Overall, we may speculate
that extremely obese individuals may not exhibit the same dysregulation of lipids as

individuals with less obesity.

A limitation of this study is selection of the participants which was solely a morbid
obese population, where all participants had BMI > 35 kg/m?. We did not have a lean or less
overweight population for comparison. Further we lacked dietary, alcohol consumption and
physical activity data of the participants. Less than 1/2 (38%) of participants completed DXA
measurements, due to limitations of DXA machines in measuring very heavy individuals

weighing above 120 kg.
9.4.3 POPs in patients with morbid obesity

Paper Il was a cross-sectional study conducted in morbidly obese men and women,
based on the same population as Paper I, but including only those participants that had
available blood samples in the biobank for the analysis of POPs. To our knowledge, this is the
first study to explore the relation between POPs concentrations and metabolic risks in the
morbidly obese individuals. The main findings were that odds of metabolic syndrome were

increased by 2.3 times in participants with high circulating concentrations of organochlorine
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pesticides, 2.5 times in participants with high circulating concentrations of dioxin-like PCBs
and doubled in those with elevated non-dioxin-like PCB concentrations compared to those

with lower circulating concentrations.

In participants with elevated organochlorine compounds, the concentrations of HDL-
cholesterol was decreased, which was also observed in a prospective study of 10 top ranked
POPs, including hexachlorobenzene (158), while fasting glucose concentrations were elevated
which is in line with the definition of metabolic syndrome (41). In participants with elevated
dioxin-like PCBs, diastolic blood pressure and fasting glucose concentrations were elevated,
as was HOMA-IR, indicating insulin resistance. This seems to be in line with other studies,
that organochlorine pesticides have been shown to increase risk of hypertension in overweight
Spanish subjects over a 10-year follow-up period (159). The highest concentrations of POPs
were also associated with systolic and diastolic blood pressure in linear regression tests in
persons with hypertension, when adjusted for covariates, while in normotensive subjects

blood pressure was related to the top tertile POPs concentration (160).

The population studied may represent a higher cardiovascular risk population than the
general obese population, given their referral for treatment. Despite likely selection bias, over
25% of men and 40% of women did not meet the definition of metabolic syndrome, as they
demonstrated only 1-2 components, including waist circumference, in all cases, and none or

only 1 more metabolic syndrome component.

Age-adjusted concentrations of POPs increased with number of metabolic syndrome
components, and they were strongly age-related. Lipophilic compounds accumulate in fat
deposits with time and older patients were exposed to high exposures at a time when

environmental levels were higher than today.
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Studies in non-diabetic subjects have found associations between POPs and
dyslipidemia and metabolic syndrome or high fasting glucose concentrations (161). As
mentioned before, POPs were grouped into three categories, according to their chemical
structure and origin or use (organochlorine pesticides, dioxin-like PCBs and non-dioxin-like
PCBs). In addition both of these were shown to have an effect on metabolic syndrome as well,
but synergistic effects were not found (158). They were also connected to the other metabolic
disturbances (104), such as fasting glucose. We did not find a significant association between
waist circumference and organochlorine pesticides in morbidly obese individuals, but some

studies have such findings with organochlorine pesticides (161, 162).

We found that dioxin-like and non-dioxin-like PCBs were weakly, and not
significantly inversely associated with BMI. A dilution effect of very high BMIs on POPs has
been described. When absorption of POPs exceeds elimination rate and this might be the case

(163).

We found an inverse relation between concentrations of non-dioxin-like PCBs and
CRP concentrations in men. Similar results were observed in a cross-sectional study of non-
diabetic participants in the United States (164). In our study only organochlorine pesticides
were positively associated with CRP concentrations. CRP levels were associated with

HOMA-IR only in subjects with high POPs, possibly indicating effect modification by POPs.

The main limitation of the study is that we did not have data regarding dietary habits
or physical activity. Further, we did not normalize POPs concentrations for lipid values,
though we controlled for cholesterol concentrations in regression analyses. Normalization for
lipid concentrations is controversial (165). We did control analyses with controlling for lipids,
and this did not change our results substantially. Levels of POPs that we used are circulating

POPs levels, which possibly may differ from levels in adipose tissue and liver.
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It is possible that subcutaneous adipose tissue has a lesser storage capacity than
visceral adipose tissue which may result in increased lipolysis and release of free fatty acids

(166, 167).

9.4.4 Effect of diet on POPs in patients with overweight and obesity

Paper 1V was a randomized controlled clinical trial. The main findings were that
circulating concentrations of 15 POPs during 6 months of high dietary intakes of fatty fish did
not increase compared to the group that avoided fatty fish among persons at higher risk of
cardiometabolic disorders. We also included a group consuming nuts and avoiding fatty fish,
but we did not find any differences between these groups either. Only HDL-cholesterol
increased in the group consuming fatty fish. More frequent ingestion of fatty fish showed

lower levels of non-HDL cholesterols in a Japanese cross-sectional study from 2020 (168)

The strength of the study is that we used a randomized controlled design to avoid bias
and a randomization procedure with stratification for gender and BMI. That means also that
we had approximately equally distribution of participants according to gender and selected
regarding the level of overweight or obesity in each group. We had a low level of dropouts
overall (~8%). Further, we are unaware of any published similar randomized interventional
studies that explored POPs concentrations in overweight and obese individuals regarding fatty

fish intakes.

We used the same method of classifying POPs as in previous study (organochlorine
pesticides and dioxin-like and non-dioxin-like PCBs), based on associations between these
groups and cardiometabolic disturbances both in cross-sectional and prospective studies (169,
170). POPs are associated with several cardiometabolic risk factors, and conditions related to
overweight and obesity including insulin resistance and related disorders (171). A study that

examined Inuits living in Greenland that consume large amounts of fish found that POPs may
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adversely affect insulin secretion (172). Elevated p,p’DDE concentrations have been
demonstrated in patients with diabetes (173). We did not find changes in HOMA-IR index or
in the glucose infusion rate (clamp) between participants in the fatty fish group versus
controls (as mentioned previously, only 10 individuals from each group underwent the clamp

procedure).

Our results regarding fatty fish consumption and increase in HDL-cholesterol levels
supports a study conducted in volunteers that found that fatty fish increased HDL particle
diameter and concentrations of lipid components in HDL-cholesterol (174). This finding may
indicate that the increase in HDL-cholesterol in the fatty fish group compared to the group
consuming nuts reflected the lack of fatty fish in the diet of the group consuming nuts. We did
not find a reduction in triglyceride concentrations in the fatty fish group, perhaps because
participants’ baseline levels were only mildly elevated. Our results support the notion that the
overall health benefits of high consumption of fish may outweigh the adverse effect of

contaminants (175).

We found no increase in POPs in the nuts group compared to controls in the current
study. Nut consumption may lower all-cause mortality and CVD (88). Cohort and
interventional trials indicate that some nutrients that are richly found in nuts could be linked
to beneficial health effects of nuts (176), for example lower LDL-cholesterol (174) but this
was not the case in our randomized trial. A randomized crossover trial found that both fatty
fish and walnuts lowered cholesterol and triglyceride concentrations in individuals with
normal or mild hyperlipidemia (177). A hypocaloric vegetarian diet did not find any reduction
in concentrations of POPs compared to conventional diet, possibly because of mobilization of

fat stores in response to a decreased calorie intake (178).
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The weakness of the study was the short study period of 6 months, but a longer study
duration of 1 year or more that would be more optimal to show changes in POPs

concentrations, may raise concern about compliance and lack of motivation in participants.

We are aware of possible recall bias while filling out the FFQ, as the FFQ covered a
year at inclusion and the past 6 months at the end of the study. Composition of salmon has
been changed due to feed changes from marine-based diet in the early 1990s to a 70% plant
based diet at present and has resulted in a lower n-3 fatty acid content of the fish (179). We
did not analyze polycyclic aromatic hydrocarbons (PAHS), which are present in vegetable oils

that are in use today (180). We did not analyze the content of POPs in the nuts used.

We did not analyze adipose tissue samples, but another study indicated that a
consumption of 380 g of farmed salmon weekly did not increase concentrations of some POPs
neither in plasma or in adipose tissue, so that serum levels of POPs may be representative for

the levels in adipose tissue (181) .

Yu-Mi Lee and Duk-Hee Lee raised some critical aspects to paper IV (182). They
argued that serum concentrations of POPs are mainly determined through the release of POPs
from adipose tissue into the circulation, especially in obese individuals due to abnormal
adipocytes and lipolysis, and not as the absolute amount of POPs from external sources.
Further, in their opinion, the RCT may be a disadvantage, independently of study duration.
Cross-sectional studies may be a better model, as they capture long-term fatty fish intake.
They suggest that lowering risks due to POPs requires better control of toxicokinetics, that
could be influenced by lifestyle, rather than avoidance of POPs from external sources. For
example serum concentrations of POPs among physically active subjects were significantly
lower than in physically inactive, and moderate fat diet with low carbohydrate ingestion, may

result in lower POPs concentrations (182).
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However, we do not believe that the RCT model is flawed in answering the question
about diet and POPs; furthermore, cross-sectional studies based on food questionnaires
covering a long period of time, may be fraught by uncertainties and bias (121). A study that
authors cited shows that diet affects POPs concentration. They refer also to animal studies,
which differ substantially from human clinical trials. Current dietary recommendations
suggest that pregnant women should avoid fatty fish, due to the effect of diet on POPs
concentrations for the pregnancy period of 9 months indicating that even short term intakes
may influence risk Our findings cannot be extrapolated to how consumption of other fish
sources with longer exposure may affect POPs exposure in humans, and potential health

consequences (183).
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10 Conclusions

Paper |

In extremely obese patients, fasting PY'Y3.3s concentrations were linked to systolic blood
pressure, but not to other components of metabolic syndrome, suggesting divergence between

pathways of blood pressure and glucose/body weight regulation.

Paper 11

BMI and fat distribution showed expected associations to inflammation biomarkers, but
paradoxical relations between fat indices and metabolic syndrome components and

biomarkers were seen. This suggests a need for better markers of CVD risk in morbid obesity.

Paper Il

In subjects with morbid obesity, metabolic syndrome was related to circulating levels of
organochlorine pesticides and PCBs suggesting that these compounds aggravate clinically

relevant complications of obesity.

Paper IV

Fatty fish consumption for 6 months did not increase the serum concentrations of POPs in
individuals with overweight or obesity and metabolic risk. While this finding appears

reassuring regarding farmed salmon longer periods of high intakes require further study.
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11 Future research

The field of metabolic syndrome is currently a subject of intensive and long-term
study. Since the definition of metabolic syndrome was promoted in the late nineties, many
studies were conducted to analyze and describe the mechanisms and hazardous effects of

metabolic syndrome on especially CVD and CHD.

On the other hand, it is still unknown why some individuals remain metabolically
healthy despite to overweight or obesity. Genetics may be important factor. Further, duration
of overweight and obesity affect whether a person develops metabolic disorders. We still
search for adequate treatment for obesity, some gastrointestinal hormones have shown good
results (GLP-1), but PY'Y3.3s may have side effects such as hypertension. We need larger and
longer RCTs to examine these effects in a long term. Metabolic syndrome does not need to

correlate with BMI, but further analyses including also lean population need to be done.

The effect of our environment on what we eat has attracted increasing attention in
more recent years. POPs appear to play an important role in the development of metabolic
disturbances. They may be potential disruptors and triggers of metabolic alteration. The
standard recommendations for diet and physical activity have not shown great success rates in
reducing incidence of obesity and metabolic disturbances. One of the aspects requiring more

attention may be the effect of pollutants in the food supply.

Knowledge about relations between diet, metabolic disturbances, pollution and satiety
hormones is still poor, and we need more clinical trials to understand them better. These trials

may be difficult to conduct, to recruit participants, and find data sources.

We need studies in various patient groups, longer studies and better understanding of
diets implications of POPs on human health in order to answer questions like, what is the

primary cause of POPs accumulation in body and what is the time perspective for hazardous
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effects of POPs? These questions may first require more animal studies before attempting
more human studies. In addition to studying the effects of diet, we need a better understanding
of physical activity and its effect on POPs accumulation, alone or combined with diet

recommendations.

Production of Norwegian salmon has changed from using animal foods and oils to
vegetable foods, but this may increase levels of other pollutants in the fish. We still do not

have enough data about newer pollutants’ possible implications on human health.

How to provide safe foods for our populations? Climate changes and pollution are
increasing phenomenon, even though most POPs are banned or restricted, they are still

present in the nature, and new types are produced.
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13. Appendix

Sjekkliste for deltakere i studien

OPPFYLLER FGLGENDE KRITERIER FOR METABOLSK

SYNDROM:SCREENINGNUMMER:

Kjgnn: mann kvinne

Livvidde: >102/88 cm

Triglyserider: > 1,7

HDL-kolesterol < 1,0/1,3

Blodtrykk > 130/85 eller bruk av medisin

Blodsukker > 5,6

Det ble tatt utskrift av blodprevesvaret

Dato og signatur lege ansvarlig for screening

ja

ja

ja

ja

ja

ja

nei

nei

nei

nei

nei

nei
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Er du overvektig og interessert i kostholdet?

Ved Seksjon for preventiv kardiologi, Oslo Universitetssykehus, vil vi undersgke

helseeffektene av a spise fet fisk eller ngtter.
Du kan delta i studien hvis du:

e Bori Oslo eller omegn, eller er ofte i Oslo?
e Erialder 40-65 ar?

Har overvekt eller moderat fedme med BMI (kroppsmasseindeks) 25-35 kg/m?

Du kan ikke delta dersom du: Rayker, har diabetes type 1 eller 2, er allergisk overfor fet
fisk eller natter.

| studien vil du bli tilfeldig trukket ut til & vaere i 1 av 3 grupper:

- Fiskegruppen som skal spise fet fisk og unnga ngtter (kan i tillegg spise mager fisk
eller sjgmat)

- Ngttegruppen som skal spise ngtter og unnga fet fisk (men kan spise mager fisk eller
sjgmat)

- Kontrollgruppen som skal unnga bade ngtter og fet fisk (men kan spise mager fisk
eller sjgmat)

All oppfelging under studien og studiematen er gratis.
Kontroll gruppe far et gavekort pa 1200 kr.

- Studien krever at du mgter opp i alt ca. 6-10 ganger i lgpet av 1/2 ar ved Seksjon for
preventiv kardiologi, Oslo Universitetssykehus, Ulleval til undersgkelse og utlevering

av matvarene. Vi tar hensyn til dine andre planer nar vi setter opp avtalene.
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Oppfelging hos klinisk erngringsfysiolog rett etter din deltakelse for eventuell vektreduksjon

tilbys til alle interesserte.

Hvis du er interessert i a delta eller gnsker mer informasjon om prosjektet ta uforpliktende

kontakt helst pa e-post sasdus@ous-hf.no eller alternativt pa telefon

22118619 eller mobil 46425054.

MALING AV INSULINF@LSOMHET | FORSKNINGSPROSJEKTET

«ORGANISKE MILIZGIFTER OG FEDME»
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Protocol clamp:

Background:

All subjects will have their insulin sensitivity measured from fasting surrogate markers. In
a subsample estimating insulin sensitivity with state of the art methodology is highly

warranted.

Aim: To estimate insulin sensitivity measured as glucose infusion rate pre and post-

intervention.

Measurement of insulin action by the use of euglycemic hyperinsulinemic clamp

Euglycemic hyperinsulinemic clamp

An initial 9 minutes priming infusion, determined by the participant’s pre-clamp plasma
glucose, is given. Insulin 300 mU x ml* is then infused at a rate of 40 mU x m? x min™,
Plasma glucose is measured every 5 minutes. When plasma glucose is less than 6.0 mmol
x I't a variable infusion of glucose 200 mg x ml? is begun, and subsequently adjusted to
obtain plasma glucose close to 5 mmol x I, Total clamp duration is 150 minutes. During
the last 30 minutes of the clamp, serum insulin are measured. The glucose infusion rate is
calculated from the last 30 minutes of stable euglycemia, and is expressed in pmol x m2 x
mint. The euglycemic hyperinsulinemic clamp will be performed at the Diabetes
Research Laboratory at Oslo University Hospital Aker headed by Dr Hanne L Gulseth.
The clamp will be performed for 15 subjects in the control and 15 patients in the fish group

pre and post-intervention.
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Forespgrsel om deltakelse i forskningsprosjektet

MALING AV INSULINF@LSOMHET | FORSKNINGSPROSJEKTET
«ORGANISKE MILJZGIFTER OG FEDME»
Dette er et sparsmal til deg om a delta i en understudie av forskningsprosjekt «Miljggifterog

fedme» a se om det er forskjell i insulinfglsomhet etter inntak av fisk eller ngtter.

Hva innebaerer PROSJEKTET?
I tillegg til din ordinaere deltakelse i prosjektet «Organiske miljagifterog fedme» vil vi i dette
underprosjektet male insulinfglsomheten din ved hjelp av gullstandardmetoden for ca 15

pasienter i hver intervensjonsgruppe.

Maling av insulinfaglsomhet gjgres ved hjelp av en metode kalt euglykemisk
hyperinsulinemisk clamp - dette er en undersgkelse hvor du mater fastende og vi gir deg
insulin og sukkervann gjennom en kanyle i den ene albuen, og maler blodsukker jevnlig via

en kanyle i den andre albuen. Undersgkelsen varer i 3-4 timer.

Mulige fordeler og ulemper

Fordelen ved a delta er at du far kartlagt om du er insulinfglsom eller insulinresistent. Dette er
en relativt kostbar og komplisert undersgkelse og gjeres derfor sjelden rutinemessig. Ulempen
ved a delta er at det tar tid, ca 4 timer far og 4 timer, etter intervensjonsstudien. undersgkelser.
Undersgkelsene du skal gjennom medfarer at det blir tatt blodprgver, og dersom vi gnsker a ta
gjentatte praver samme dag vil vi legge inn kanyler (plastrar) i armene sa du slipper a bli
stukket mer enn en gang i hver arm. Ved clampundersgkelsen vil du fa drypp med sukkervann
som i noen tilfeller kan virke irriterende pa blodaren. Dette forsgker vi & unnga ved a ikke gi
for hgye doser. Dersom du skulle oppleve svie armen under undersgkelsen vil vi gi ekstra
saltvann for & dempe irritasjonen, og du vil fa utdelt en lindrende salve etter undersgkelsen.

Ubehaget forsvinner etter noen timer eller et par dager, og gir ikke varig mén.

79



Frivillig deltakelse og mulighet for a trekke sitt samtykke

Det er frivillig & delta i prosjektet. Dersom du gnsker a delta, undertegner du
samtykkeerklaringen pa siste side. Du kan nar som helst og uten & oppgi noen grunn trekke
ditt samtykke. Dersom du trekker deg fra prosjektet, kan du kreve a fa slettet innsamlede
praver og opplysninger, med mindre opplysningene allerede er inngatt i analyser eller brukt i
vitenskapelige publikasjoner. Dersom du senere gnsker a trekke deg eller har spgrsmal til

prosjektet, kan du kontakte dr Sasa Dusanov tIf. 98056904

Hva skjer med informasjonen om deg?

Informasjonen som registreres om deg skal kun brukes slik som beskrevet i hensikten med
studien. Du har rett til innsyn i hvilke opplysninger som er registrert om deg og rett til a fa
korrigert eventuelle feil i de opplysningene som er registrert. Alle opplysningene vil bli
behandlet uten navn og fadselsnummer eller andre direkte gjenkjennende opplysninger. En

kode knytter deg til dine opplysninger gjennom en navneliste.

Forsikring

Pasientskadeloven gjelder for deltakere i medisinske forskningsprosjekter pa sykehusene pa
lik linje med ordinzre sykehuspasienter. Ved eventuell skade vil deltakerne kunne kreve

erstatning fra Norsk Pasientskadeerstatning.

Utlevering av opplysninger til andre

Ved a delta i prosjektet, samtykker du ogsa til at opplysninger om insulinfalsomheten din kan
utleveres til utlandet sammen med andre opplysninger som beskrevet i hovedprosjektet. Dette
kan veere land med lover som ikke tilfredsstiller europeisk personvernlovgivning. Koden som

knytter deg til dine personidentifiserende opplysninger vil ikke bli utlevert.
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Godkjenning
Prosjektet er godkjent av Regional komite for medisinsk og helsefaglig forskningsetikk,

(2015/1930-8)

Samtykke til deltakelse i PROSJEKTET

Jeg er villig til & delta

Sted og dato Deltakers signatur

Deltakers navn med trykte bokstaver

Jeg bekrefter a ha gitt informasjon om prosjektet

Sted og dato Signatur

Rolle i prosjektet

Telefonintervju Fiskeprosjektet
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Intervju:

Navn:

Fadselsdato:

Alder:

Kjgnn:

Adresse:

E-post:

Telefon:

Mobil:

Hoyde: Vekt: KMI (kg/m?):

Stabil vekt siste aret (mindre enn 3-5 kg endring)
Gjennomfart kirurgisk behandling for vektreduksjon
Pagaende bruk av medikamenter eller urter for vektreduksjon
Bruk av kosttilskudd

Diabetes type | eller type 11 behandlet eller ubehandlet
Spiseforstyrrelser

Psykisk sykdom som gir utfordringer i forhold til studieprosedyrene
Alkohol, stoff- eller pillemisbruk, tidligere eller na

Sykdom inkludert gastrointestinal sykdom og allergi som pavirker compliance

ja

ja

ja

ja

ja

ja

ja

ja

ja

nei

nei

nei

nei

nei

nei

nei

nei

nei



Gravid, ammende eller planlagt graviditet i studieperioden

Alvorlig sykdom som er en kontraindikasjon for a delta

Allergi mot fisk, sjgmat eller ngtter (mandler, valngtter, hasselngtter)

Villig til & mgte opp 10 ganger ilgpet av 6 maneders periode

Villig til & registrere kostholdet og falge kostplanen avtalt med studieleder

Du godtar at dette ikke er en vektreduksjonsstudie

Du er villig til & bli randomisert til 1 av 3 grupper (fisk, ngtt, kontroll)

Du gnsker a delta i en klinisk studie frivillig

Er det OK for deg & mate fastende enkelte ganger for blodprever

Planlegger du en lengre ferie

ja

ja

ja

ja

ja

ja

ja

ja

ja

ja

nei

nei

nei

nei

nei

nei

nei

nei

nei

nei
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Forespgrsel om deltakelse

Fisk eller ngtter? Kostholdseffektene pa kardiometabolske risikofaktorer og persisterende
miljagifter

Bakgrunn og hensikt

Dette er en foresparsel til deg om a delta i en forskningsstudie som undersgker effekten av fet
fisk eller natter i forhold til metabolske risikofaktorer. Hensikten med studien er & undersgke
mulige antatte positive effekter av fet fisk eller ngtter og a kartlegge eventuelle negative
effekter av miljggifter. Det betyr at vi vil spesifikt undersgke effekten av de nevnte matvarene
pa ulike risikofaktorer for hjerte- og karsykdom. Du blir spurt om & delta i studien fordi du er
overvektig og har gkt risiko for & fa hjerte- og karsykdom. Miljagifter fra fet fisk har fatt mye
oppmerksomhet i media, men er lite undersgkt som arsak til metabolske forstyrrelser som
diabetes eller overvekt/fedme. Studien vil kunne bidra til presisering av kostrad for personer
med de metabolske forstyrrelsene og overvekt/fedme. Studien finansieres av Extrastiftelsen

via Nasjonalforeningen for folkehelsen og Oslo universitetssykehus.

Hva inneberer studien?
Totalt 120 forsgkspersoner i Oslo og omegn vil delta i studien ved Seksjon for preventiv
kardiologi, Oslo universitetssykehus. Hvis det etter farste besgk viser seg at du er aktuell for

deltakelse i studien vil du bli tilfeldig valgt ut til én av falgende grupper:

Gruppe 1: Du blir bedt om & unnga all fet fisk eller ngtter de farste 2 ukene slik at alle
deltagerne far en lik start. Etter dette vil du bli randomisert til en av 3 grupper. Du vil fa
personlige kostrad for hvordan du kan spise fet fisk minst 3-4 ganger per uke. Fisken du skal
spise vil du fa gratis av oss i 6 maneder og du kan komme og hente den etter skjema du finner
nederst i dette skrivet. Du vil fa frosset laksefilet og makrell i tomatsaus slik at fisken kan
spises som middag eller lunsj. Du vil fa utdelt 500 g laks og 1 boks makrell i tomatsaus hver

uke. Dette tilsvarer rundt 1400 kcal per uke. Du ma unnga ngtter hvis du er i denne
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fiskegruppen. Du vil fa oppfelging hos lege og ernaringsfysiolog - vi kan svarer deg pa alle
spgrsmal du eventuelt matte ha. Fysisk aktivitet skal vaere uforandret i perioden du deltar i

studiene.

Gruppe 2: Du blir bedt om a unnga all fet fisk eller ngtter de farste 2 ukene slik at alle
deltagerne far en lik start. Etter dette blir du randomisert til en av 3 grupper. Hvis du havner i
gruppe 2 skal du spise ca 200g ngtter per uke fordelt pa 100 g valngtter, 50 g hasselngtter og
50 g mandler. Dette tilsvarer omtrent 1400 kcal per uke. Du vil fa personlige kostrad for
hvordan du kan spise denne mengden ngtter uten & ga opp i vekt. Ngttene far du gratis av oss i
6 maneder. Ngtter kan du spise til eller mellom maltidene. Du ma unnga fet fisk hvis du er i
ngttegruppen. Du vil fa oppfelging hos lege og ernaringsfysiolog og vi vil svare deg pa alle
spgrsmal du eventuelt matte ha.. Fysisk aktivitet skal veere uforandret i perioden du deltar i

studiene.

Gruppe 3: Du blir bedt om a unnga all fet fisk eller ngtter de farste 2 ukene slik at alle
deltagerne far en lik start. Etter dette skal du bli randomisert til en av 3 grupper. | gruppe 3
skal du unnga fet fisk eller ngtter i hele studieperioden. Du skal fortsette & spise slik du alltid
har gjort. Etter du har fullfert prosjektet vil du fa et gavekort pa 1200 kroner som kan brukes
til & kjepe fet fisk eller ngtter. Du vil fa oppfelging hos lege og erneringsfysiolog og vi vil
svare deg pa alle spgrsmal du eventuelt matte ha. Fysisk aktivitet skal veere uforandret i

perioden du deltar i studiene.

Studien vil innebzre 10 visitter ved avdelingen i lgpet av 1/2 ar. Konsultasjonene vil vare fra
1 til 1,5 timer hver gang. De visittene vil innebaere samtaler med lege og erneringsfysiolog,

henting av matvarer, legeundersgkelser og maling av blodtrykk, puls, vekt, livvidde og
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fastende blodpraver. En mer detaljert oversikt over hvilke undersgkelser, praver og aktiviteter

som skjer pa hvert besgk finner du pa skjema nederst i dette skrivet.

Hvis du gnsker, kan du bestemme deg for & avslutte studien nar som helst underveis og

malingene som ble gjort far dette ikke skal brukes i studien uten ditt samtykke.

Studiedeltakerens ansvar

Du ma komme til avtalte studiebesgk og spise etter de kostradene du far sa godt du kan. Pa
hvert besgk ma du informere lege eller ernzringsfysiologen om eventuelle symptomer,
sykdommer og ubehag du har hatt. Du ma fortelle om eventuelle medisiner du har tatt, ogsa

kosttilskudd og vitaminer.

Du ma mgte fastende pa 4 av totalt 10 besgk (dvs. ikke spise eller drikke pa 10 timer, unntatt
et lite glass vann, svart kaffe og vanlig (svart) te). Du kan ta dine eventuelle medisiner som

vanlig selv om du mater fastende.

Mulige fordeler, ulemper og bivirkninger

Kostradene og inntaket av de ulike matvarene i fisk- og ngttegrupper vil kunne fere til
forskjellige effekter. Vi forventer ikke at du skal ga opp eller ned i vekt i denne perioden. Det
er mulig at gruppen som spiser fet fisk far noe gkt mengde miljagifter etter denne perioden,
og at dette kunne pavirke de nevnte metabolske risikofaktorene i lgpet av den tiden. Dette vil
kunne fare til mulige endringer i nasjonale kostanbefalinger nar det gjelder fet fisk. Fet fisk
kan ogsa ha positive effekter pa hjerte- og karsykdom. Nagtter vil kunne fare til gevinster nar
det gjelder reduksjon av risiko for hjerte- og karsykdom. Begge gruppene vil kunne ga opp i
vekt, men man far regelmessig veiledning fra klinisk ernaringsfysiolog nettopp for & unnga
vektgkning. Gruppen som verken spiser ngtter eller fet fisk vil kunne ha et fullverdig kosthold

allikevel.
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Alle prgver, undersgkelser og veiledning er gratis. Du vil fa ekstra tett oppfalging av lege og
ernzringsfysiolog gjennom faste studiebesgk. Oppfalgingen hos lege og ernzringsfysiologen
vil kunne inspirere og motivere deg til 4 gjere flere gunstige kostholdsendringer med positive
helseeffekter. Reiseutgifter i forbindelse med studiebesgkene blir ikke dekket. Det kan hende
at man oppdager nye risikofaktorer eller verdier som eventuelt burde behandles med
medisiner. Du vil da fa hjelp med dette og fa resepter som er ngdvendige. Medisiner ma du da
betale selv men ikke konsultasjonen for dette. Hvis det er behov for andre malinger kan det
hende at du ma betale dette selv. Blodprgver skal ogsa testes for miljggifter. Dette skal utfares
1 utlandet og alle prover skal forst fa et “lopenummer” (bli anonymisert) og deretter bli sendt
til laboratoriet som finnes i Finland. Kun prosjektleder skal ha liste som forbinder ditt navn

med lgpenummeret. Denne skal makuleres etter at resultatene er bearbeidet.

Vi forventer at denne studien vil gi oss bedre forstaelse av miljggifter og deres rolle i
metabolske forandringer i kroppen som igjen kan fare til overvekt/fedme, diabetes, hjerte og

karsykdom

Hva skjer med prgvene og informasjonen om deg?

Pravene tatt av deg og informasjonen som registreres om deg skal kun brukes slik som
beskrevet i hensikten med studien. Alle opplysningene og pravene vil bli behandlet uten navn
og fedselsnummer eller andre direkte gjenkjennende opplysninger. En kode knytter deg til
dine opplysninger og prgver gjennom en navneliste. Listen som kan koble ditt navn til koden,
vil kun bli oppbevart pa sykehuset og bare personell med ansvar for studien har tilgang til
denne. Alle registrerte opplysninger vil bli lagret i 10 ar. Det vil ikke veaere mulig a identifisere

deg nar resultatene fra studien publiseres.

Frivillig deltakelse
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Det er frivillig a delta i studien. Du kan nar som helst og uten & oppgi noen grunn trekke deg
fra studien uten at det far konsekvenser for din videre behandling. Du ma undertegne

samtykkeerklzringen dersom du gnsker a delta, og du vil fa med deg en kopi hjem.

Dersom du senere gnsker a trekke deg fra studien, har sparsmal til studien eller om dine
rettigheter, ta kontakt med: Overlege Serena Tonstad tIf. 22 11 79 39 eller lege Sasa Dusanov

tIf. 980 56 904 (bruk sms, sa blir du oppringt)
Kapittel A- utdypende forklaring om hva studien innebarer

Kriterier for a delta
For & kunne delta i studien ma du vaere mellom 40 til 65 ar og ha en kroppsmasseindeks
mellom 25-29.9 kg/m? (overvekt) eller mellom 30-38 kg/m? (fedme grad 1). og hatt stabil vekt

+3 kg de siste 3 manedene. Du ma i tillegg ha minst 1 risikofaktor for hjerte- og karsykdom:

1. Forhgyet blodsukker
2. Forhgyet niva av fettstoffer (triglyserider) i blodet

3. Lavt niva av det gode (HDL) kolesterolet
4. Blodtrykk lik eller over 130/85

5. Livvidde over >102 cm for menn eller >94 cm for kvinner.

Du kan ikke delta i studien dersom du har aktiv alvorlig psykisk sykdom eller stoff- eller
alkoholavhengighet. Du kan heller ikke ha diabetes som behandles med medisiner og/eller
med insulin, hatt kirurgisk behandling for overvekt eller bruke vektreduserende medikamenter
eller kosttilskudd for vektreduksjon. Tarmsykdom eller allergi mot fisk eller ngtter slik at du

ikke kan spise den maten du far utlevert i studien, vil ogsa hindre deg fra & kunne delta.
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Bakgrunnsinformasjon om studien

Det ble gjort forskningsstudier tidligere som viser god effekt av ngtter pa metabolske
endringer i kroppen, som er nevnt fgr. Imidlertid studier hvor man undersgkte effekt av
miljggifter som finnes i animalske produkter, spesielt fisk har skapt mye interesse og debatt
bade i media og blant forskerne. | den nye rapporten fra Helsedirektoratet pastas det at
mengde miljggifter i norsk oppdrettsfisk har gatt betraktelig ned og at man kunne spise fisk
minst 3 ganger i uken. Vi gnsker a se forskjellene i verdier av kardiometabolske parametre nar
man spiser kun fet fisk sammenlignet med gruppe som spiser kun ngtter og gruppe som ikke

spiser noe av delene.

Mulige ubehag, bivirkninger og risiko
Endring av kostsammensetning kan medfgre ubehag fra mage og tarm. Ubehaget er som regel

lett og forbigaende. Du er fri til & trekke deg fra studien nar du matte gnske.

Ubehag i forbindelse med studieprosedyrer
Blodpraven krever nalestikk og du kan oppleve falgende ubehag: Smerter, blamerke,

svimmelhet og noen fa kan besvime.

Studiedeltagerens ansvar

Legene ved Seksjon for preventiv kardiologi vil avgjere om du fyller kravene for a delta.
Visse medisiner og medisinske tilstander kan utelukke deg. Du ma komme til avtalte visitter
og undersgkelser og mate opp til mgtene som avtalt. Dersom en annen lege vil gi deg nye
medisiner mens du deltar i studien, ma du informere om at du deltar i en forskningsstudie.

Vennligst kontakt studiepersonalet fgr du starter pa ny medisin hvis mulig.
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Informer studieansvarlig umiddelbart dersom du: Far en skade eller har symptomer eller
plager. Det er viktig at du rapporterer alle symptomer og bivirkninger umiddelbart gjennom

hele studien, uansett om du tror det skyldes deltagelsen eller ikke.

Avbrutt studiedeltagelse

Legen eller studieansvarlig kan stoppe din deltagelse i studien hvis:

1. Du ikke folger opp studieprotokollen som avtalt.

2. Du far en alvorlig sykdom.

3. Legen som farer studien mener at deltagelse i studien ikke er til ditt beste.

4. Du blir gravid, planlegger a bli gravid eller ammer under studieperioden.
Informasjon til kvinner
Graviditet og amming vil kunne pavirke de undersgkelsene vi gjer i studien og derfor ma
kvinner i fruktbar alder bruke prevensjon godkjent av legen i studien. Hvis du tror du er

gravid, informer derfor studieansvarlig sa snart som mulig.

Oversikt over studiebesgkene

Visitt/besgk nr. 1 2 3 4 5 6 7 8 9 10

Uke - [Uke O Uke | Uke | Uke | Uke | Uke | Uke | Uke | Uke

Randomis |2 |4 |6 |8 |10 (12 |18 |24

ering

Informert samtykke X




Gjennomgang av

kriterier for deltakelse

Legeundersgkelse

Maling av vekt
livvidde, blodtrykk og

puls

Kostveiledning
v/klinisk

ernaringsfysiolog

Kostholdsregistrering

Inkludert complianse
(hvordan du falger

legens rad)

Rutine blodpraver

fastende

Gjennomgang av

symptomer eller

ubehag

Gjennomgang og evt.
Bytte av medisinbruk

og kosttilskudd
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Henting av fisk eller X X [X [x [x [x [x |[X

ngtter*

*merknad: Mellom uke 12 og 18 og mellom uke 18 og 24 skal du komme til oss for henting
av maten og samtale og oppdatering. Dette er pga langt mellomtid mellom de 3 siste

besgkene. Dette er ikke merket i tabellen, men disse mgtene vil vaere i studeuke 15 og 21.

Kapittel B — Ytterligere informasjon om personvern, biobank, gkonomi og forsikring

Personvern

Det er en forutsetning for a delta, at du sier ja til insynsrett i gjeldende relevante
journalopplysninger som er ngdvendige for & kunne kontrollere at studieopplysningene
stemmer overens med tilsvarende opplysninger i din journal. All informasjon vil bli behandlet
konfidensielt. Fastlegen din blir vanligvis informert om din deltagelse hvis du ikke har noe i
mot det. Personlige opplysninger om deg som kan veere sensitive (for eksempel sykehistorie
og medisinbruk), vil bli samlet inn og behandlet, men kun til forskningsformal i forbindelse
med studien. Du vil ikke bli referert til ved navn eller bli identifisert i noen publikasjon, sa
dataene kan ikke spores tilbake til deg. Oslo universitetssykehus er databehandlingsansvarlig

for studien.

Forskningsbiobank

Blod- og urinprgvene som blir tatt vil bli lagret i en forskningshiobank. Hvis du sier ja til
delta i studien, gir du ogsa samtykke til at det biologiske materialet inngar i biobanken. Oslo
Universitetssykehus ved prosjektleder Serena Tonstad er ansvarshavende for
forskningshiobanken. Biobanken planlegges a vare til 2025. Etter dette vil materiale bli

gdelagt etter interne retningslinjer.
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Innsynsrett og oppbevaring av materiale

Hvis du sier ja til & delta i studien, har du rett til & fa innsyn i hvilke opplysninger som er
registrert om deg. Du har videre rett til & fa korrigert eventuelle feil i de opplysningene vi har
registrert. Dersom du trekker deg fra studien, vil det ikke samles inn flere opplysninger eller
mer materiale. Opplysninger som allerede er registrert vil ikke bli slettet, dersom

opplysningene allerede har inngatt i analyse.

Finansiering
Denne studien er finansiert ved hjelp av midler fra Seksjon for preventiv kardiologi, Oslo

Universitetssykehus og Extrastiftelsen via Nasjonalforeningen for Folkehelsen.

Forsikring

Vi forventer ikke at du skal fa noen helseproblemer ved a delta i denne studien, men dersom
din helse forverres som et resultat av deltagelse vil du kunne fa erstatning. Du ma ikke bevise
at det var noen sin skyld. Dersom det viser seg at problemene oppstod som fglge av studien,
vil du fa erstatning. Du er forsikret i henhold til Oslo universitetssykehus sine egne

forsikringer.

Informasjon om resultatet av studien

Du har rett til & fa informasjon om resultatet av studien. Legen i studien vil kunne fortelle deg

dette nar resultatene er klare.

Samtykke for deltagelse i studien

Jeg er villig til 4 delta i studien
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(Signert og datert av deltager)

Deltagers navn med blokkbokstaver Deltagers fadselsdato

Bekreftelse pa at informasjon er gitt deltageren i studien

Jeg bekrefter & ha gitt skriftlig og muntlig informasjon om studien

(Signert og datert av lege)
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Veiledning for utfylling av kostskjemaet

| dette skjemaet spgr vi hva du har spist det siste aret. Dette innebaerer at vi ber deg tenke
tilbake pa hva du har spist de 12 siste manedene.

Vi takker for at du vil hjelpe oss med denne undersgkelsen.

Skjemaet skal leses av en maskin. Det er derfor viktig at du legger vekt pa folgende ved utfyllingen:

e Bruk bl3 eller sort kulepenn

e | de sma avkrysningsboksene setter du et kryss for det svaret som du mener passer best, slik: |X|

e Du skal sette ett kryss pa hver linje

e Skriver du feil, kan du kan ta bort krysset ved a fylle boksen helt, slik: . og deretter fylle i det
riktige alternativet.

Eksempel:
Antall brgdskiver med dette palegg
per dag eller per uke eller per maned
Ost

6+ 5 4 3 2 1 56 34 1-2 3 2 1 0

Brunost (Gudbrandsdalsost o.1.) (] 00O X [ . O OO O ] O O

o Der hvor det star et + betyr dette "og flere enn”. Eksempel: 6+ betyr 6 og flere enn 6

e Nar du fyller ut skjemaet skal du tenke pa hva du har spist det siste aret og angi et giennomsnitt.
Eksempel: Hvis du spiste torsk, sei mm til middag 1 gang i uken 6 mdneder pd rad, det farste halve dret,

men ikke har spist torsk, sei med mer etter dette, har du totalt spist torsk og sei 24 ganger. | giennomsnitt

blir dette 2 gang per mdned og du setter da kryss i boksen for 2 ganger per mdned slik;
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Antall middager

Middag med per uke eller per maned

Torsk, sei, kolje, lyr 5 4 3 2 1
3 2 1 0

Makrell, sild O 0000 0K OO0

o Enkelte steder kan du skrive tekst
- Skriv tydelig

- Skriv bare tekst nar du blir bedt om det

Sa snart du har fylt ut dette skjemaet, sender du det tilbake til oss i den vedlagte,
frankerte svarkonvolutten.

Avdeling for miljgmedisin
Nasjonalt folkehelseinstitutt
Postboks 4404 Nydalen
0403 Oslo

Oppgi dag, maned og ar for utfylling av skjemaet: (skriv &rstall med 4 tall, f.eks

2003)

dag maned ar



Kostvaner

1. Hvordan vil du beskrive dine kostvaner det siste aret?
Sett bare ett

Kostvaner kryss

1. | mitt kosthold inngar kjgtt og fisk |:|
2. Jeg unngar kjgtt, men spiser fisk
3. Jeg unngar fisk, men spiser kjgtt
4. Jeg er vegetarianer og inkluderer melkeprodukter og egg i kosten (ovolakto-vegetarianer)

5. Jeg er vegetarianer og inkluderer melkeprodukter, men ikke egg i kosten (lakto-
vegetarianer)

I I B I R

6. Jeg er vegetarianer og utelater alle melkeprodukter og egg fra kosten (veganer)

2. Har du brukt gkologiske matvarer det siste aret? (Sett bare ett kryss pa hver linje.)

Pkologisk matvare Sjeldent/aldri Noen ganger Ofte For det meste
1. Melk, melkeprodukter og ost [] [] []
2. Brgd og kornprodukter (f. eks. mel, misli)
3. Egg

4. Grgnnsaker

5. Frukt

I 0 O
O O0dd
I [ O O R O A
I 0 O

6. Kjott

Antall maltider

3. Hvor ofte har du i giennomsnitt spist felgende maltider per uke det siste aret?
Et mellommaltid er et mindre maltid som for eksempel kan besta av frukt, kjeks, bolle, yoghurt

eller godteri. Mellommaltider som bare bestar av drikke skal ikke tas med da det blir spurt etter
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drikke seinere. (Sett bare ett kryss pa hver linje.)

1. Frokost

2. Mellommaltid, formiddag
3. Formiddagsmat

4. Mellommaltid, ettermiddag
5. Middag

6. Mellommaltid, kveld

7. Kveldsmat

8. Nattmat

~N

O O0O00400000mn0
O O0O00400000mn0
1 Y N A I B
1 Y N A I B
1 Y N A I B
O O0O00400000mn0
O O0O00400000mn0
1 Y N A I B

(o))

Antall maltider per uke

(S,

4 3 2 1

o

Brod, knekkebrgd, kjeks

kryss pa hver linje.)

Bradtype
1. Fint brgd (loff, baguetter, ciabatta o..)

2. Mellomgrovt brgd (kneipp,
husholdn.brgd)
3. Grovt brgd (fiber kneipp, rugbrgd o.1.)

4. Klibrgd, kli-knekkebrgd, rugsprg

5. Knekkebrgd, skonrokk grov o.l.

Antall brgdskiver

S
w
+

Upg Upg Ug Ug Ug

9-12

[
[
[
[
[]

per dag

7 6 5 4 3 2 1

SDDDDDDD
Doooobbn
ODooooon
Doooobbn

OO ooonon

Hvor mange skiver brgd/ knekkebrgd/ kjeks har du spist i giennomsnitt per dag/ uke det siste
aret? Nar du svarer pa spgrsmalene, skal du tenke pa brgd til alle maltider i Ippet av dagen. Et
halvt rundstykke = 1 skive brgd, 1 baguett = 4 skiver brgd, 1 ciabatta = 3 skiver. (Sett bare ett

eller per uke

Ul

-6 3-4 1-2

[ O
.
[ O

O

o OO OO0 O

0O O
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6. Smerbrgdkjeks (Kaptein kjeks o.l.) |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:|
] ]

5. Bruker du smgr/margarin pa brgd/ knekkebrgd/ kjeks?

[] []

Ja Nei (ga til spgrsmal 8)

6. Hvis du bruker smgr/margarin, pa hvor mange skiver i giennomsnitt og hvilken type
smgr/margarin bruker du? (Sett bare ett kryss pd hver linje.)
Antall brgdskiver

per dag eller per uke

Type smar/margarin 3+ 912 8 7 5 4 3 2 1 5-6 3-4 1-2

1. Smgr/Bremyk [] DDDDDDDDDDDDD

2. Hard margarin (Per, Melange) |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| DD |:| |:|

3. Brelett DDDDDDDDDDDDDD

4. Myk margarin (Soft, Vita, Olivero o.l.) |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:|
]

5. Lett margarin (Soft light, Vita lett, o.l.) O 000000 onD oo
]

7. Hvor tykt lag med smgr/margarin smgrer du pa bragdskivene?

Rikelig Middels Skrapet

[] []

Palegg pa brgd, knekkebrgd, kjeks

8. Hvor mange brgdskiver med de fglgende paleggstypene har du spist i giennomsnitt det siste
aret? (Sett bare ett kryss pa hver linje.)
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Ost

1. Brunost (Gudbrandsdalsost o.l.)

2. Brunost lettvarianter, prim

3. Hvit ost, kremost, sm@reost

4, Lettvarianter av hvit ost, smg@reost

5. Muggoster (Camembert, Norzola o.l.)

6. Annet ostepalegg

Fiskepalegg

7. Kaviar

8. Makrell/sardin i tomat
9. Sardin i olje

10.Rokt laks/@rret/makrell
11.Sild (sursild o.1.)
12.Reker

13.Krabbe

14.Tunfisk

Antall brgdskiver med dette palegg
per dag

X
v
I
w
N
-

[

U Up Uo Uo Ug bg
o o o o 0O 0O
O o o oo 0O 0O
o o o o 0O 0O
O o o oo 0O 0O
O o o 0O O
O o o 0O O

U Up Uo Ug Ug Uo Uo 4o
o o o o o o o O
o o o o o o o O
o o o o o o o O
o o o o o o o O
o o o o o o o O
o o o o o o o O
o o o o o o o O
o o o o o o o O
o o o o o o o O
o o o o o o o O
0 O OO 0O O O oo O

[

eller per uke

56 3-4 1-2

O o o oo 0O 0O

eller per maned

3

O o o oo 0O 0O
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15.Svolveerpostei (postei av |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:|

fiskelever/rogn) []

16.Annet fiskepalegg S |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:|

Kjgttpalegg

17.Magert kjpttpalegg (skinke, roast biff 0...) C] O O OO0 O O O 0Og 0o
[]

18.Servelat, lammerull, kalverull |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:|
]

19.Salt palse, spekepglse, salami |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:|
[]

20.Kalkun,- og kyllingpalegg OO0 0O 0O O O OO0 O 0 0O
]

21.Leverpostei S |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:|

22.Annet kjpttpalegg O O 0O O O O O OO0 O 00
[]
Antall brgdskiver med dette palegg

per dag eller per uke eller per maned

Andre typer palegg

6+ 5 4 3 2 1 [56 34 12 [3 2 1 0
23.5alater med majones (rekesalat o.l.) DD O OO0 O 0O O0dodn
24.Frokostsalat DD OO OO O O djdoodg
25.Majones DD OO0 O O 0O O0dodn
26 Syltetay DD OO 00O O 0O Ogodn
27.Honning DD O 000 O 0O Ogodn
28 Peangttsmer DD OO 00O O 0O Ogodn
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29.Annet ngttepalegg (Nugatti o.l.) ] [ O O [ O] O O 0O OO 0O O
[]

30.Annet sgtt palegg (Sjokade, Hapa o.1.) ] [ O O O L] ) 0O OO 0O O
[]

31.Vegetabilske posteier (Tartex o.1.) C] O O OO0 O L1 [0 0 OO OO
[]

32.Frukt (banan, eple o.l.) L1 O OO OO O L1 O 00 OO o
[]

33.Grgnnsaker (Tomat, agurk o.1.) ] [ O O [ L] [ O 0O OO 0O O
[]
Egg

9. Hvor mange egg har du spist i gjennomsnitt det siste aret? Ta med egg til alle maltider!

Egg i bakeverk skal ikke tas med! (Sett bare ett kryss pd hver linje.)

per dag eller per uke eller per maned

Egg 2+ 1

56 3-4 12 23 1 0
Egg, stekt, kokt, eggergre, omelett ] [ (] [ [ (] [ [
Antall masegg spist siste 12 maneder o[] 1-5 [ ] 6-10[ ] merenn10[ ]

Frokostgryn, grgt

10. Hvor ofte har du spist frokostgryn eller grgt i giennomsnitt det siste aret?
Dersom du har spist disse matvarene til andre maltider enn frokost skal du ogsa ta det med her.

(Sett bare ett kryss pa hver linje.)
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Grgt, frokostgryn

1. Usgtede kornblandinger (4-korn, All-
Bran

Flakes o.1.)
2. Sgtet misli og musli med frukt, ngtter
3. Havregret, annen grgt
4. Cornflakes, Frosties o.l.

5. Sukker pa frokostgryn/gret

6. Syltetgy pa frokostgryn/grot

Hvor ofte

per dag eller per uke

2+ 1 56 34 1-2 2-3
O OO0 O OO
O O (0 O OO
O OO0 O OO
O O (0 O OO
O OO0 O OO
O O (0 O OO

Drikke

[l
[l

OO 0o g
OO 0o g

eller per maned

11. Hvor mange glass/ kopper av fglgende har du drukket i gjennomsnitt det siste aret? Ta ogsa
med melk/ yoghurt til frokostgryn/ gret. 1 krus = 1 glass = 2 kopper = 2,5 dl, % liters plastflaske

2 glass (Sett bare ett kryss pa hver linje.)

Melk og yoghurt

1. H-melk, kefir, kulturmelk (1 glass)
2. Lettmelk (1 glass)
3. Ekstra lett lettmelk (1 glass)
4. Skummet melk sgt, sur (1 glass)

Melk og yoghurt

OO O 0

8+

Hvor mange glass/beger

1

0 O O

[

eller per uke

5-6
[]
[]
[]
[]

3-4
[]
[
[]
[

Hvor mange glass/beger

per dag

67 45 2-3
O O O
O O O
O O O
O O O
per dag

67 45 2-3

1

1-2

OO O 0

eller per uke

5-6

3-4

1-2

eller per maned
2-3 1 0

O O O
O O O
O O O
O O O

eller per maned

2-3 1 0
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5. Cultura, alle typer (1 glass)
6. Biola drikke, Biola yogh. (1 glass/beger)
7. Yoghurt, naturell/frukt (1 glass/beger)
8. Lettyoghurt (1 glass/beger)
9. Go’morgen yoghurt (1 beger
10.Sjokolademelk, Litago (1 glass)
11.Soyamelk (1 glass)
12.Ris-, havremelk (1 glass)

Juice/ saft/ brus/ vann/ alkohol

13. Appelsinjuice

14.Annen fruktjuice, most, nektar
15.Tomat- og grgnnsaksjuice
16.Saft med sukker

17.Saft, kunstig sgtet

18.Coca Cola/Pepsi med sukker
19.Annen brus med sukker
20.Coca Cola-light/Pepsi-light
21.Annen brus-light
22.Energidrikk, Battery o.l.
23.Springvann (vann fra kran)
24.Flaskevann, uten kullsyre
25.Farris, vann med kullsyre
26.Alkoholfritt gl, vgrtergl, lettgl

27 .Pilsnergl

(1 glass)

(1 glass)

(1 glass)

(1 glass)

(1 glass)

(1 glass)

(1 glass)

(1 glass)

(1 glass)

(1 glass)

(1 glass)

(1 glass)

(1 glass)

(1 glass)

(1 glass)

I Y I B O
O O0O00000 0
O O0O00000 0
I Y I B O

[00]
+

O 0O0000g44dddddddn
O0O0000g0g0gdodgdddd

6-7 45

[

1 I O O O
1 s e e I o A O O

2-3

OO o O
OO 0o o
0o o o
OO 0o o
0o o o
OO 0o o
OO o O
OO o O
Hvor mange glass
eller per uke
1 56 3-4 1-2
I I
OO 0O 0O
I
OO 0O 0O
I
OO 0O 0O
OO 0O O
OO 0O 0O
OO 0O O
OO 0O 0O
OO 0O O
OO 0O 0O
OO 0O O
OO 0O 0O
OO 0O O

O 000000
N I N I B I O N R N A
N I N I B I O N R N A

eller

"
w

O0O000040040g000gaududd
O 0O0000g44dddddddn
O 0O0000g44dddddddn
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28.Vin

29.Brennevin, likgr

Kaffe/ te

30.Filterkaffe

31.Pulverkaffe

32.Kokekaffe/ presskanne kaffe
33.Kaffe latte, cappucino
34.Espresso

35.Koffeinfri kaffe

36.Fiken/ korn kaffe

37.Te (vanlig te, Lipton fruktte
o.l.)

38.Grgnn te

39.Nypete, urtete

(1 glass)

(1 dram)

(1 kopp)

(1 kopp)

(1 kopp)

(1 kopp)

(1 kopp)

(1 kopp)

(1 kopp)

(1 krus)

(2 krus)

(1 krus)

[
[]

8+

00O Oo0O0o0ooogd

0O 0O oo
0O 0O 0o o

O 0O O
O 0O O

Hvor mange kopper/krus

per dag

67 45 23 1

O O O O
O O 0O O
O O O O
O O 0O O
O O O O
O O 0O O
O O O O
O 0O O O
O O O O
O 0O O O

12. | hvor mange kopper kaffe og te bruker du melk/ flgte/ sukker.

Melk/ flgte/ sukker i kaffe og te
1. Melk/ flgte i kaffe/ te
2. Sukker/ honning i kaffe/ te

3. Kunstig sgtstoff i kaffe/ te

8+
[]
[
[]

per dag

6-7 45 2-3 1

O 0O O O
O 0O 0 0
O 0O O O

Middagsmat (varm mat)

eller per uke

56 34 1-2
O 0O O
O 0O O
O 0O O
O 0O O
O 0O O
O 0O O
O 0O O
O 0O O
O O O
O 0O O

eller per uke

56 34 1-2
O O O
OO O
O O O

F@rst ber vi deg svare pa et generelt spgrsmal om ulike grupper av varm mat. Deretter ber

vi deg svare mer i detalj pa de ulike typene varm mat du har spist det siste aret.

Nar du svarer pa disse spgrsmalene ber vi deg a tenke pa bade middagsmat og annen varm

0O 0O o
0O 0O o

eller per maned

n>
w
[
o

OO0 O0O0o0o0oo0ood
00O Oo0O0o0ooogd
00O Oo0O0o0ooogd

eller per maned

23 1 0
O O O
O O O
O O O
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mat du eventuelt spiser i Igpet av dagen.

13. Hvor ofte har du i gjennomsnitt spist felgende type varm mat det siste aret?
(Sett bare ett kryss pa hver linje.)

per uke eller per maned

Generelle spgrsmal
6+ 5 4 3 2 1 3 2 1 0

1. Kjgtt og kjgttprodukter |:| |:| |:| |:| |:| |:| |:| |:| |:|
[]

2. derav grillet |:| |:| |:| |:| |:| |:| |:| |:| |:|
[]

3. Innmat O O O O O O O O O
[]

4. Kylling, kalkun OO 0O 0 O 1 O OO O
]

5. Fisk, fiskeretter, kokt, ovnsbakt |:| |:| |:| |:| |:| |:| |:| |:| |:|
[]

6. Fisk, fiskeretter, stekt |:| |:| |:| |:| |:| |:| |:| |:| |:|
]

7. Vegetarretter |:||:| |:| |:| |:| |:| |:| |:| |:| |:|

Mer detaljerte spgrsmal om hver enkelt middagsrett.

14. Hvor ofte har du i gjennomsnitt spist felgende type varm mat det siste aret?

Sett bare ett kryss pa hver linje.

Hvor ofte
Middag med blandings- per uke eller per maned
produkter av kjgtt
6+ 5 4 3 2 1 3 2 1 0
1. Kjpttpglser, medisterpglser O O O O O 1 OO OO O
[]
2. Grillpglser, wienerpglser |:| |:| |:| |:| |:| |:| |:| |:| |:|
[]
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3. Kylling-, kalkunpglser

4. Kjgtt-, medisterkaker, kjgttpudding

5. Hamburgere, karbonader

6. Kjgttdeig i saus el. gryteretter

Middag med okse-/ kalvekjott

7. Okse,- og kalvestek

8. Biff (indrefilet, mgrbrad, entrecote)

9. T-bone stek, kalvekotelett

10.Kjgttgryte, lapskaus, kjgttsuppe

Middag med svinekjgtt

11.Kotelett, nakkekotelett, skinkestek

12.Indrefilet, flatbiff

13.Sommerkotelett/hamburgerrygg

14.Flesk/ribbe, ”spare ribs”

15.Bacon

16.Gryterett

Middag med lam/sau

Up Ug Upg Ug

Upo Ug Upg Ug

Up Upg Ug Ug Ug Ug

O o o 0O

I T e I O
I T S I O
I T S I O
I T S I O

O o o o 0o O

0O o o O

o o o o oo 0O

0O o o O

o o o o oo 0O

0O o o O

o o o o oo 0O

0O o o O

O O o 0O
O o o 0O
O o o 0O
O o o 0O

o o o o oo 0O

O o o 0O

O o o o 0o O

O o o 0O

O o o o 0o O

O o o 0O

O o o o 0o O
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17.Lammestek/lammekotelett

18.Gryteretter med lam/sau (Farikalol.)

Middag med viltkjgtt

19.Reinsdyrstek

20.Stek av elg, hjort, radyr

21.Reinsdyrkaker/gryterett av reinsdyr

22.Karbonader/gryterett (elg, hjort,
radyr)

Middag med innmat

23.Lever, nyre fra okse, gris

24.Lever, nyre fra sau

25.Lever, nyre fra vilt

26.Blodmat, lungemos

Middag med fjgrfe

27.Kylling- og kalkunfilet

28.Grillet kylling

OO 0O od O

O O O O O
[]
O O O O O
]
O O O 0O O
]
O O O O O
[]
O O 0O O O
]
Hvor ofte

per uke
6+ 5 4 3 2
O O O O O
[]
O O 0O O O
]
O O O O O
[]
O O 0O O O
]
O O O O O
]
O O O O O
[]

1

O O O
O O O
0O 0O o
O O O
O O O
O 0O o

eller per maned

32 1
0O 0O o
O 0O o
0O 0O o
O 0O o
0O 0O o
0O 0O o

I T N e O o o 0O [l

[
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29.Stekt/kokt kylling, hgne og kalkun

30.Kyllingschnitzel, nuggets

31.Viltfugl (rype, orrfugl o.l.)

32.Annet fjgrfe (and, gas, struts)

Middag med fisk/ sjgmat
33.Torsk, sei, kolje, lyr (kokt/stekt/rgkt)

34.Makrell, sild (kokt/stekt/rgkt)

35.Laks, grret

36.Flyndrefisker (kveite, redspette o.1.)

37.Tunfisk (f.eks. i salat)

38.Abbor, gjedde, gjeddekaker

39.Annen fisk

40.Fiskekaker, fiskepudding, fiskeboller

41.Fiskepinner, fiskepanetter, panert fisk

42 Fiskegryte, -grateng, suppe med fisk

43.Reker

44.5kiell

Up Ug Upg Ug

Up Upg Upg Ug Ug Ug Ug Ug Ug Ug Ug Ug

O o o 0O

o o o o o o o o o o o O
O dJa o o o o o o o o o o4
O dJa o o o o o o o o o o4
O dJa o o o o o o o o o o4

0O o o O

0O o o O

0O o o O

0O o o O

o o o o o o o o o o o O
O o o o o o o o o o o O
O o o o o o o o o o o O
O o o o o o o o o o o O

O o o 0O

O o o 0O

O o o 0O
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45 .Krabbe

46.Rogn

47 .Fiskelever

Pastaretter
48.Pastarett med kjgtt (spaghetti med

kjgttsaus, Lasagne o.l.)

49.Pastarett med fisk/reker/skjell

50.Pastarett med gr@nnsaker

51.Pastarett med bare

tomatsaus/ketchup

52.0st (Parmesan o.l.) pa pastarett

Annen varm mat

53.Pizza

54.Taco, burritos o.l.

55.Pannekaker

56.Grgt (ikke frokostgrgt)

57.Suppe, hjemmelaget og posesuppe

OO 0O od O

OO 0O o4

Upg Upg Ug Ug Ug

U Upg Ug Ug Ug

OO 4

0o o o o O
0o o o o O
O o o 0O O
O o o 0O O

0o o o 0O o
0o o o o o
0o o o o o
0o o o o o

O o o o 0O
0O o o oo 0O
0O o o oo 0O
0O o o oo 0O

O o o 0O O
O o o oo O
O o o oo O
O o o oo O
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Grgnnsaksrett som hovedrett

58.Bare med gr@nnsaker DD |:| |:| |:| |:| |:| |:| |:| |:|

59.Med bgnner/linser |:||:| O O Od O ] OO O O

60.Med soyaprodukter (pglser, o.l.) L1 [0 [ O 0O O O 0
[]

Tilbehgr til varm mat

15. Hvor ofte har du i giennomsnitt spist fglgende matvarer det siste aret?
(Sett bare ett kryss pa hver linje.)

Hvor ofte
perdag | eller per uke eller per maned

Poteter/ris/spaghetti 1 s6 34 12 23 1 0

1. Poteter (kokte, bakte, potetstappe) ] 0 OO O O O O
2. Pommes frites, stekte poteter ] 0 O O O O O
3. Potetstuing, gratinerte poteter ] ] OO O O O O
4. Spaghetti, makaroni, nudler ] O O O L O O
5. Ris [] LI O O O O O
6. Hirse, couscous o.l. ] O O O O O O
Saus/tilbehgr

7. Smeltet meierismgr O O O O O 0O O
8. Smeltet margarin [] O O O O O O
9. Brun/hvit saus ] O O O O O [
10.Bearnaisesaus o.l. ] O O O O O O
11.Majones, remulade ] O O O L] O O
12 Seterrgmme, Créme Fraiche ] 0 OO O O O O
13.Lettrgmme [] O O O O O [
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14 .Ketchup

15.Sennep

Type fett til matlaging

16. Hvor ofte har du brukt fglgende typer fett i matlagingen det siste aret?

(Sett bare ett kryss pa hver linje.)

Type fett til matlaging

1. Smgr, meierismg@r

2. Bremyk, Smgrgod

3. Melange, Per

4. Soft, soyamargarin (pakke, beger)
5. Olivero

6. Annen margarin

7. Soyaolje

8. Matolje, rapsolje

9. Olivenolje

10.Maisolje

11.Andre oljer

Hvor ofte
per dag

N
+
[EEN

[ I I 0 I O O
[ I I 0 I O O

0O 0O o
0O 0O o

eller per uke

56 34 1-2
O O O
O O O
O O O
O O O
O O O
O O O
O O O
O O O
O O O
O O O
O O O

[
[

[
[

L]

eller per maned

n>
w

[ I I 0 I O O
[ I I 0 I O O
1 s Iy I A B B O

=

o
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Grannsaker

Fg@rst ber vi deg svare pa et generelt spgrsmal. Deretter ber vi deg svare mer i detalj om de

enkelte grennsakene du har spist.

17. Hvor ofte har du i giennomsnitt spist grgnnsaker det siste aret? (Sett bare

ett kryss pa hver linje.)
Hvor ofte
per dag eller per uke eller per maned
Oversiktsspgrsmal
2+ 1 56 34 1-2 2-3 1 0

O oo | O
I I I s

1. Ra grennsaker (salat, rakost o.1.)

2. Grgnnsaker i gryteretter,supper,wok
o.l

L OO
L OO
O O O
L OO

3. Kokte grgnnsaker som tilbehgr

Mer detaljert om hver enkelt grgnnsak.

18. Hvor ofte har du spist fglgende grgnnsaker det siste aret? (Sett bare ett kryss

pd hver linje.)

Hvor ofte
per dag eller per uke eller per maned
Grgnnsaker
2+ 1 56 34 1-2 23 1 0

[l

1. Grgnnsaksblandinger, frosne

O 0O | O [] O O O
2. Agurk O 0O |0 0 O O O O
3. Aubergine I I I I I O O O
4. Avocado 1 O O O O O O O
5. Blomkal, ré O O (O 0 Od 1 O O
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6. Blomkal, kokt/i gryteretter

7. Brokkoli, ra

8. Brokkoli, kokt/i gryteretter

9. Bgnner (gr@nne-, aspargesbgnner)
10.Erter

11.Gulrot, ra

12.Gulrot, kokt/i gryteretter
13.Hodekal, ra

14 Hodekal, kokt/stuing/i gryteretter
15.Hvitlgk

16.Kalrot, ra

17 Kalrot, kokt/stappe/i gryteretter
18Lek/ purre/ varlgk, ra

19.Lgk/ purre/ varlgk, stekt/ i gryteretter
20.Mais

21.Paprika, ra

22.Paprika i gryteretter

23.Rosenkal, kokt/i gryteretter
24.Salatblandinger, ferdig i pose
25.Salat (bladsalater, issalat, kinakal o.1)
26.Selleri, stilkselleri
27.Sjampinjong, ra

28.Sjampinjong, stekt/i gryteretter
29.Skogsopp, annen sopp

30.Spinat

31.Squash (zucchini)

32.Tomat

1 e e e e e e A I Y I O B
1 e e e e e e A I Y I O B

1 e e e e e e e I O 0 O A I O
1 e e e e e e A I Y I O B
1 e e e e e e A I Y I O B

Do ddddddddddddodddinnin
Do ddddddddddddodddinnin
Do ddddddddddddodddinnin
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33.Andre grgnnsaker

DD‘

O O O

O O O

19. Hvor ofte har du brukt dressing og annet tilbehgr til salat og rakost det siste aret?

(Sett bare ett kryss pad hver linje.)

Dressing/ annet tilbehgr

1. Dressing (thousand island o.1.)
2. Lett dressing, yoghurt dressing
3. Oliven, sorte/ grgnne

4. Fetaost

Hjemmelaget dressing

5. medolje

6. utenolje

7. med rgmme/yoghurt

Hvor ofte
per dag

eller per uke

eller per maned

2+

O d o
O d o

[
[

[
[

1

L]

[ OO 0O o
O 0O O

[

[]
[

3-4

[l

L]

1-2

O d o
OO0 o
OO0 o
O d o

0 O
[ O
[ O

[ O O

20. Vektforhold av kjgtt/grennsaker i gryteretter. (Sett bare ett kryss pd hver linje.)

1. Gryteretter med helt kjgtt/fisk
2. Gryteretter med innmat

3. Gryteretter med kjgttdeig

Frisk frukt

L] O

Har ikke
spist

[]
]
[]

Mer grgnnsaker

enn kjgtt

[]
]
[]

Like mye kjgtt
og grennsaker

[
[
[

Mer kjgtt enn
grgnnsaker

[
[
[

Frukt

21. Hvor mange friske frukter har du spist i giennomsnitt siden det siste aret?

8+

per dag

6-7 4-5

23 1

O 0O 0O 00

eller per uke
5-6 3-4

O 0O O

1-2

eller per maned

23 1 0

O 0O O
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22. Hvor ofte har du spist fglgende friske frukter det siste aret?

(Sett bare ett kryss pa hver linje.)

Frisk frukt

1. Appelsin, mandarin
2. Banan

3. Druer

4. Eple

5. Fersken, nektarin
6. Grapefrukt

7. Jordbzer

8. Andre beer (blabzer o.)
9. Mango

10.Melon

11.Papaya
12.Plomme

13.Peaere

14.Annen frukt

(1 stykk)
(1 stykk)
(8-10 stykk)
(1 stykk)
(1 stykk)
(%2 stykk)
(% kurv)
(% kurv)
(72 stykk)
(1 skive)
(%2 stykk)
(1 stykk)

(1 stykk)

Hvor ofte

per dag

£
w
N
=

D 0ddoodddonddd
1 s e Y I o A O I B O
D Ooooobdoooooood
ODoooodoooooooo

eller per uke

56 34 1-2
0O 0O o
O O O
O O O
O O O
O O O
O O O
O O O
O O O
O O O
O O O
O O O
O O O
O O O
O O O

23. Hvor ofte har du i gjennomsnitt spist tgrket frukt og ngtter det siste aret?
(Sett bare ett kryss pa hver linje.)

Torket frukt /notter
1. Aprikoser

2. Rosiner

Hvor ofte

per dag

4+ 3 2 1

O O 0 O
O O 0O

eller per uke

56 3-4 12
1 O O
I O O

eller per maned

N
w
[
o

O 0O0004g4dddddddn
O 0O0004g4dddddddn
O 0O0004g4dddddddn

eller per maned
23 1 0
O O
OO O
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3. Svisker, fiken, dadler

4, Peangtter

5. Mandler, hasselngtter,cashewngtter

o.l.

O OO
O O O
O OO
O OO

O O O
O O
O O

Dessert, is, kaker, godteri

24. . Hvor ofte har du i giennomsnitt spist dessert og is siden det siste aret?

(Sett bare ett kryss pa hver linje.)

Dessert/is

1. Puddinger (sjokolade, karamell o.l.)

2. Hermetisk frukt, fruktgregt

3. Fruktsalat med frisk frukt

4. Flgteis

5. Yoghurtis, lettis
6. Saftis, sorbet
7. Vaniljesaus

8. Pisket krem, flgte

Hvor ofte

per dag eller

N
+
[y

[

I Y I 0 B O
I Y I 0 B O
N I O I Y I I O
N 0 O I o N O

per uke
56 3-4 1-2

[

n>
w

I I e N O I A N R W A
I I e N O I A N R W A
I I e N O I A N R W A
O 000000

25. Hvor ofte har du i gjennomsnitt spist kaker, boller og vafler det siste aret?
(Sett bare ett kryss pa hver linje.)

Kaker, boller

1. Boller, julekake o.l.

2. Wienerbrgd -stang o.l.

3. Smultring, fyrstekake,

(1 stykke)

(1 stykke)

Hvor ofte

per dag

4+ 3 2 1

O O 0 O
O O 0O

eller per uke

56 34 1-2
1 O O
I O O

O O
O O
O O O

eller per maned

[EEN
o

eller per maned

23 1 O

O O O
OO O



formkake
4, Vafler
5. Sjokoladekake, blgtkake

6. Soit kjeks, kakekjeks

(1 stykke)
(1 plate)
(1 stykke)

(1 stykke)

O d o

OO0 o
O d o

O d o

26. Hvor ofte har du i gjennomsnitt spist godteri det siste aret?
(Sett bare ett kryss pa hver linje.)

Godteri og snacks

1. Ren sjokolade

2. Sjokolade med ngtter o.1.
3. Karameller, konfekt, lakris
4. Smagodt, seigmenn

5. Pastiller med sukker

6. Patiller uten sukker

7. Marsipan

8. Potetgull/skruer

9. Popcorn

10.Saltstenger, lettsnacks o.1.

Hvor ofte

N
+

OO0ddogoonddd
1 s Oy A O B
OO0ddogoonddd
OO0ddogoonddd

per dag

w
N

[

O d o

eller

o
o

OO0ddogoonddd
1 I 0 G I

OO 0O O

per uke

OO 0O O

3-4 1-2

L]

I 1 O 1 O I O I R I A I R A

OO 0O O

eller

>
w

I 1 O 1 O I O I R I A I R A
O 0O00000g0dgo
I 1 O 1 O I O I R I A I R A

O d o

O d o

per maned

[E
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Andre matvarer

27. Fordidet er vanskelig @ fa spurt om alle matvarer som du kan ha spist det siste aret
ber vi deg nedenfor skrive navnet pd matvarer som du kan ha spist og som det ikke har

blitt spurt om.
Hvor ofte
per dag eller per uke eller per maned
Andre matvarer 56 34 1-2
6+ 5 4 3 2 1 2.3 1

Navn: DDDDD DDD

Navn: DDDDD

Navn: DDDDD

Navn: DDDDD

0o o oo o o
0o o o 0O o

[]
O o o 0O
O o o o
O o o o

Navn: ||:||:||:||:||:|

Genmodifisert mat

28. I mange land, bl.a. USA, England, og Frankrike, tillater man salg av genmodifiserte matvarer.
De fleste europeiske land krever merking ved salg av genmodifiserte matvarer. Vi gnsker a
vite om du har spist genmodifiserte matvarer eller matvarer med genmodifiserte ingredienser
pa reiser eller i Norge det siste aret?

[] ] []

Ja Nei Vet ikke

29. Huvis ja, ber vi deg skrive navnet pa de genmodifiserte matvarene du kjenner til at du har spist
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per dag

Genmodifiserte matvarer
6+ 5 4 3 2

Navn: |:| |:| |:| |:| |:|
]

Navn: |:| |:| |:| D D
]

Navn: ] O O O
]

Navn: |:| |:| |:| D D
]

Navn: |:| |:| |:| D D
]

Hvor ofte

I T e I O
0O o o o
0O o o o

Varm mat fra kiosk, bensinstasjon eller gatekjgkken

30. Hvor ofte har du i gjennomsnitt spist varm mat fra kiosk, bensinstasjon eller gatekjgkken

det siste aret?

eller per uke eller per maned
56 34 1-2
2-3 1

N I O I A
0o o oo 0O o

per dag eller per uke eller per maned
Mat fra 4+ 2-3 1 56 34 1-2 23 1 0
1. Kiosk 1 I B I e
2. Bensinstasjon L] [ [ O] ) O O [ O
3. Gatekjgkken, McDonald’s o.I. L] [ [ O] [ O O [ O
Kostendringer i livet ditt
31. Nedenfor ber vi deg angi om du spiser/drikker mer, mindre eller samme mengde sammenliknet

med for 30 ar siden, eventuelt da du var barn (fgr du fylte 18 ar)
Spiste/drakk det heller Sluttet

Matvare ikke for Som fgr Mer Mindre helt
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1. Krabbe [] [] [] L] L]
2. Reker [] [] [] ] ]
3. Skjell (for eksempel blaskjell) |:| |:| |:| |:| |:|
4. Fiskelever (ikke tran) [] ] ] L] L]
Spiste/drakk det heller Sluttet

Matvare ikke for Som fgr Mer Mindre helt
5. Tunfisk eller kveite L] [] [] [l []
6. Flyndre/annen flatfisk |:| |:| |:| |:| |:|
7. Gjedde(kaker) eller abbor ] ] ] [] []
8. Annen ferksvannsfisk |:| |:| |:| |:| |:|
9. Reinsdyr |:| |:| |:| |:| |:|
10.Sau/lammekjptt |:| |:| |:| D I:'
11. Lever eller nyre fra vilt

[] [] [] [] []
12.Viltvoksende sopp |:| |:| |:| |:| |:|
13. Makeegg ] ] [] [] []
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Kosttilskudd

39. Bruker du eller har du brukt kosttilskudd det siste aret? [ ]Ja |:| Nei

40. Huvis ja, ber vi deg & angi hvilken type og mengde nedenfor

(ts = teskje, bs = barneskje, ss = spiseskje)

Mengde per
Antall ganger per uke gang
1ts 1bs 1ss
7 6 5 4 3 2 1<1 0
Flytende kosttilskudd
1. Tran DDDDDDDDDDDD
2. Omega-3 tran O 0O 000000008 0 O
3. Sanasol O 0O 00000000 0 O
4. Biovit DDDDDDDDDDDD
5. Flytende jernmixtur (Floradix o.1.) |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:|
Annet flytende kosttilskudd
Navn: DDDDDDDDDDDD
Produsent:
Navn: DDDDDDDDDDDD
Produsent:
Antall ganger per uke
Antall per gang
7 6 5 4 3 2 1<1 0

Kapsler/tabletter 1 2 3 4+
6. Trankapsler O O0000O00000o0a0dad
7. Fiskeoljekapsler |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:|
8. Vitaplex O O0000O00000o0a0dad
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9. Kostpluss/Nyco plus multi O 000000000000
10.Nyco plus folsyre 0,4 mg O O0O0000000O0000
11.Spektro (Solaray) OO 00000000000
12.Hemofer O 0O0O00000000H0O0 0
13.Duroferon duretter, Ferro retard O 0 0d40d0o00do0ogogooond
Andre kosttilskudd

Skriv navn Produsent

Navn: OO0 oddodotd|o o
Produsent:

Navn: OO0 o0o0dodotd|dd
Produsent:

Navn: OO0 otddotdotd) o .
Produsent:

Navn: OO oOo0dotdot) o
Produsent:

Vi vet at du har brukt tid pa a fylle ut dette skjemaet og vi takker for hjelpen. For at vi skal fa en
vurdering av tidsbruken ved utfylling av skjiemaet, ville det veere fint om du kunne angi tiden du har
brukt.

Jeg har brukt omtrent minutter til 3 fylle ut skjemaet.

Tusen takk for hjelpen!
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Associations of Circulating PYY3_35 Concentrations
with Metabolic Syndrome in Extremely Obese Subjects
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Abstract

Background: The gut hormone peptide Y Y535 (PYY3.36) plays major roles in regulation of appetite and energy
metabolism, mediates beneficial effects of bariatric surgery, and may be a potential weight-reducing and
glucose-modulating therapy. Obesity may influence the metabolic expression of circulating PYY;.3¢ and
metabolic markers. We studied the relationship of PY Y3 34 concentrations with metabolic syndrome (MetSyn)
components, lipids, insulin resistance, and inflammatory biomarkers in subjects with extreme obesity.
Methods: We measured MetSyn components and PYY3 36, lipids, hormones, homeostasis model assessment
(HOMA) index, and inflammatory biomarkers in consecutively referred patients (180 women and 111 men)
aged 18-78 years with body mass index (BMI) >40kg/m?. Associations of PYY3 34 to components, insulin
resistance, and biomarkers were examined with partial correlations and linear regression.

Results: PYY;_36 concentrations were not related to MetSyn components, HOMA index, or to inflammatory bio-
marker or leptin concentrations. PY Y;_3¢ concentrations correlated with systolic blood pressure (r=0.21; P <0.0001)
after adjustment for age and gender. In linear regression analysis, PYY3 3¢ concentrations were associated with
systolic blood pressure after adjustment for age, gender, and central obesity in the entire sample (Beta 0.21; 95% CI
0.09-0.34) as well as in subjects not taking blood pressure-lowering medication (Beta 0.19; 95% CI 0.04—0.36). These
associations were not statistically significant in the small subset of participants (22%) with type 2 diabetes.
Conclusions: In extremely obese patients, fasting PYY3_3¢ concentrations were linked to systolic blood pres-
sure, but not to other components of MetSyn, suggesting divergence between pathways of blood pressure and
glucose/body weight regulation. However, this finding will need to be further investigated.

Keywords: metabolic syndrome, obesity, PYY;_3¢, diabetes

Background

METABOLIC SYNDROME (METSYN), a constellation of
abdominal obesity, hypertension, dyslipidemia, and
dysglycemia, contributes to cardiovascular diseases (CVD)
and type 2 diabetes directly and by creating a proinflammatory
milieu." Paralleling the obesity epidemic, MetSyn affects one-
third of the United States and other populations,” yet in de-
veloped countries, CVD incidence continues to decrease, due,
in part, to improvements in other risk factors.®> Persons with
very high body mass index (BMI 40 kg/m?), a condition here
referred to as extreme obesity, bear a large burden of morbidity
and mortality. Extreme obesity has increased relatively more
markedly in the population than lesser forms of obesity.* The
musculoskeletal, health, and psychosocial consequences of
extreme obesity are evident. However, cardiometabolic aber-

rations do not always correlate with the degree of obesity with
some extremely obese individuals exhibiting no signs of lipid
disturbance or insulin resistance.” In one study, MetSyn pa-
tients with extreme obesity had a lower waist-hip ratio and free
fatty acid and triglyceride concentrations than patients with
MetSyn who were not morbidly obese.® On the other hand,
another study found that fat distribution predicted lipid ab-
normalities in women even with BMI =40 kg/m2 and dysre-
gulated glucose is very common in this group.”®
Gastrointestinal hormones play important roles in the
control of satiation, appetite, and energy expenditure and may
exhibit impaired effects in obesity.” Among these hormones,
peptide tyrosine-tyrosine (PYY_3¢) is released by endocrine
L-cells in the small bowel and colon and cleaved by the en-
zyme dipeptidyl peptidase-4 to the major circulating form that
is more bioactive, PYY3.36.'° Following a meal, circulating

'Section for Preventive Cardiology, Department of Endocrinology, Morbid Obesity and Preventive Medicine, Oslo University Hospital,

Oslo, Norway.
2Rimfrost AS, Fosnavag, Norway.
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concentrations of PYY;_ 34 start to rise within ~ 15 min and
remain elevated for several hours.!! PYY;_3¢ inhibits food
intake directly due to its high affinity for the presynaptic in-
hibitory Y2R neurons in the hlypothalamic arcuate center
and Y2R in afferent vagal fibers.'>'! Baseline concentrations
are influenced by adiposity, age, gender, and lifestyle, while
postprandial concentrations are stimulated by caloric load and
macronutrient composition, as well as acute exercise. 0-12
PYY ;.36 responses are blunted in obesity and enhanced fol-
lowing bariatric surgery, in part, explaining the weight and,
possibly, glucose reducing effects of surgery.'”

Bariatric surgery remains currently the only effective treat-
ment option for patients with extreme obesity, yet not all
qualify or wish for surgery. New treatments are needed to
bridge the gap between lifestyle changes, which may not
be effective and no treatment, which puts patients at high
risk of CVD and type 2 diabetes. Gut hormones represent
potential therapeutic agents against obesity, as exemplified
by the approval of high-dose liraglutide as an antiobesity
agent. Studies demonstrated that administration of PYY3 3
led to a dose-dependent reduction in food intake indicating
that PYY;_36 would be a potential antiobesity therapy.”’14
However, we are aware of one cross-sectional study that
found adverse associations between high PYY;_3¢ concen-
trations and metabolic risk factors in patients with coronary
artery disease.'”

Understanding the pathophysiology of PYY;_3¢ in patients
with extreme obesity, its relationship to MetSyn, and influ-
ences of PYY3_36 on risk factors for CVD and type 2 diabetes
is imperative. In this study, we studied cross-sectional asso-
ciations of PYY;_3¢ and components of MetSyn, lipids, in-
sulin resistance, and inflammatory biomarkers in patients
with BMI >40 kg/m?, herein defined as extreme obesity.

Materials and Methods

A total of 291 consecutive patients aged 18—78 years with
BMI >40 kg/m2 (180 women and 111 men) referred to the
Preventive Cardiology Clinic at Oslo University Hospital,
Oslo, Norway, participated in the study between April 2005
and December 2010. The participation rate was over 95%.
The study conformed to the Helsinki Declaration and was
evaluated by the Regional Ethics Committee.

After written informed consent, participants completed a
health questionnaire and underwent anthropometric mea-
surements. A constant tension body tape measure was used to
determine waist and hip circumferences. Waist circumfer-
ence was measured at midpoint between the inferior costal
margin and the highest point of the iliac crest, and hip cir-
cumference was measured at the widest point around the
hips. Height was measured using a stadiometer and recorded
to the nearest centimeter. Patients were weighed to the nearest
1.0kg using a calibrated mobile electronic scale (Seca
720; Medical Scales and Measuring Systems). BMI was
calculated in accordance with the Quetelet’s formula: Body
weight in kilograms divided by the square of body height in
meters (kg/mZ).

The participants’ blood pressure was measured with an
automatic blood pressure monitor (52000 Series Vital Signs
Monitor; Welch Ally). Measurements were carried out with
participants seated and having rested for 5 min prior using
an appropriate cuff size. The average of the two lowest
measurements was recorded.

All subjects were stratified by number of MetSyn com-
ponents (from 1 to 5) as follows: elevated waist circumfer-
ence 2102 cm for men and 288 cm for women, systolic blood
pressure =130 mmHg and/or diastolic 285 mmHg, or/and
use of medication for hypertension, triglycerides >1.7 mM,
high-density lipoprotein cholesterol (HDL-C) <1.0 mM for
men or < 1.3 mM for women, and fasting glucose >5.6 mM.
Subjects with fasting glucose >7.0 mM or HbAlc >6.5%,
who had known type 2 diabetes, or used antidiabetic drugs
were grouped together as the type 2 diabetes subgroup (22%
of the sample). Of the entire sample, use of blood pressure-
lowering medication was reported among 31.3%; among
those without diabetes, 26.1% used medication versus
49.2% of those with diabetes. Statin use was recorded in
8.9% of the entire sample; among those without diabetes in
5.3% and of those with diabetes in 21.5%.

Laboratory analyses

Participants fasted overnight for at least 10hr, before
providing blood samples between 8:00 and 11:00 a.m. the
following day. Following immediate centrifugation, serum
samples were stored at —80°C. Analyses were performed at
Oslo University Hospital (Clinical Chemistry Laboratory at
Ulleval and Endocrine Laboratory at Aker). Total cholesterol,
HDL-C, triglyceride, glucose, and CRP concentrations were
measured on the automated analyzer Cobas Integra 800
(Roche Diagnostics). LDL-cholesterol was calculated using
Friedewald’s formula. Apolipoprotein B was determined with
an immunoturbidimetric assay on an automated analyzer
(Cobas Tinaquant 917, Roche/Hitachi; Roche Diagnostics).
White blood cells were analyzed using Sysmex XE 2100
(Sysmex). Serum ferritin was determined by an ADIVA
Centaur analysis (ADIVA Centaur; Siemens Healthcare Di-
agnostics, Inc.).

PYY;.36 and insulin assays were carried out between No-
vember 2010 and May 2011 on frozen samples. Serum PYY;_
36 Was measured using a radioimmunoassay kit, which utilizes
an antibody that only recognizes the 3_3¢ form of human PYY.
The intra-assay and interassay variations of coefficients were
less than 15%, and the recovery was 85%—129% by the linear
range of the assay. The detection limit of the assay was 14 pg/
mL (100 pg sample size). The assay had a specificity of 100%
for human serum PYY3.36 Insulin was determined by non-
competitive immunofluorometric assay, using an AutoDelfia
1235 Automatic Immunoassay System (H1855-21291) (Per-
kin Elmer, Inc.). The homeostasis model assessment of in-
sulin resistance (HOMA-IR) index was calculated to estimate
insulin resistance.’

Serum leptin was measured using a human serum leptin
radioimmunoassay (Luminex). The intra-assay and interassay
variations of coefficients were <10%, and the recovery was
103%-105% by the linear range of assay. The detection limit
of the assay was 0.5 ng/L (100 pL sample size). The assay had
a specificity of 100% for human serum leptin.

Statistical analyses

Statistical analyses were performed using SPSS 21 (SPSS,
Inc.). Skewed variables, including PY Y336, triglycerides,
glucose, C-reactive protein, ferritin, white blood cells, alanine
transaminase, insulin, leptin, and homeostasis model assess-
ment (HOMA) index, were log-transformed before analysis.
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Categorical and continuous data are presented as counts and
percentages, or mean = standard deviation (SD), respectively.
One-way analysis of variance (ANOV A) or independent #-tests
were performed to compare components of MetSyn and other
risk factors across groups, as appropriate. Partial correlation
coefficients (corrected for age and gender) were used to ana-
lyze relationships between PYY3.3¢ and risk factors. Linear
regression analysis was used to establish independent rela-
tionships between PYY;_3¢ concentrations and risk factors that
showed statistically significant partial correlations. Adjustment
was made for age, gender, and waist circumference. Two-sided
P-values of <0.05 were considered statistically significant.

Results

Subject characteristics are presented in Table 1. Of the total
of 291 subjects (180 women and 111 men), 23% were cigarette
smokers. Smoking was not related to PYY3 34 concentrations;
additionally, PYY;.3¢ concentrations did not differ according
to use of statins (data not shown). Weight loss was attempted one
or more times among 61% of those with one to two MetSyn
components, 59% of those with three components, 47% of those
with four components, 63% of those with five components, and
55% of those with type 2 diabetes (P=0.4).

The range of BMI was between 40 and 74 kg/mz. In sub-
jects without type 2 diabetes, BMI did not differ according to
the number of MetSyn components, although age and the
proportion of males increased with increasing number of
components. Each of the MetSyn component levels worsened
with increasing number of MetSyn components, as did apo-

lipoprotein B, insulin concentrations, and HOMA-IR index.
Participants with type 2 diabetes were slightly older than their
counterparts without type 2 diabetes, and had higher BMI,
waist circumference, triglyceride and glucose concentrations
and HOMA-IR, and lower HDL-C and low-density lipopro-
tein cholesterol (LDL-C) concentrations. PYY3 3¢ concen-
trations did not differ according to MetSyn components or the
presence of type 2 diabetes.

Correlational analyses shown in Table 2 found statisti-
cally significant relationships between PYY;_3¢ concentra-
tions and systolic blood pressure in the entire sample and in
those not taking blood pressure-lowering medication. This
finding was not statistically significant in the subgroup with
type 2 diabetes. No other statistically significant correlations
were observed between PYY3 3¢ concentrations and com-
ponents of MetSyn, lipids, and leptin, or insulin concentra-
tions or HOMA-IR index.

In multiple linear regression analysis, we found significant
associations between concentrations of PYY; 3¢ and systolic
blood pressure in the entire sample, and in the subgroup
without type 2 diabetes after adjustment for age, gender, and
central obesity (Table 3). The associations between PYY; 3¢
and systolic blood pressure were also statistically significant in
the subgroup of patients not using antihypertensive medication.

Discussion

Our main findings were that fasting, unstimulated PYY3 34
concentrations did not relate to number of MetSyn components or
to single components of MetSyn with the following exceptions:

TABLE 2. PARTIAL CORRELATIONS BETWEEN PYY3_35 CONCENTRATIONS AND BMI, NUMBER OF METABOLIC
SYNDROME COMPONENTS, COMPONENTS OF METABOLIC SYNDROME, LIPIDS, INFLAMMATORY
BioMARKERS, HORMONES, AND HOMA-IR INDEX, ADJUSTED FOR AGE AND GENDER?

All (N=291) No type 2 diabetes (n=226) With type 2 diabetes (n=65)
Coefficient P Coefficient P Coefficient P

BMI 0.070 0.2 0.098 0.1 0.007 1.0
# Of MetSyn components 0.031 0.6 0.051 0.4 -
Components of MetSyn

Waist circumference 0.093 0.1 0.107 0.1 0.059 0.6

Systolic BP (all) 0.205 <0.0001 0.200 0.003 0.205 0.1

Diastolic BP (all) 0.062 0.3 0.039 0.6 0.142 0.3

Systolic BP (no medication) 0.178 0.012 0.182 0.020 0.153 0.4

Diastolic BP (no medication) 0.056 04 0.051 0.5 0.135 0.5

HDL-C -0.014 0.8 0.003 1.0 —-0.069 0.6

Triglycerides 0.052 0.4 0.051 0.4 0.047 0.7

Fasting glucose 0.088 0.1 0.082 0.2 0.226 0.1
Other Lipids

LDL-C -0.010 0.9 —-0.007 0.9 —-0.031 0.8

Apolipoprotein B -0.013 0.8 —-0.009 0.9 -0.032 0.8
Inflammatory biomarkers

C-reactive protein 0.042 0.5 0.060 0.9 -0.029 0.8

Ferritin 0.036 0.5 0.022 0.7 0.076 0.6

White blood cells -0.011 0.8 0.001 1.0 —-0.082 0.5
Hormones

Insulin 0.039 0.5 0.098 0.1 —0.165 0.2

Leptin -0.014 0.8 0.010 0.9 —0.085 0.5
HOMA-IR index 0.068 0.3 0.105 0.1 —-0.055 0.7

For insulin 4 missing, for LDL-C 11 missing, for apolipoprotein B and ferritin 1 missing, for white blood cells 3 missing.

MetSyn, metabolic syndrome.
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TABLE 3. ADJUSTED ASSOCIATIONS OF PYY;_3¢ TO SYSTOLIC BLOOD PRESSURE IN PARTICIPANTS WITH

AND WITHOUT TYPE 2 DIABETES ACCORDING TO USE OF BLOOD PRESSURE-LOWERING MEDICATION®
Systolic BP Systolic BP Systolic BP

All All (N=291) No type 2 diabetes (n=226) With type 2 diabetes (n=065)
B (unstandardized coefficient) 0.004 0.004 0.005
95% CI for B 0.002-0.007 0.001-0.007 —-0.001-0.010
Beta (standardized coefficient) 0.211 0.207 0.205
95% CI for Beta 0.087-0.335 0.059-0.343 —-0.054-0.524
P 0.001 0.006 0.1
No BP-lowering medication n=200 n=167 n=33
B 0.004 0.004 0.005
95% CI for B 0.001-0.007 0.001-0.007 —0.007-0.017
Beta 0.192 0.193 0.161
95% CI for Beta 0.036-0.356 0.018-0.360 —0.364-0.862
P 0.017 0.030 0.4

*Adjusted for age, gender, and waist circumference.
BP, blood pressure.

PY Y336 concentrations were linked to systolic blood pressure in
the entire sample and in participants not taking blood pressure-
lowering medication. Furthermore, PYY 3 34 concentrations were
not related to inflammatory biomarkers or lipids (LDL-C, apo-
lipoprotein B), leptin concentrations, or to HOMA-IR index in
extremely obese subjects.

Genetic data indicate that common variation at the PYY
locus influences not only PYY concentrations but also mul-
tiple hereditable MetSyn traits, including BMI and lipids."”
However, this study did not account for the influence of PYY
variation on PYY3.36 or PYY 35 concentrations and their
potentially divergent associations with Metsyn.'”!” The two
native forms of PYY, PYY 3¢ and its metabolite PYY;_3,
differ in their actions on appetite and glucose homeostasis,
due to different binding affinities on the YR receptors.'’
PYY;.36, but not PYY_ 34, improves glucose tolerance, al-
though these effects are difficult to distinguish from the ef-
fects of PY'Y5 .56 on feeding.'®'® Recently, the importance of
measuring the biologically relevant form of PYY, namely
PYY3.36, as done in this study, was emphasized.10

In individuals with extreme obesity, our finding of no rela-
tionship between PYY3 3¢ concentrations and MetSyn com-
ponents, insulin resistance, or presence of type 2 diabetes is
consistent with some studies and differs from others. A study of
patients with coronary artery disease, who were not selected for
obesity, found that high fasting PYY;_3¢ concentrations were
independently and positively associated with type 2 diabetes
and obesity-associated insulin resistance.'” Furthermore, in
this study, PYY3 3¢ concentrations were associated with adi-
posity,' in contrast to a number of other studies showing that
low PY Y336 concentrations are associated with adiposity. 10,19
Notably, first-degree relatives of subjects with type 2 diabetes
exhibited lower fasting PYY concentrations than matched
controls, but in this study, only total PYY was measured.”®
Ukkola et al. studying patients with coronary artery disease
additionally found an association between high fasting PYY3 3¢
concentrations and fasting glucose concentrations, although the
association was abolished after adjustment for BML'"

The authors speculated that differences in age, other pop-
ulation’s characteristics, and different experimental setting
may explain these divergent results.'® Furthermore, disturbed
PYY concentrations may be a cause or a consequence of type
2 diabetes and associated obesity in cross-sectional studies.

Thus, associations shown may be dependent on the stage of
diabetes or obesity. Our findings are consistent with obser-
vations in subjects with extreme obesity (mean BMI, 53),
examined after a fat load.>' Insulin resistance impaired the
PYY response to a fat load, but the study did not find signif-
icant differences in PYY levels between subjects with dif-
ferent degrees of insulin resistance or with diabetes in these
morbidly obese subjects.”’ Unfortunately, in this study, only
total PYY was measured.

While some authors have speculated that a state of partial
PYY resistance may be present in patients with coronary
artery disease, parallel to insulin and leptin resistance,'> we
found no relationship between circulating PYY3.3¢ and
leptin or insulin concentrations. Obesity and insulin resis-
tance are characterized by subclinical inflammation, and
markers of inflammation associate both with visceral obesity
and insulin resistance.! In this study, fasting PYY3_3¢ con-
centrations were not related to markers of inflammation,
including CRP, ferritin, and white cell count.

The association between PYY3_ 3¢ concentrations and sys-
tolic blood pressure appears to be a novel one, and underscores
a possible avenue of future research. The relationship was
observed both in the entire sample, and after exclusion of
subjects taking antihypertensive medication. PYY appears to
induce vasoconstriction by Y1R agonism and has been shown
to be present in atherosclerotic plaque in animal studies.**
However, the PYY;_3¢ metabolite that binds to Y2R neurons
has not been previously associated with increased blood pres-
sure to our knowledge, although variants in the Y2R genes are
associated with a reduced risk of hypertension.”> PYY acts as a
vasoconstricting agent and PYY infusion cause significant
vasoconstricting effects.?* Divergent effects of PYY; 3¢ and
PYY3;.36 on appetite and glucose homeostasis may or may not
be paralleled by divergence inregard to blood pressure. Among
patients with coronary artery disease, no relationship was ob-
served between PYY;.3 and blood pressure.15 However,
subjects with extreme obesity may display a disrupted PYY;_36
function. Further study will be needed to clarify this finding.

Limitations

The main study limitation is that we did not have post-
prandial PYY;_3¢ concentrations. It also would have been
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useful to compare the results to those of a lean control group
or to individuals with lesser obesity, but these data are not
available. Furthermore, novel markers of subclinical inflam-
mation such as cytokine concentrations were not measured.
Blood pressure measurement was based on a clinical mea-
surement on a single occasion. A comparison with ambula-
tory 24-hour blood pressure would have been informative,
but we did not have these measurements.

Conclusion

PYY3;.36 appears to be linked to systolic blood pressure in
extremely obese individuals, but not associated to other
components of MetSyn, insulin resistance, inflammation, or
leptin. These findings suggest the need to distinguish path-
ways whereby PYY;3¢ may influence cardiovascular risk
factors.
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Abstract

Background: Metabolic syndrome (MetSyn) magnifies risks of cardiovascular disease (CVD) and type 2
diabetes, but its expression varies within the obese population. We examined body mass index (BMI), metabolic
traits, and fat distribution in morbidly obese individuals.

Methods: Lipids and inflammatory, oxidative stress and hepatic biomarkers in 346 women and 203 men (BMI
>35kg/m? and co-morbidity or >40kg/m?) were stratified by MetSyn components (1-5, excluding diabetes).
Age- and smoking-adjusted partial correlations were calculated. Dual-energy X-ray absorptiometry was mea-
sured in 206 participants.

Results: Apolipoprotein B, ferritin, uric acid, and alanine aminotransferase (ALT) concentrations worsened with
increasing MetSyn components (P <0.0001), while BMI and LDL-cholesterol showed no association. BMI corre-
lated inversely with triglycerides (r=—0.16, P=0.03) and positively with HDL-cholesterol in men (r=0.16,
P=0.02), but not in women. BMI correlated with C-reactive protein (CRP) (r=0.32, P <0.0001; r=0.24, P <0.0001
in men and women, respectively) and white blood cell count (r=0.24, P=0.001 in men; r=0.15, P=0.008 in
women). Truncal fat percentage correlated to CRP (r=0.31, P=0.03; r=0.20, P=0.02 in men and women,
respectively). In women, number of MetSyn components was inversely related to truncal and peripheral fat (r=
-0.20, P=0.02; r=-0.42, P<0.0001, respectively) as was ALT (r=-0.21, P=0.009; r=-0.38, P<0.0001,
respectively) and triglycerides with peripheral fat (r=—0.38, P <0.0001), while HDL cholesterol was positively
associated with truncal and peripheral fat (r=0.26; P=0.001).

Conclusions: BMI and fat distribution showed expected associations to inflammation biomarkers, but para-
doxical relations between fat indices, and MetSyn components and biomarkers were seen. This suggests a need
for better markers of CVD risk in morbid obesity.

Introduction

BESITY REPRESENTS ONE of the most complex public

health challenges for our societies. Cardiometabolic
disorders (metabolic syndrome [MetSyn] and type 2 diabe-
tes) follow in the wake of obesity adding to health burdens
on the population. Of all diseases caused by obesity, relative
risks of type 2 diabetes are the highest." Type 2 diabetes is
characterized by insulin resistance that is tightly related to
abdominal obesity and is accompanied by changes in met-
abolic traits and subclinical inflammation that lead to car-
diovascular disease (CVD).?

Clinically the presence of three or more of five risk fac-
tors, namely abdominal obesity, low HDL cholesterol, high
triglycerides, high fasting glucose, and high blood pressure
characterizes MetSyn.”

Persons with morbid obesity, defined as body mass index
(BMI) >35 kg/m? with co-morbidities or >40 kg/m* regardless
of co-morbidities, typically carry increased burdens of psycho-
logical and physical discomfort and disease. While the risk of
CVD is clearly magnified by the presence of MetSyn or type 2
diabetes, CVD risk factors and metabolic traits may not increase
linearly with increasing BMI and may differ by gender.* While
lipid disturbances are common, they are not uniformly related to
total body fat mass.> Subgroups of morbid obesity have been
identified, which appear metabolicallgl healthy and exhibit nor-
mal lipids or high insulin sensitivity.*’ Furthermore, waist cir-
cumference is uniformly above standard cutoff levels that are
used to define MetSyn and thus of lesser utility in determining
risks in the morbidly obese population.

The purpose of the study was to examine the relationships
of MetSyn components and CVD risk factors to BMI and fat
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distribution in morbidly obese men and women. We ex-
amined subjects with morbid obesity grouped according to
their degree of metabolic disturbance, with the goal of better
understanding the expression and utility of CV risk markers
in this population.

Materials and Methods

Patients referred consecutively to the Preventive Cardi-
ology Clinic at Oslo University Hospital, Oslo, Norway,
participated between April 2005 and December 2010. The
study conformed to the Helsinki Declaration and was eval-
uated by the Ethics committee for region 1 in Norway.

Participants with BMI >35kg/m® and co-morbidity, or
related disorders (including hypertension, sleep apnea, dys-
pnea, polycystic ovarian syndrome, asthma, hypercholester-
olemia, gout, musculoskeletal symptoms, gall bladder
symptoms, esophageal reflux, pulmonary or deep vein em-
bolism, intermittent claudication, angina pectoris, depres-
sion, or eating disorder) or BMI >40kg/m* regardless of
co-morbidity, but without diabetes were included (n=549).
Subjects with type 2 diabetes (n=209) were not included in
current analyses.

After written informed consent, participants completed a
health questionnaire and underwent anthropometric mea-
surements. A constant tension body tape measure was used
to determine waist and hip circumferences. Waist circum-
ference was measured at midpoint between the inferior
costal margin and the highest point of the iliac crest, and hip
circumference was measured at the widest point around the
hips. Height was measured using a stadiometer and recorded
to the nearest cm. Patients were weighed to the nearest
1.0kg using a calibrated mobile electronic scale (Seca 720;
Medical Scales and Measuring Systems). BMI was calcu-
lated in accordance to the Quetelet’s formula: Body weight
in kilograms divided by the square of body height in meters
(kg/m?). Body total and regional fat percentages were ana-
lyzed by using dual X-ray absorptiometry (DXA) (Lunar
DPX-L, Lunar) in 206 individuals. Only individuals with
body weights below 140kg could be examined by DXA.
Blood pressure was measured automatically using an auto-
matic blood pressure monitor (52000 Series Vital Signs
Monitor; Welch Ally) following a 5-min rest.

Subjects were stratified by number of MetSyn compo-
nents (from 1 to 5). Definition of MetSyn components was
as follows: waist circumference =102cm for men and
=88 cm for women; systolic blood pressure =130 mmHg
and/or diastolic 285 mmHg, or drug treatment for hyper-
tension; triglycerides >1.7 mM; HDL-cholesterol <1.0 for
men or <1.3 for women; and fasting glucose >5.6 mM.

Laboratory analyses

Participants were instructed to fast overnight for at least 10 hr,
before providing blood samples between 8:00 and 11:00 a.m.
Analyses of blood samples were performed at Oslo University
Hospital (Clinical Chemistry Laboratory at Ulleval and Endo-
crine Laboratory at Aker). Total cholesterol, HDL-cholesterol,
triglycerides, glucose, alanine aminotransferase (ALT), uric
acid, creatinine, and high-sensitivity C-reactive protein (CRP)
concentrations were measured on an automated analyzer Cobas
Integra 800 (Roche Diagnostics). LDL-cholesterol was calcu-
lated using Friedewald’s formula. Apolipoprotein B and lipo-
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protein (a) were determined with an immunoturbidimetric assay
on an automated analyzer (Cobas Tinaquant 917, Roche/Hitachi;
Roche Diagnostics). White blood cells were analyzed using
Sysmex XE 2100 (Sysmex). Serum ferritin was determined
by an ADIVA Centaur analysis (ADIVA Centaur; Siemens
Healthcare Diagnostics, Inc.).

Statistical analyses

Statistical analyses were performed using SPSS 21 (SPSS,
Inc.). Categorical and continuous data are presented as counts
and percentages, or mean * standard deviation (SD), respec-
tively. Variables were tested for normality and logarithmi-
cally transformed values for lipoprotein (a), CRP, ferritin,
white blood cell count, and ALT were used where indicated.
One-way analysis of variance (ANOVA) was performed to
compare components of MetSyn, other lipids, and inflam-
matory biomarkers. Partial correlation coefficients (cor-
rected for age and smoking) were calculated to analyze
correlations between BMI and waist circumference and
MetSyn components, other lipids, and inflammatory bio-
markers. Two-sided P values of <0.05 were considered
statistically significant.

Results

A total of 346 women and 203 men aged between 18 and 78
years and BMI between 35kg/m* and 74 kg/m?* participated.
Sample characteristics and MetSyn components are presented
in Table 1. Two-thirds (373 of 547) met criteria of MetSyn
(three or more components). Age and the proportion of males
increased with increasing numbers of components of MetSyn,
and the level of each component increased with increasing
numbers of components. BMI was not associated with number
of MetSyn components. As shown in Table 2, there was no
relationship between LDL-cholesterol concentrations and
MetSyn components, while Lp(a) concentrations decreased as
the number of components increased. Total cholesterol, apo-
lipoprotein B, ferritin, uric acid, and ALT levels increased as
number of components of MetSyn increased.

BMI and waist circumference were highly correlated
(r=0.67, P<0.0001 in women; r=0.85, P<0.0001 in men).
Partial correlation coefficients between BMI and waist cir-
cumference and metabolic traits and biomarkers are shown
in Table 3. Number of MetSyn components did not correlate
with BMI, and weakly with waist circumference (only in
women). In men, all components of MetSyn correlated with
BMI, with the exception of fasting glucose. However, waist
circumference correlated only with blood pressure. The
correlations of HDL-cholesterol and triglycerides to BMI
and waist circumference were opposite to expected (posi-
tively for HDL-cholesterol and inversely for triglycerides).
In women, only systolic blood pressure correlated with BMI
and waist circumference.

CRP concentrations and white blood cell count correlated
with both BMI and waist circumference in both genders.
Uric acid concentrations correlated with BMI, while ALT
correlated with waist circumference in women.

The mean (SD) BMI of the group with DXA measure-
ments was 40.5 (3.6) kg/m?, versus 43.4 (5.9) kg/m? in the
group that did not take part in DXA (P <0.0001). As was the
case in the total sample, over two-thirds had three or more
criteria of MetSyn (142 of 206). As shown in Table 4,
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TABLE 1. AGE, GENDER, ANTHROPOMETRICS, SMOKING STATUS, COMPONENTS OF METABOLIC SYNDROME,
AND MEDICATION USE STRATIFIED BY NUMBER OF METABOLIC SYNDROME COMPONENTS (N=547)
Number of components
Parameter One n=43 Two n=131  Three n=200 Four n=121 Five n=52 P
Age, years 33.5 (11.6) 39.9 (12.9) 40.6 (12.5) 40.6 (11.2) 44.9 (9.6) <0.0001
Male, n (percentage) 6 (14.0) 42 (32.1) 74 (37.0) 54 (44.6) 27 (51.9) 0.001
BMI, kg/m2 42.1 (5.1) 42.5 (5.3) 424 (5.4) 42.3 (5.4) 41.6 (5.2) 0.88
Smokers, n (percentage) 13 (30.2) 25 (19.1) 45 (22.5) 31 (25.6) 17 (32.7) 0.26
Metabolic syndrome components
Waist circumference, cm 116.5 (11.6)  122.6 (14.6) 124.9 (15.0) 127.0 (14.3)  125.3 (14.0) 0.001
Systolic BP, mm Hg 117 (8) 130 (14) 135 (18) 135 (14) 138 (15) <0.0001
Diastolic BP, mmHg 77 (6) 83 (9) 86 (11) 88 (10) 90 (10) <0.0001
HDL-cholesterol, mM 1.5 (0.3) 1.3 (0.3) 1.2 (0.3) 1.1 (0.2) 0.9 (0.2) <0.0001
Triglycerides, mM 1.1 (0.3) 1.2 (0.4) 1.8 (1.4) 24 (1.1) 3.2 (1.6) <0.0001
Glucose, mM 4.9 (0.3) 5.1 (0,4) 5.4 (0.7) 5.5 (0.6) 6.0 (0.4) <0.0001
Use of statins (percentage) 0 (0) 9 (6.9) 22 (11.0) 13 (10.7) 6 (11.5) 0.15
Use of antihypertensive 0 (0) 27 (20.6) 57 (28.5) 42 (34.7) 21 (40.4) <0.0001

drugs (percentage)

Mean (SD) shown except for percentages. P value indicates ANOVA comparison across groups.

BMI, body mass index; BP, blood pressure.

number of MetSyn components in men and women was
inversely associated with fat percentages of total body mass
and truncal region, and also inversely associated with fat
percentage of peripheral region in women. In Table 5, age-
and smoking-adjusted partial correlations between MetSyn
components, other lipids, and biomarkers with fat percent-
age of total body mass and truncal and peripheral fat are
shown. In men, CRP concentrations correlated with in-
creasing fat percentage of total body mass and central fat.
These relationships were also seen in women. However, in
women, paradoxical relationships between number of
MetSyn components and HDL-cholesterol and triglyceride
concentrations to total fat percentage and to peripheral fat
were seen (lesser number of components and lower tri-
glycerides, but higher HDL cholesterol with increasing
fat). HDL-cholesterol correlated positively to truncal fat
percentage. Also, ALT concentrations were inversely as-

sociated with all fat percentages in women, and uric acid
was inversely associated with total and peripheral fat
percentages.

Discussion

Our main findings were that degree of obesity, as mea-
sured by BMI or waist circumference, did not predict
MetSyn components, with the exception of systolic blood
pressure in women with morbid obesity. In men with morbid
obesity, systolic and diastolic blood pressures were positively
related to BMI and waist circumference, but paradoxical re-
lationships between BMI and lipids were observed. Further-
more, increasing number of components of MetSyn was
associated with decreasing total and truncal fat in women
and men and decreasing peripheral fat in women. In women,
paradoxical relationships were seen between total, truncal,

TABLE 2. OTHER LIPIDS AND LIPOPROTEINS, BIOMARKERS OF INFLAMMATION, AND OTHER MARKERS
OF METABOLIC SYNDROME STRATIFIED BY NUMBER OF METABOLIC SYNDROME COMPONENTS (N=547)

Number of components

Parameter One n=43 Two n=131 Three n=200 Four n=121 Five n=52 pP?
Other lipids
Total cholesterol, mM 52 (1.1) 5.0 (0.9) 5.3 (1.2) 5.5 (1.1) 5.4 (0.9) 0.009
LDL-cholesterol, mM 3.2 (1.0) 3.2 (1.2) 3.3 (1.0) 3.4 (0.9) 3.1 (1.0) 0.56
Lipoprotein (a), nM 319 (122, 782) 222 (84, 508) 144 (63, 354) 180 (87, 471) 161 (63, 280) 0.03
Apolipoprotein B, g/L. 0.9 (0.2) 0.9 (0.2) 1.0 (0.2) 1.1 (0.2) 1.1 (0.2) <0.0001
Biomarkers
C-reactive protein, mg/L. 8.5 (4.0, 16.0) 6.0 (3.0, 11.0) 6.0 (3.0, 11.0) 6.0 (3.3, 10.8) 5.0 (3.0, 8.0) 0.09
White blood cells,x 10°/L 6.7 (5.6,83) 65(054,81) 68(58,80 68(58,79 698,82 024
Ferritin, pg/L 54 (38, 102) 73 (36, 150) 92 (30, 150) 118 (51, 211) 162 (77, 264) <0.0001
Uric acid, pM 336 (74) 363 (75) 385 (91) 405 (81) 431 (85) <0.0001
ALT, U/L 20 (17, 31) 30 (20, 47) 31 (22, 45) 34 (24, 47) 36 (24, 57) <0.0001

Mean (SD) shown except for lipoprotein (a), C-reactive protein (CRP), ferritin, white blood cells, and alanine aminotransferase (ALT) for

which median (25th, 75th percentiles) are shown.
For total cholesterol, 1 missing; for LDL-cholesterol, 25 missing

(could not be estimated because high level of triglycerides); for

lipoprotein (a), 12 missing; for apolipoprotein B, 14 missing; for CRP, 10 missing; for ferritin, 14 missing; for white blood cells, 18

missing; for uric acid, 13 missing; and for ALT, 12 missing.
4P value indicates ANOVA comparison across groups.
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TABLE 3.
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BMI AND WAIST CIRCUMFERENCE CORRELATIONS WITH NUMBER OF METABOLIC SYNDROME COMPONENTS,

COMPONENTS OF METABOLIC SYNDROME, OTHER LIPIDS AND LIPOPROTEINS, BIOMARKERS OF INFLAMMATION,
AND OTHER MARKERS OF METABOLIC SYNDROME, ADJUSTED FOR AGE AND SMOKING STATUS (N=1547)

Male (n=203)

Female (n=344)

BMI Waist circumference BMI Waist circumference
Coefficient P Coefficient P Coefficient P Coefficient P
#MetSyn components -0.07 0.34 0.01 0.88 0.05 0.38 0.11 0.04
Systolic BP (all) 0.27 <0.0001 0.29 <0.0001 0.19 <0.0001 0.19 <0.0001
Diastolic BP (all) 0.25 <0.0001 0.32 <0.0001 0.01 0.79 0.05 0.34
Systolic BP (no medication) 0.32 <0.0001 0.35 <0.0001 0.21 <0.0001 0.23 <0.0001
Diastolic BP (no medication) 0.25 0.004 0.29 <0.0001 0.05 0.46 0.09 0.14
HDL-cholesterol 0.16 0.02 0.08 0.24 0.02 0.69 0.01 0.83
Triglycerides -0.16 0.03 -0.11 0.12 -0.02 0.71 0.03 0.59
Glucose 0.13 0.06 0.07 0.34 0.02 0.79 0.07 0.21
Total cholesterol 0.07 0.33 0.01 0.89 -0.06 0.24 0.03 0.56
LDL-cholesterol 0.13 0.07 0.04 0.60 -0.04 0.44 0.04 0.45
Lipoprotein (a) —-0.05 0.45 —-0.08 0.29 -0.07 0.20 —0.10 0.07
Apolipoprotein B 0.11 0.14 0.07 0.30 -0.06 0.30 0.03 0.59
C-reactive protein 0.32 <0.0001 0.27 <0.0001 0.24 <0.0001 0.24 <0.0001
White blood cells 0.24 0.001 0.20 0.005 0.15 0.008 0.19 0.001
Ferritin 0.03 0.72 0.09 0.21 -0.01 0.83 0.04 0.49
Uric acid 0.04 0.57 0.02 0.75 0.19 <0.0001 0.10 0.07
ALT 0.05 0.47 0.06 0.38 0.07 0.24 0.14 0.01

and peripheral fat percentages and HDL-cholesterol, tri-
glyceride, and ALT concentrations. Positive associations
between BMI, waist circumferences, fat percentages, and
inflammatory biomarkers were noted. Associations were
controlled for age and smoking, given the effects of smok-
ing on MetSyn.

The strength of this study is the inclusion of a large sample
of consecutive patients of which over one-third consisted of
men. Notably, there was no association between BMI and
number of MetSyn components, suggesting that other factors
than BMI determine MetSyn in morbid obesity, as suggested
previously.” Contrastingly, some studies have reported that
metabolic traits remain associated with traditional anthropo-
metric measures in severe obesity;mf12 however, these stud-
ies have included limited samples of severely obese
individuals. Furthermore, we found only a weak association
between waist circumference and number of MetSyn com-
ponents in women and none in men. This is in line with a
previous study of 100 morbidly obese individuals, in which
waist circumference did not correlate with the prevalence of

MetSyn, its severity, or with visceral fat area measured by
CT. However, CT-assessed visceral fat did show an asso-
ciation with MetSyn in this study.” These findings put to-
gether suggest that waist circumference is less useful as a tool
to assess MetSyn in the morbidly obese than in nonmorbidly
obese populations, and more specific tools may be needed,
including visualization by CT or other methods.

Of our total sample, 68% met the harmonized definition
of MetSyn, while the remaining one-third may be charac-
terized as metabolically healthy with high waist circum-
ference, but exhibiting none or only one other MetSyn
component above the proposed cutoff levels. This propor-
tion is similarly to that previously reported in morbidly
obese individuals.” The metabolically healthy participants
were more likely to be female and were younger than those
exhibiting a larger number of components of MetSyn. The
predominance of younger individuals and women is in line
with the notion that metabolically healthy obese individuals
are unlikely to be permanently protected from metabolic
disturbances.® Furthermore, compared with metabolically

TABLE 4. FAT DISTRIBUTION STRATIFIED BY NUMBER OF METABOLIC SYNDROME COMPONENTS (N=206)

Number of components

Parameter One n=14 Twon=50 Threen=77 Fourn=43 Five n=22 pP?
Men n=0 n=10 n=20 n=12 n=10
Fat percentage of total body mass — 44.3 (3.3) 39.9 (3.2) 41.5 (3.7) 41.2 (4.0) 0.02
Fat percentage of truncal region — 54.6 (2.4) 50.6 (3.8) 52.0 (4.0) 49.9 (4.5) 0.02
Fat percentage of peripheral region — 45.8 (4.8) 41.4 (4.9) 42.4 (4.6) 42.8 (5.5) 0.16
Women n=14 n=40 n=>57 n=31 n=12
Fat percentage of total body mass 54.3 (2.9) 53.7 (3.0) 51.2 (3.4) 50.9 (4.2) 49.5 (3.6) <0.0001
Fat percentage of truncal region 59.3 (2.2) 59.1 (4.3) 57.2 (4.0) 58.3 (4.4) 55.5 (4.0) 0.03
Fat percentage of peripheral region  57.8 (4.1) 57.6 (3.7) 55.2 (3.8) 53.4 (4.6) 52.3 (3.5) <0.0001

Mean (SD) shown.
4P indicates ANOVA comparison across groups.
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TABLE 5. PARTIAL CORRELATIONS BETWEEN TOTAL, TRUNCAL, AND PERIPHERAL FAT PERCENTAGES IN MEN
AND WOMEN WITH COMPONENTS OF METABOLIC SYNDROME, OTHER LIPIDS AND LIPOPROTEINS,
AND BIOMARKERS ADJUSTED FOR AGE AND SMOKING (N=206)*

Men Women
Total Truncal Peripheral Total Truncal Peripheral
r P r P P r P r P r P
#MetSyn Components -0.13 037 -0.19 0.18 -0.01 0.54 -0.38 <0.0001 -0.20 0.02 -0.42 <0.0001
Metabolic syndrome components
Systolic BP -0.24 0.10 -0.19 0.18 -0.23 0.12 -0.15 0.06 -0.08 035 -0.10 0.24
Diastolic BP -0.14 032 -0.03 0.85 -024 0.10 -0.13 0.13 -0.11 0.18 -0.10 0.25

Systolic BP (no meds) -0.26 0.18 -0.31 0.10 -0.24 0.21 -0.16 0.10 -0.02 0.87 -0.12 0.22
Diastolic BP (no meds) -0.18 0.34 -0.14 047 -030 0.12 -0.18 0.06 -0.13 0.16 -0.17 0.07

HDL-cholesterol -0.02 0.90 0.01 097 0.02 0.87 031 <0.0001 026 0.001 026 0.001
Triglycerides -0.17 024 -0.17 024 -0.21 0.15 -0.31 <0.0001 -0.13 0.10 -0.38 <0.0001
Glucose -0.02 0.88 -0.03 0.85 -0.01 094 -0.11 0.19 -0.03 0.73 -0.12 0.13
Other lipids and lipoproteins
Total cholesterol 0.03 0.83 0.01 096 0.02 091 -0.04 0.63 0.06 047 -0.10 0.21
LDL-cholesterol 0.15 0.34 0.08 0.61 0.12 044 -0.03 0.69 0.02 0.78 -0.06 048
Lipoprotein (a) 0.15 0.30 0.15 031 0.08 059 0.12 0.16 0.06 0.45 0.10 0.21
Apolipoprotein B 0.07 0.64 0.02 0.88 -0.02 0.89 -0.15 0.08 -0.06 048 -0.19 0.02
Biomarkers
C-reactive protein 042 0.003 031 003 0.27 006 028 0.001 0.20 0.02 0.27  0.001
White blood cell count  0.10 0.49 0.13 036 -0.04 0.79 —-0.06 048 -0.03 0.73 -0.08 0.34
Ferritin 0.09 0.55 -0.01 097 0.11 044 -0.11 0.20 0.04 0.66 -0.14 0.08
Uric acid -0.08 0.57 -0.20 0.18 0.01 095 -0.20 0.01 -0.07 042 -0.23 0.006
ALT -0.10 048 -0.14 033 -0.15 0.31 -0.37 <0.0001 -0.21 0.009 -0.38 <0.0001

r=partial correlation coefficient.

*For LDL-cholesterol, 8 missing (could not be estimated because high level of triglycerides); for Lp(a), 2 missing; for apolipoprotein B, 3

missing; and for C-reactive protein, 3 missing.

healthy normal weight individuals, obese persons are at an
increased risk for adverse outcomes, even in the absence of
metabolic abnormalities."

A key indicator of metabolic risks of obesity is the
presence of subclinical inflammation, as evidenced by an
elevated high-sensitivity CRP concentration, and increased
concentrations of other inflammatory markers, including
white blood cell count.'*'> Elevated CRP is prevalent even
among individuals with metabolically healthy obesity,'* and
may underlie the risk of adverse outcomes in this group.'?
We observed markedly elevated high-sensitivity CRP con-
centrations across all metabolic risk categories, and CRP
concentrations were correlated with BMI and waist cir-
cumference. Likewise, white blood cell counts, although not
grossly elevated, correlated with BMI and waist circum-
ference in both genders. While these biomarkers of in-
flammation did not associate with severity of MetSyn, as
indicated by the number of components, CRP concentrations
showed statistically significant associations with all fat de-
pots, while white blood cell count showed no associations.

Other biomarker indicators of obesity-related stress in-
clude oxidative stress and liver dysfunction.'> Both ferritin
and uric acid concentrations were associated with severity of
MetSyn, as seen in many obese populations,'” suggesting
that they may be useful markers of metabolic damage in the
morbidly obese, although causality cannot be determined in
a cross-sectional study. These biomarkers were not associ-
ated with waist circumference. Uric acid concentrations
were positively associated with BMI only in women, but a
novel finding was the inverse relation between uric acid in
relation to total and peripheral fat depots in women. While

uric acid acts as an antioxidant in response to increased
oxidative stress in normal weight individuals, it does not act
as an antioxidant in patients with MetSyn, as the system
appears to be saturated and unable to respond appropriately
to increased oxidative stress.'®

ALT concentrations indicating hepatic dysfunction were
classically associated with severity of MetSyn and waist
circumference in women. This finding is in line with a study
of liver fat in morbidly obese patients where MetSyn was
found to be independently related to fatty liver measured by
CT.’ However, inverse associations were found between
ALT and total, truncal, and peripheral fat in women, a
surprising finding that questions the suitability of DXA in
the extremely obese.

One of the best established links between obesity and CVD
risk is obesity-related dyslipidemia,” which is characterized
by reduced lipolysis of triglyceride-rich lipoproteins, and the
development of small dense LDL particles, small dense HDL
particles, and relatively high apolipoprotein B levels. No-
tably, these changes do not appear to depend on total body fat
mass.” Previously, studies have revealed lower free fatty
acids and triglyceride concentrations before and after fat
overloads in patients with MetSyn with or without morbid
obesity.'® In line with this, we found no relationship between
BMI or waist circumference and lipids in women, and in
men, relationships were paradoxical, with positive relations
between BMI and HDL-cholesterol and an inverse relation-
ship between BMI and triglycerides. We suggest that diver-
gent findings regarding risk factor expression may be due to
the sequestering of fat in adipose tissue in morbid obesity. In
elegant experiments, Tinahones et al. showed that in the face
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of increased lipolysis, the net release of free fatty acids into
the bloodstream is counteracted by increased reuptake and
cycling in the morbidly obese.'” This is facilitated by in-
creased expression of PPARY and other enzymes involved in
lipid storage, thus ensuring the storage and relocalization of
the excess triglyceride.'’

A trend toward lower lipoprotein (a) concentrations with
increasing number of MetSyn components was noted in our
study. This observation has been made previously in a pre-
dominantly healthy Asian occupational cohort and appeared
to be independent of confounders.'® Also, in a cohort of
Italian hypertensive patients, lipoprotein (a) levels were sig-
nificantly, independently, and progressively lower with in-
creasing insulin resistance.'® Lipoprotein (a) concentrations
are strongly linked to apolipoprotein (a) allele size and ex-
pression, while dietary, lifestyle, and environmental factors
have less influence. Thus, these data suggest that shared ge-
netic mechanisms may underlie the associations, although
other nongenetic explanations are possible.

In the subgroup that completed the DXA procedure, se-
verity of MetSyn appeared to be associated with lower total,
truncal, and peripheral fat depots (Table 4). Given that BMI
did not differ according to MetSyn severity, this finding
underscores the role of large depots in ‘‘absorbing’ meta-
bolic risks. The protective associations between lower body
fat and cardiovascular risk in nonobese populations have
been long known.”® We previously reported that leg fat mass
protected against metabolic risks in obese women, although
not in obese men.?' A study of severely obese premeno-
pausal women, with BMI >40 found that leg fat correlated
negatively with cardiovascular risk factors.”” These findings
extend these observations to women and men with morbid
obesity and suggest that adequate fat depots may be ad-
vantageous, although ectopic fat would not be expected to
protect against metabolic risks even in this population. This
idea would need in depth and further investigation with CT-
or MR-based methodology. Furthermore, HDL-cholesterol
concentrations were positively associated with all fat depots,
and triglyceride concentrations were inversely associated
with total and peripheral depots in women. Notably, a large
study of South Koreans found that metabolically healthy
obese persons had an attenuated risk of preclinical athero-
sclerosis in contrast to metabolically abnormal obese and
nonobese persons.23 While not directly comparable to the
current findings, this suggests that obesity in itself is less
important than the metabolic abnormalities.

Study limitations

We lacked data on dietary patterns, alcohol consumption,
and physical activity of the participants. Only 38% partici-
pated in the DXA due, in part, to limitations in performing
the procedure in very heavy individuals. Thus, the findings
regarding fat distribution may not apply to individuals with
extreme obesity. Furthermore, hepatic fat was not quantified
through ultrasound or other methods. We did not adjust for
use of statins, but findings excluding users of statins did not
differ substantially from shown associations (data not shown).

Conclusion

MetSyn severity does not seem to linearly increase with
BMI, suggesting a need for better markers of CVD risk in
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the morbidly obese, particularly women. The paradoxical
inverse correlation between BMI and fat distribution with
lipids and other biomarkers suggests protective effects of fat
depots in the morbidly obese, but prospective studies are
needed to establish causality.
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KEYWORDS Abstract Background and aims: Persons with “metabolically healthy” obesity may develop car-
Metabolic syndrome; diometabolic complications at a lower rate than equally obese persons with evident metabolic
POPs; syndrome. Even morbidly obese individuals vary in risk profile. Persistent organic pollutants
Morbid obesity; (POPs) are widespread environmental chemicals that impair metabolic homeostasis. We
Insulin resistance explored whether prevalence of metabolic syndrome in morbidly obese individuals is associated

with serum concentrations of POPs.

Methods and results: A cross-sectional study among 161 men and 270 women with BMI >35 kg/
m? and comorbidity, or >40 kg/m?. Circulating concentrations of 15 POPs were stratified by
number of metabolic syndrome components. In multiple logistic regression analysis odds ratios
between top quartile POPs and metabolic risk factors versus POPs below the top quartile were
calculated adjusting for age, gender, body mass index, smoking status, alcohol consumption
and cholesterol concentrations. Age-adjusted concentrations of trans-nonachlor and dioxin-
like and non-dioxin-like polychlorinated biphenyls (PCBs) increased with number of metabolic
syndrome components in both genders (p < 0.001), while the organochlorine pesticides HCB,
B-HCH and p,p’'DDE increased only in women (p < 0.008). Organochlorine pesticides in the
top quartile were associated with metabolic syndrome as were dioxin-like and non-dioxin-like
PCBs (OR 2.3 [95% CI 1.3—4.0]; OR 2.5 [95% CI 1.3—4.8] and 2.0 [95% CI 1.1—3.8], respectively).
Organochlorine pesticides were associated with HDL cholesterol and glucose (OR = 2.0 [95%
Cl = 1.1-34]; 2.4 [95% Cl = 1.4—4.0], respectively). Dioxin-like PCBs were associated with dia-
stolic blood pressure, glucose and homeostatic model assessment-insulin resistance index
(OR = 2.0 [95% CI = 1.1-3.6], 2.1 [95% CI = 1.2—3.6] and 2.1 [95% CI = 1.0—4.3], respectively).
Conclusion: In subjects with morbid obesity, metabolic syndrome was related to circulating levels
of organochlorine pesticides and PCBs suggesting that these compounds aggravate clinically rele-
vant complications of obesity.
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Introduction

Obesity represents one of the most widespread public
health and clinical challenges worldwide [1], and is
commonly associated with a cluster of cardiometabolic
risk factors [2]. Notably, obesity is not always associated
with metabolic syndrome, even among persons charac-
terized as morbidly obese (BMI of >40 kg/m? or > 35 and
with obesity related health conditions). Obese persons that
do not meet criteria for metabolic syndrome have been
characterized as “metabolically healthy obese” [3]. While
these individuals are at risk for type 2 diabetes and car-
diovascular events, they may be at lower risk than persons
with metabolic syndrome, at the same level of obesity, at
least in the short term [4—6]. Why some obese persons
develop cardiometabolic risks earlier or more markedly
than others may be related to lifestyle or polygenic vari-
ability but remains poorly understood.

During the last years, emerging evidence has linked
environmental pollutants, particularly persistent organic
pollutants (POPs), to obesity and related health problems
[7]. Among POPs, organochlorine pesticides and poly-
chlorinated biphenyls (PCBs) are lipophilic chemicals that
accumulate in living organisms, acting as endocrine and
metabolic disruptors [8]. Though the manufacture and
usage of many of these compounds have been regulated,
the prior environmental burden may influence current
body levels and result in hazardous health conditions.

Results of observational studies have shown that serum
concentrations of POPs are related to risk of type 2 dia-
betes [7,8]. Furthermore, in persons without diabetes,
organochlorine pesticides and PCBs have been associated
with insulin resistance, dyslipidemia and metabolic syn-
drome in the United States [9—12]. These relationships
have been confirmed in studies that analyzed adipose
depots of POPs [13,14]. Even in normal weight individuals
POP concentrations appear to associate with unhealthy
metabolic phenotypes [15]. Interestingly, the burden of
POPs may be more strongly related to some metabolic
risks than others [11—16] and may correlate with degree of
atherosclerosis [17]. Accumulated POPs may differ ac-
cording to population characteristics, including ethnic and
socioeconomic variables [18].

In persons with already established obesity, some data
have shown associations between POPs and metabolic
risks. In obese postmenopausal women the metabolically
healthy obese phenotype was associated with lower con-
centrations of POPs compared to metabolically abnormal
phenotypes [19]. In patients that underwent bariatric
surgery, POPs concentrations in adipose tissue were linked
to metabolic syndrome [13].

Patients with morbid obesity bear the largest burden of
excess body fat. However, even in this high-risk group,
metabolic risks may vary therefore requiring a range of
clinical approaches to treatment [20]. The current study
examined whether circulating concentrations of POPs
were associated with metabolic syndrome in a sample of
consecutive men and women with morbid obesity referred
for treatment.

Methods

Patients referred to the Preventive Cardiology Clinic at
Oslo University Hospital, Oslo, Norway between April 2005
and December 2010 were asked to participate, and
included provided that they gave written informed con-
sent. The study conformed to the Helsinki Declaration and
was evaluated by the Ethics committee for region 1 in
Norway.

Participants with BMI >35 kg/m? with accompanying
obesity-related comorbidity (including hypertension, sleep
apnea, dyspnea, polycystic ovarian syndrome, asthma,
hypercholesterolemia, gout, musculoskeletal symptoms,
gall bladder symptoms, esophageal reflux, pulmonary or
deep vein embolism, intermittent claudication, angina
pectoris and depression) or BMI >40 kg/m? regardless of
comorbidity were included in the present study (n = 431).
Subjects with type 2 diabetes were excluded as the focus
of the present study was on cardiometabolic risks.

Participants completed a health questionnaire and un-
derwent anthropometric measurements. Waist circumfer-
ence was measured at midpoint between the inferior
costal margin and the highest point of the iliac crest, and
hip circumference was measured at the widest point
around the hips. Height was recorded to the nearest cm.
Patients were weighed to the nearest 1.0 kg using a cali-
brated mobile electronic scale (Seca 720, Medical Scales
and Measuring Systems, Birmingham, UK) and BMI was
calculated. Blood pressure was measured using an auto-
matic blood pressure monitor (52000 Series Vital Signs
Monitor, Welch Ally, New York, USA) following a 5-
min rest.

Classification of metabolic syndrome was performed
according to the harmonized definition [2] and included
>3 of the following: waist circumference >102 cm for men
and >88 cm for women; blood pressure >130/85 mmHg or
drug-treated hypertension; triglycerides >1.7 mmol/l;
HDL-cholesterol <1.0 mmol/l for men or <1.3 mmol/l for
women; and fasting glucose >5.6 mmol/l. Subjects were
stratified by number of these components.

Laboratory analyses

Participants fasted overnight for >10 h, before providing
blood samples between 0800 h and 1100 h. Analyses of
blood samples were performed at Oslo University Hospital
(Clinical Chemistry Laboratory at Ullevdl and Endocrine
Laboratory at Aker). Total cholesterol, HDL-cholesterol, tri-
glycerides, glucose, and high-sensitivity C-reactive protein
(CRP) concentrations were measured on an automated
analyzer Cobas Integra 800 (Roche Diagnostics, Mannheim,
Germany). Insulin was determined by non-competitive
immunofluorometric assay, using an AutoDelfia 1235
Automatic Immunoassay System (H1855-21291) (Perkin
Elmer Inc.) in 209 subjects with BMI >40 kg/m? The Ho-
meostasis Model Assessment insulin resistance index
(HOMA-IR) to estimate insulin resistance was calculated in
subjects with insulin measurements [21].
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Assessment of circulating POPs concentrations

POPs were measured in 200 pl of serum at the National
Institute for Health and Welfare (THL), Kuopio, Finland. The
following POPs were measured: polybrominated diphenyl
ethers (PBDEs) 47, 99 and 153; polychlorinated biphenyls
(PCBs) including dioxin-like (118, 156) and non-dioxin-like
(74, 99, 138, 153, 170, 180, 183, 187) compounds; and
organochlorine pesticides including dichlorodiphenyltri-
chloroethane (p,p’'DDT), dichlorodiphenyldichloroethylene
(p,p'DDE), hexachlorocyclohexanes (a-HCH, B-HCH, y-HCH),
pentachlorobenzene (PeCB), hexachlorobenzene, trans-
nonachlor, and oxychlordane. The detection rate for PeCB,
a-HCH, y-HCH, oxychlordane and all PBDEs was <75%, and
thus, these analytes were excluded from further statistical
analyses.

A full description of the analytical method has been
published previously [22]. Limits of quantification for
POPs were 5—40 pg/ml. In each batch of samples a control
serum sample from the National Institute of Standard and
Technology, Standard Reference Material (SRM) 1958 for
POPs was included (n = 13). An in-house produced low
level control sample was prepared by 1—9 dilution of SRM
1958 with new born calf serum (NBCS) and also included
in each batch of samples (n = 13). Average concentra-
tions for POPs from SRM 1958 were 87—111% of the
certified/indicative concentrations. Coefficients of varia-
tion (CVs) were 1.4—4.4% for SRM 1958 and 1.8—8.9% for
diluted SRM 1958. The Environmental Health Unit par-
ticipates to AMAP inter laboratory comparison (Ring Test
for Persistent Organic Pollutants in human serum, Na-
tional Institute of Public Health, Quebec, Canada) where
16 of the target POPs from three serum samples are re-
ported for each round. During the last two years results
from all samples for all POPs have been acceptable
(|z]<2). Accuracy of the results for individual compounds
from individual samples varied from 77 to 121% of the
assigned values.

Statistical analyses

Statistical analyses were performed using SPSS 21 (SPSS
Inc, Chicago, IL). P-values <0.05 were considered statisti-
cally significant. All variables were tested for normality,
and logarithmically transformed if not normally distrib-
uted (triglycerides, BMI, HOMA-IR index, CRP and all
POPs). Elevated CRP concentrations were defined as
>4.0 mg/L versus <4.0 mg/L. CRP concentrations >40 mg/l
were excluded due to likely intercurrent illness (n = 7).
We calculated sums of five organochlorine pesticides
(HCB, B-HCH, trans-nonachlor, p,p’'DDT and p,p’DDE), sums
of dioxin-like PCBs (118 and 156) and non-dioxin-like PCBs
(74, 99, 138, 153, 170, 180, 183 and 187). Age-adjusted
partial correlations between sums of POPs and BMI and
total cholesterol were calculated as were bivariate corre-
lations with age. Age-adjusted means were compared for
women and men according to number of metabolic syn-
drome components using one-way analysis of variance
(ANOVA). The 75th percentile of each organochlorine
pesticide was calculated in each sex. A point was given for

each organocholorine pesticide >75th percentile, the sum
of points was calculated and the 75th percentile of the
sum calculated. Dioxin-like PCBs, and non-dioxin-like PCBs
were summed and the sex-specific 75th percentile was
calculated.

We examined the mean of each metabolic syndrome
component and its markers according to tertiles of each
organochlorine pesticide, sums of organochlorine pesti-
cides, and sums of dioxin-like and non-dioxin-like PCBs.
Values of metabolic syndrome components or markers in
the lowest tertiles similar to the highest tertiles were not
observed, and further analyses of possible U-shaped re-
lationships were not done.

Finally we performed binary logistic regression analysis
controlling for age, gender, smoking status, body mass
index, alcohol consumption and cholesterol concentra-
tions to estimate odds ratios and 95% confidence intervals
for presence of metabolic syndrome, its components and
markers according to the presence of elevated POPs
(separately for organochlorine pesticides and summed for
organochlorine pesticides and dioxin-like and non-dioxin-
like PCBs). POP concentrations adjusted for total choles-
terol were compared to those obtained when cholesterol
was included as a covariate in the models without
cholesterol-adjusted concentrations. These results did not
differ substantially (data not shown) and results consid-
ering total cholesterol a covariate in the regression ana-
lyses are presented.

Results

We analyzed data from 431 participants (270 women and
161 men) aged between 18 and 78 years. Clinical charac-
teristics and cardiometabolic risk markers are presented in
Table 1. The mean BMI was 42 kg/m?, and almost three-
fourths of men and 60% of women met metabolic syn-
drome criteria.

In women, concentrations of all POPs, with the excep-
tion of p,p’DDT, increased with number of metabolic
syndrome components (Table 2). In men, dioxin-like and
non-dioxin-like PCB concentrations increased according to
number of metabolic syndrome components, whereas,
among organochlorine pesticides, only trans-nonachlor
concentrations were statistically significantly increased
(Table 3).

Sums of organochlorine pesticides, dioxin-like PCBs and
non-dioxin-like PCBs correlated strongly with age (r = 0.5,
0.5, 0.6, respectively; p < 0.0001). However, summed
organochlorine pesticides, dioxin-like PCBs and non-
dioxin-like PCBs did not correlate with BMI in partial
correlation analyses corrected for age among men (r = —
001,p=09;r =005 p=06andr = 0.01, p = 0.9;
respectively) and women (r = 0.01, p = 0.9; r = — 0.01,
p=08andr = — 0.1, p = 0.1; respectively) or with waist
circumference in men (r = — 0.1, p = 0.1; r = — 0.03,
p=06andr = — 0.1, p = 04; respectively) and women
(r=-01,p=03;r=0L,p=01andr =01,p = 0.1;
respectively). Summed organochlorine pesticides did not
correlate with total cholesterol (r = 0.1, p = 0.2), while
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Table 1 Characteristics of participants (N = 431) stratified by
gender. Values are shown as mean (SD) except for triglycerides, C-
reactive protein (CRP), alanine aminotransferase (ALT) and ho-
meostatic model assessment-insulin resistance (HOMA-IR) index
which are shown as median and 25. and 75. percentiles. Smoking
status, metabolic syndrome and use of antihypertensive drugs are
shown in percentages.

Men (n = 161) Women (n = 270)

Age, years 41.5(12.3) 39.7 (11.9)

BMI, kg/m? 41.6 (5.1) 42.4(5.1)

Smoking, No (percentage) 47 (29.2) 29 (21.9)

Metabolic syndrome, No 116 (72.0) 160 (59.3)
(percentage)

Use of statin, No 24 (14.9) 16 (5.9)
(percentage)

Components of metabolic syndrome

Waist circumference, cm 132 (13) 119 (13)

Systolic blood pressure, 137 (16) 130 (16)
mmHg

Diastolic blood pressure, 87 (10) 84 (10)
mmHg

Use of antihypertensive 57 (35.4) 62 (23.0)
drugs, No (percentage)

HDL-cholesterol, mmol/l 1.1 (0.3) 1.3 (0.3)

Triglycerides, mmol/l 1.8 (1.3-2.6) 1.4 (1.0-1.9)

Fasting glucose, mmol/l 5.5 (0.6) 5.3 (0.6)

Other cardiometabolic markers

Total cholesterol, mmol/l 5.1 (1.0) 5.3(1.1)

HOMA-IR index® 4.8 (3.2-7.0) 3.2(2.1-4.8)

CRP, mg/L" 5.0 (2.0-8.0) 7.0 (4.0—12.0)

ALT, U/L 45.0 (34.0-63.0) 24.0 (19.0—34.0)

2 For HOMA-IR index n = 76 for men and n = 133 for women.
b For CRP 5 values were missing and 7 values > 40 mg/L were
excluded.

summed dioxin-like PCBs and non-dioxin-like PCBs
correlated with total cholesterol in partial correlations
corrected for age (both r = 0.2, p < 0.0001).

In regard to single pesticides showing significant asso-
ciations in Table 2 or 3, HCB and B-HCH concentrations
>75th percentile were associated with fasting glucose
(OR = 2.0 [CI = 1.2—-3.4] and 2.0 [CI = 1.2—3.3], respec-
tively. Trans-nonachlor was associated with metabolic
syndrome (OR 2.1 [1.2—3.9] and triglycerides (OR 1.9
[1.1-3.5]. p,p’DDE showed no significant associations (data
not shown).

Organochlorine pesticides >75th percentile were
associated with metabolic syndrome, HDL cholesterol and
glucose (Table 4). As shown in Table 5, dioxin-like PCBs
>75th percentile were associated with metabolic syn-
drome, diastolic blood pressure and fasting glucose, as
well as with HOMA-IR index. Non-dioxin-like PCBs were
associated with metabolic syndrome and fasting glucose
(but pre-specified statistical significance was not reached
for glucose) as shown in Table 6. Organochlorine pesticides
>75th percentile were not associated with elevated CRP
concentrations in men and women (OR = 0.8
[CI = 0.3—2.1] and OR = 0.8 [C] = 0.4—1.6], respectively).
Likewise, dioxin-like PCBs were not associated with CRP in
men and women (OR = 0.5 [C] = 0.2—1.6] and OR = 0.8
[CI = 0.4—-1.8], respectively). Non-dioxin-like PCBs were
associated with lower risk of high CRP in men (OR = 0.3
[CI = 0.09-0.7]), but not in women (OR = 09
[CI = 0.4-21]).

Discussion

In this study conducted in morbidly obese men and
women, the odds of metabolic syndrome (i.e. fulfilling
three or more of the criteria) was increased by 2.3 times in
participants with high circulating concentrations of
organochlorine pesticides, 2.5 times in participants with

Table 2 Persistent organic pollutant concentrations in women according to number of metabolic syndrome components (n = 270). Age-

adjusted means, median and 25. and 75. percentiles are shown.

1-2 (n = 110) Mean 50. 3 (n = 83) Mean 50. (25., 4 (n = 59) Mean 50. (25., 5 (n = 18) Mean 50. (25., P value

(25.,75.) 75.) 75. 75.)
Organochlorine pesticides (pg/ml)
HCB 75.3 54.5(37.0-79.3) 66.8 75.0(46.0-112.0) 78.5 76.0(53.0-101.0) 844 83.5(59.3—123.3) 0.001
B-HCH 229 22.0(8.0—45.3) 32.7 35.0(22.0—63.0) 304 31.0(19.0-53.0) 47.6 515 (27.5-72.3) 0.003
trans-Nonachlor 11.9 11.0 (6.0—21.0) 16.5 19.0(11.0—38.0) 19.5 18.0(10.0—37.0) 25.3 32.5(15.0-54.3) <0.0001
p,p’'DDT 11.3 8.0(8.0-8.0) 13.6 8.0(8.0—22.0) 13.8 8.0(8.0—20.0) 19.6 20.0 (8.0—29.3) 0.1
p,p’'DDE 315 265 (151-597) 407 466 (227—-1044) 417  335(175-722) 679 715 (327—-1269) 0.008
Dioxin-like polychlorinated biphenyls (pg/ml)
PCB-118 26.8 27.0(15.0-41.8) 34.1 38.0(21.0-67.0) 43.0 40.0(26.0-71.0) 443 51.0(28.8—83.3) <0.0001
PCB-156 9.7 9.5 (3.0-20.0) 13.6 18.0(8.0—33.0) 15.1 16.0 (8.0—26.0) 17.2 18.5(9.0—34.0) <0.0001
> 37.5 39.0(19.8—59.3) 55.1 61.0(29.0—-95.0) 57.7 59.0 (38.0-97.0) 63.7 74.0 (41.8—-116.3) <0.0001
Nondioxin-like polychlorinated biphenyls (pg/ml)
PCB-74 89 9.5(3.0-15.0) 12.0 16.0(7.0—27.0) 145 14.0 (8.0-25.0) 154 19.0 (10.0-23.3) <0.0001
PCB-99 11.3 12.0(6.8—19.0) 14.5 17.0(9.0—-33.0) 17.4 19.0 (10.0—30.0) 18.8 18.0 (11.8—40.3) 0.005
PCB-138 704 76.5(37.0-121.0) 90.6 113.0(54.0-187.0) 106.8 114.0 (63.0—-164.0) 112.6 116.0(71.5-226.3) 0.002
PCB-153 104 106 (53—182) 139 180(82—-291) 159 164 (93—247) 173 183 (109—334) <0.0001
PCB-170 28.6 29.5(14.8-56.3) 38.1 51.0(23.0—87.0) 449 46.0 (24.0-76.0) 49.5 55.0(31.5-92.3) <0.0001
PCB-180 60.2 62.0(29.0—-117.0) 81.5 103.0(49.0-185.0) 92.9 98.0(52.0-153.0) 104.3 116.5(67.3—196.8) <0.0001
PCB-183 7.1  7.5(3.0-12.3) 94 12.0(5.0—21.0) 112 11.0 (6.0-19.0) 13.0 12.0(8.0—28.3) <0.0001
PCB-187 17.9 19.0 (9.0—34.5) 239 31.0(14.0-59.0) 294 32.0(16.0-52.0) 32.7 35.5(21.8-70.3) <0.0001
> 312 316 (157—566) 469 544 (252—-875) 468 491 (274—768) 535 549 (323-1020) <0.0001
HCB = Hexachlorobenzene, HCH-beta = B-hexachlorocyclohexane, p,p’'DDT = dichlorodiphenyltrichloroethane, p,p’DDE = Dichlor-

odiphenyldichloroethylene, PCB = polychlorinated biphenyl.
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Table 3 Persistent organic pollutant concentrations in men according to number of metabolic syndrome components (N = 161). Age-adjusted

means, median and 25. and 75. percentiles are shown.

1-2 (n = 45) Mean 50 3 (n = 45) Mean 50 (25., 4 (n = 45) Mean 50 (25., 5 (n = 26) Mean 50 (25., P-value
(25.,75.) 75.) 75.) 75.)
Organochlorine pesticides (pg/ml)
HCB 73.2 67.2(42.5-94.0) 78.0 77.0(59.5-99.5) 84.8 86.0(59.0—125.0) 101.2 94.0(83.8—142.0) 0.08
B-HCH 272 23.0(8.0-41.0) 273 27.0(17.0-43.5) 30.5 36.0(17.5-57.5) 373 42.0(32.5-75.5) 04
trans-Nonachlor 19.2 18.0(8.0-32.0) 30.1 30.0(14.0-52.5) 31.1 34.0813.5-72.0) 359 46.5(32.8—69.3) 0.001
p,p’'DDT 11.7 8.0(8.0—17.5) 11.6 8.0(8.0—16.5) 11.6 8.0(8.0—18.5) 15.1  16.0 (8.0—26.8) 0.3
p,p’'DDE 358 321(131-651) 398 358 (204-707) 454 360 (195—902) 598 690 (431-1297) 0.1
Dioxin-like polychlorinated biphenyls (pg/ml)
PCB-118 363 30.0(17.5-59.0) 48.7 44.0(31.5-80.0) 44.2 44.0(23.5-80.0) 589 77.0(49.3-119.3) 0.007
PCB-156 16.8 14.0 (7.0-32.5) 23.8 23.0(145-45.0) 248 32.0(105-57.0) 32.7 46.5(27.8—69.0) <0.0001
458 50.0(24.5—-87.5) 70.8 73.0(50.0-125.0) 75.9 76.0(35.0-151.0) 121.5 124.5(83.8—204.8) 0.001
Non-dioxin-like polychlorinated biphenyls (pg/ml)
PCB-74 11.8 10.0 (5.0-21.0) 15.7 15.0(9.0—25.0) 15.0 17.0(8.0—-31.0) 224  25.0(16.5-43.8) 0.007
PCB-99 16.2 16.0(8.0—26.0) 233 25.0(13.5-40.0) 23.0 25.0(14.5-46.0) 332 44.5(27.0-55.8) 0.002
PCB-138 109 96 (49—181) 150 142 (92—252) 152 167 (80—322) 206 266 (177—362) <0.0001
PCB-153 167 150 (75—293) 232 204 (125-366) 238 276 (120—469) 317 394 (291-583) <0.0001
PCB-170 47.6 42.0(21.5-86.0) 68.1 68.0(35.5—121.5) 714 95.0(35.5—146.0) 94.8 124.0(82.5—177.0) <0.0001
PCB-180 102 88 (47—184) 145 141 (77-265) 150 196 (73—312) 197 262 (176—388) <0.0001
PCB-183 11.3 9.0(3.0—19.0) 16.2 15.0 (9.0—29.5) 153 18.0(8.0—37.5) 23.0 28.5(20.0-40.3) 0.001
PCB-187 29.2 24.0(12.5-55.5) 439 43.0(24.5—-85.0) 453 58.0(20.5—102.5) 61.9 85.0(49.5-126.3) <0.0001
> 416 445(227-910) 671 660 (417—-1196) 771 878 (362—1440) 1287 1233 (655—1796) <0.0001
HCB = Hexachlorobenzene, HCH-beta = p-hexachlorocyclohexane, p,p’'DDT = dichlorodiphenyltrichloroethane, p,p’DDE = Dichlor-

odiphenyldichloroethylene, PCB = polychlorinated biphenyl.

high circulating concentrations of dioxin-like PCBs and
doubled in those with elevated non-dioxin-like PCB con-
centrations compared to those with lower circulating
concentrations. In participants with elevated organochlo-
rine compounds HDL-cholesterol was decreased and fast-
ing glucose concentrations were elevated. In participants

Table 4 0Odd ratios of ranked organochlorine pesticides (HCB, B-
HCH, trans-Nonachlor, p,p’DDT, p,p’'DDE) equal or higher than the
gender-specific 75th percentile for presence of metabolic syndrome
and metabolic risk factors adjusted for age, gender, BMI, smoking,
alcohol consumption and total cholesterol concentration (N = 431).

0dds 95% Confidence P value

ratio interval

Metabolic syndrome (>3 23 13-40 0.006
components vs <3)

Components of metabolic syndrome

Systolic BP, (>130 mm Hg or use 0.6 0.3—1.0 0.1
of medication vs <130 mmHg)

Diastolic BP, (>85 mm Hg or use of 0.9 0.5—1.5 0.6
medication vs <85 mmHg)

HDL-cholesterol (low versus 20 11-34 0.02
high)?

Triglycerides (>1.7 mmol/l vs 1.6 09-28 0.1
<1.7 mmol/l)

Fasting glucose (>5.6 mmol/lvs 24 1.4—4.0 0.001
<5.6 mmol/l)

Other cardiometabolic markers

HOMA-IR index” (>median vs 1.9 1.0-3.7 0.1
<median)

ALT (high versus low)" 0.7 03-14 0.3

¢ For men <1.0 mmol/l vs >1.0 mmol/l. For women <1.3 mmol/l
vs >1.3 mmol/l.

> For HOMA-IR index (homeostatic model assessment-insulin
resistance) n = 209.

¢ For men >70 U/L vs <70 U/L. For women >45 U/L vs <45 U/L.

with elevated dioxin-like PCBs, diastolic blood pressure
and fasting glucose concentrations were elevated, as was
HOMA-IR, indicating insulin resistance. To our knowledge,
this is the first study to explore the relation between POPs
concentrations and metabolic risks in the morbidly obese.

The population studied was patients consecutively
referred for treatment of morbid obesity, and thus may
represent a higher cardiovascular risk population than the
general obese population. Despite likely selection bias,
over one-quarter of men and 40% of women did not meet
the definition of metabolic syndrome, as they demon-
strated only 1—2 components, including waist circumfer-
ence, in all cases, and none or only one more metabolic
syndrome component. These differing profiles illustrate
the importance of understanding possible underlying
pathophysiological mechanisms that may expose some
individuals to greater risk of metabolic disturbances and in
turn elevated cardiovascular risk.

We found that age-adjusted concentrations of POPs
increased in a near-linear manner with number of meta-
bolic syndrome components (Tables 2 and 3). Concentra-
tions of POPs were strongly age-related reflecting the
effects of biological aging or birth cohort effects. Lipophilic
compounds accumulate in fat deposits with time and older
patients were exposed to high exposures at a time when
environmental levels were higher than today. Health ef-
fects are influenced by concentrations experienced by
human cohorts during several decades [20]. Furthermore,
the lifetime accumulation of POPs in serum or adipose
tissue reflects common dietary sources over a long period
of time.

A number of previous studies in non-diabetic subjects
have found associations between POPs and dyslipidemia
and metabolic syndrome or high fasting glucose
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Table 5 Odd ratios of metabolic syndrome and metabolic risk
factors according to summed dioxin-like PCBs equal or higher than
the gender-specific 75th percentile adjusted for age, gender, BMI,
smoking, alcohol consumption and total cholesterol concentration
(N = 431).

Odds 95% P value
ratio Confidence
interval
Metabolic syndrome (>3 components 2.5 1.3—4.8 0.005
vs <3)
Components of metabolic syndrome
Systolic BP, (>130 mm Hg or use of 1.5 0.8—2.8 0.2
medication vs <130 mmHg)
Diastolic BP, (>85 mm Hg or use of 2.0 1.1-3.6 0.02
medication vs <85 mmHg)
HDL-cholesterol (low versus high)* 14 0.8-2.4 0.3
Triglycerides (>1.7 mmol/l vs 1.7 0.9-3.1 0.1
<1.7 mmol/l)
Fasting glucose (>5.6 mmol/l vs 21 12-36 0.01
<5.6 mmol/l)
Other cardiometabolic markers
HOMA-IR index” (>median vs 21 1.0-43 0.047
<median)
ALT (high versus low)" 09 04-2.0 0.8

¢ For men <1.0 mmol/l vs > 1.0 mmol/l. For women <1.3 mmol/l
vs >1.3 mmol/l.

> For HOMA-IR index (homeostatic model assessment-insulin
resistance) n = 209.

¢ For men >70 U/L vs <70 U/L. For women >45 U/L vs <45 U/L.

concentrations [10,12,23]. However, the specific POPs or
group of POPs associated with cardiometabolic risk may
vary according to geographic location and time period. We
grouped POPs into three categories (organochlorine

Table 6 Odd ratios of metabolic syndrome and metabolic risk
factors according to summed non-dioxin-like PCBs equal or higher
than the gender-specific 75th percentile adjusted for age, gender,
BMI, smoking, alcohol consumption and total cholesterol concen-
tration (N = 431).

0dds 95% Confidence P value
ratio interval

Metabolic syndrome (>3 20 1.1-3.8 0.03
components vs <3)

Components of metabolic syndrome

Systolic BP, (>130 mm Hg or use 1.1 0.6—2.1 0.7
of medication vs <130 mmHg)

Diastolic BP, (>85 mm Hg or use of 1.6 0.9—2.8 0.1
medication vs <85 mmHg)

HDL-cholesterol (low versus 1.2 07-22 0.5
high)?

Triglycerides (>1.7 mmol/l vs 1.7 0.9-3.1 0.1
<1.7 mmol/l)

Fasting glucose (>5.6 mmol/lvs 1.8 1.0-3.1 0.05
<5.6 mmol/l)

Other cardiometabolic markers

HOMA-IR index” (>median vs 1.7 08-34 0.2
<median)

ALT (high versus low)" 0.9 04-20 0.9

¢ For men <1.0 mmol/l vs >1.0 mmol/l. For women <1.3 mmol/l
vs >1.3 mmol/l.

> For HOMA-IR index (homeostatic model assessment-insulin
resistance) n = 209.

¢ For men >70 U/L vs <70 U/L. For women >45 U/L vs <45 U/L.

pesticides, dioxin-like PCBs and non-dioxin-like
PCBs) > the 75th percentile threshold as looking at each
compound separately may result in misclassification
[24,25] and multiple hypothesis testing, with the excep-
tion of organochlorine pesticides, that we also looked at
separately. PCBs and hexachlorobenzene concentrations
predicted type 2 diabetes in meta-analysis [26] in line with
our findings. PCBs have been associated with impaired
glucose metabolism in young adults followed over 23
years [27] and cross-sectionally in obese individuals [28].
Recently, a mixture of PCBs and hexachlorobenzene was
shown to have an additive effect on incident metabolic
syndrome, but synergistic effects were not found [23]. A
study of POPs in adipose tissue samples obtained between
2003 and 2004 found independent associations between
the organochlorine pesticides B-hexachlorocyclohexane
and hexachlorobenzene and metabolic disturbances [12],
both compounds that associated with impaired fasting
glucose in the present study. In the National Health and
Nutrition Examination Survey performed in 1999—2002
organochlorine pesticides were most strongly associated
with HOMA-IR and metabolic syndrome [9,10], but asso-
ciations were also found for some PCBs [9,10]. The asso-
ciation with organochlorine pesticides was strengthened
as waist circumference increased [9,10]; in contrast we did
not find a significant association between waist circum-
ference and organochlorine pesticides in morbidly obese
individuals.

Some associations of POPs and other components of
metabolic syndrome were observed. We found as associ-
ation between elevated organochlorine pesticides and low
HDL-cholesterol. This relation was also observed in a
prospective study of ten top ranked POPs, including
hezachlorobenzene [23]. Furthermore, we found an asso-
ciation between dioxin-like PCBs and diastolic blood
pressure. Organochlorine pesticides have been shown to
increase risk of hypertension in overweight Spanish sub-
jects over a 10-year follow-up period [29]. A study showed
that POPs concentrations in the second and third tertile
were associated with systolic and diastolic blood pressure
in linear regression tests in persons with hypertension,
when adjusted for covariates, while in normotensive per-
sons’ blood pressure was related to the top tertile POPs
concentration [30]. Persistent PCBs with >7 chlorines may
be more predictive than other PCBs [12] but we did not
find this to be the case in the current population (data not
shown).

Inverted U-shaped associations between POPs and
metabolic syndrome have been reported in a number of
studies [10—12]. In obese patients, a previous study found
a U-shaped association between p,p’DDE concentrations
and type 2 diabetes [31]. We did not find U-shaped as-
sociations in the current study. Surprisingly, both dioxin-
like and non-dioxin-like PCBs were inversely (though
very weakly and not statistically significantly) associated
with BML. A dilution effect of very high BMIs on POPs has
been described. A simple model has been suggested that
predicts a negative correlation between organochlorine
pesticides levels and BMI during a period when exposures
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are ongoing, as long as absorption (a) exceeds elimination
rate and (b) is comparable across the population [32].

The finding of inverse relation between concentrations
of non-dioxin-like PCBs and CRP concentrations in men
was unexpected. However, in the present study CRP
concentrations tended to be lower as the number of
metabolic syndrome factors increased (data not shown).
Similar inverse relationships were seen in a cross-
sectional study of non-diabetic participants in the
United States survey [33]. In this study, only organo-
chlorine pesticides were positively associated with CRP
concentrations. Furthermore CRP was associated with
HOMA-IR only in subjects with high POPs, possibly
indicating effect modification by POPs. In a study of
morbidly obese persons who underwent liver biopsy
during bariatric surgery, concentrations of PCB-118 and
other POPs were inversely associated with lobular
inflammation prior to surgery as were alanine amino-
transferase concentrations [34]. These findings together
suggest specific accumulation of POPs to the liver or ad-
ipose tissue with disease progression and suggest
perhaps similar changes in the morbidly obese.

This study has some limitations. First, we did not have
data regarding dietary habits or physical activity that could
affect POPs concentrations. We did not normalize POPs
concentrations for lipid values, though we controlled for
cholesterol concentrations in regression analyses. Such
normalization is controversial [35] and did not change our
main results. Most importantly in a cross-sectional study
we cannot establish causality for the main findings.
Further, we only examined circulating levels of POPs,
which possibly differ from levels in adipose tissue. In
studies of adipose tissue obtained from patients under-
going obesity surgery [13] or other abdominal surgery [36],
visceral adipose tissue had a higher storage capacity than
subcutaneous adipose tissue indicating a possible local
metabolic effect of increased lipolysis and release of free
fatty acids [13,36]. Finally, given the high proportion of
metabolic syndrome odds ratios used in the current study
may overestimate risks.

Conclusion

In morbidly obese persons the odds of metabolic syn-
drome were increased with higher concentrations of
dioxin-like and non-dioxin-like PCBs. Further study would
be required to understand whether these relations are
primarily driven through the association of POPs with HDL
cholesterol, diastolic blood pressure and fasting glucose
levels.
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Background

Excess body fat and its adverse health consequences
appear to be rapidly increasing in prevalence in most areas
of the world. In the wake of the obesity epidemic, car-
diometabolic disorders including metabolic syndrome and
type 2 diabetes have resulted in major public health
challenges [1]. In Norway, more than one-fifth of the adult
population is obese, and the prevalence of abdominal
obesity has increased disproportionately in women [2].

Major causes of obesity include excess energy intake
and physical inactivity, but emerging evidence has linked
environmental toxins, such as persistent organic pollut-
ants (POPs) with the development of obesity, metabolic
syndrome and type 2 diabetes [3]. POPs are lipophilic
chemicals that bioaccumulate in adipose tissue of living
organisms for decades. They are also measurable in serum
and usually vary according to age and gender [4]. Associ-
ations between POPs stored in adipose tissue and circu-
lating blood concentrations may differ according to the
compound and previous exposure [5].

POPs appear to disrupt metabolic regulation, possibly
leading to weight gain [6] and increased risk of metabolic
syndrome [7]. Furthermore, a body of evidence links of POPs
to type 2 diabetes. A meta-analysis that included 72 obser-
vational studies found sufficient evidence for a positive as-
sociation of some POPs and type 2 diabetes, despite studies’
heterogeneity [8]. Furthermore, POPs may contribute to
cardiovascular disease (CVD). The PREDIMED-CANARIAS
cohort study found that people at high risk for CVD
showed a higher level of contamination by POPs [9]. Others
found associations between several POPs and carotid
atherosclerosis [10].

Populations are mainly exposed to POPs through the
consumption of fatty animal food, especially of marine
origin. A study found that the most consistent association
between foods and concentrations of POPs was fish fol-
lowed by dairy and meat, while vegetables, fruit and ce-
reals were rarely related to POPs [11]. These results seem
to indicate that modifying dietary patterns may be useful
to decrease the burden of POPs and potentially the risk of
CVD [9].

Among types of fish, evidence to date points to farmed
Atlantic salmon as a dietary source of some POPs, because
of contaminants in fish feed [12]. Burdens of POPs appear
to be higher in farmed compared to wild salmon;
furthermore farmed salmon from Europe has previously
been shown to be more contaminated than farmed salmon
from South and North America [13]. In recent years
aquaculture feed has been increasingly based on plant oils,
instead of feed of animal origin [14]. On the other hand, a
recent study found lower levels of POPs in farmed
compared to wild salmon [15]. Cooking methods also
affect the concentrations of POPs. For example, cooking of
raw salmon leads to significant loss of lipids and lower
content of POPs per unit of weight [16].

The potential harms of POPs in farmed fish complicate
the relations between eating fish and CVD. Including fish
in the diet has been generally associated with good health

outcomes. Recently a reduced risk of CVD was found
among Mediterranean populations who reported
consuming fish, particularly fatty fish >4 times weekly
versus <2 times weekly [17]. However, a meta-analysis of
14 prospective studies found regional differences in the
relation between fish consumption and all-cause and CVD
mortality; studies conducted in Western countries showed
a U-shaped curve, indicating that large intakes may be
detrimental [18].

Another food often recommended to prevent CVD is
nuts. Studies strongly support a protective association
between nut consumption and CVD [19]. A review of meta-
analyses that appeared in 2018 suggested that nuts may be
associated with lower all-cause mortality and CVD and
coronary heart disease mortality, while there was no as-
sociation between nut consumption and type 2 diabetes
[20]. The PREDIMED dietary trial provided experimental
evidence to support the protective effect of nuts on CVD
[21]. Nuts could be a food alternative to people that either
do not tolerate or dislike fatty fish and would not be ex-
pected to increase POP concentrations, though of course
nut allergy also affects subsets of the population.

Given this background, the primary aim of this study
was to clarify the effects of eating fatty fish (predomi-
nantly salmon and mackerell) or nuts (a mixture of wal-
nuts, hazelnuts and almonds) on concentrations of POPs
that are typically found in fatty fish compared to avoidance
of fatty fish and nuts. We studied overweight and obese
men and women with high risk of developing car-
diometabolic disturbances that may be caused by high
intakes of POPs.

Methods

Men and women aged 35—70 years with body mass index
(BMI) 25—38 kg/m? were recruited through advertisement
in newspapers, through the Facebook page of Oslo.

University Hospital as well as from patient referrals to
the Section of Preventive Cardiology, Department of
Endocrinology, Morbid Obesity and Preventive Medicine,
Oslo University Hospital, Oslo, Norway. The study was
approved by the local Regional Ethics Committee
(Approval number 2015/1930) and conducted according to
the Declaration of Helsinki. All participants provided
written informed consent before any procedures were
performed. The study, with protocol description was
registered at www.clinicaltrials.gov (NCT02589756). The
first participant was included in January 2016 and the
last 6-month follow-up was in October 2017.

Inclusion criteria included 1 component of metabolic
syndrome in addition to waist circumference (>102 cm for
men or >88 cm for women), i.e. blood pressure >130/
85 mmHg or use of antihypertensive medication, fasting
glucose >5.6 mmol/L, HDL cholesterol <1.3 mmol/L for
women or <10 mmol/L for men, or triglycerides
>1.7 mmol/L. Exclusion criteria were cigarette smoking,
diabetes, allergy to or dislike of fish or nuts, chronic dis-
ease including cancer, gastrointestinal disease or CVD,
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morbid obesity (BMI of >38 kg/m? with obesity-related
health conditions or >40 kg/m? alone) and self-reported
weight fluctuations (+/— 5 kg in the last 6 months),
eating disorder, history of bariatric surgery, use of anti-
obesity drugs or other drugs affecting body weight, such
as anty-psychotics or glucocorticoids.

Study design

At the screening visit, medical history and demographic
information were recorded, including educational level
and alcohol consumption and a medical examination was
performed. Participants were also asked to fill out a food
frequency questionnaire (FFQ) as described further below.
Inclusion and exclusion criteria were applied after blood
test results were available (usually on the same day).
Thereafter, participants started with a run-in period of 2
weeks where they were asked not to consume salmon,
mackerel or other fatty fish or nuts to provide a dietary
baseline. Follow-up visits were scheduled at biweekly in-
tervals up to 3 months, and thereafter every 6 weeks up to
6 months, for a maximum of 10 visits in total. Blood
samples, weight, waist and hip circumferences, and blood
pressure were taken at screening, randomization and 6
months. At every visit study food was distributed to par-
ticipants in the fish or nuts groups. Participants were
examined by the medical physician (SD) and were offered
dietary instruction given by the nutritionists. The dietary
instructions were mainly about how to incorporate the
intervention foods in the diet. All participants received a
booklet with recipes according to their study group.

Randomization

Randomization was performed by a stratified sampling
procedure with gender and BMI (grouped as 25 to <30 kg/
m? and 30—38 kg/m?) as the strata. A statistician prepared
a computer-generated random number list. The clinic
study assistant opened numbered and sealed envelopes
consecutively with no exceptions.

Dietary interventions

Participants randomized to the fatty fish group were asked
to consume 4 portions (fillets) of farmed salmon provided
in frozen portions (a total of 500—560 g weekly) and 1 tin
of mackerel in tomato sauce (110 g) weekly. The energy
content of the total amount of fish was ~ 1400 kcal/week.
This group was asked to avoid eating nuts. Fish was pro-
vided free of charge for the 6 months.

Participants randomized to the nuts group were asked
to consume ~ 100 g walnuts, ~50 g hazelnuts and ~50 g
almonds weekly, also providing ~1400 kcal/week. This
recommendation is similar in composition and amount to
the nut-mix used in the PREDIMED intervention study
[21]. Nuts were provided free of charge for the 6 months.

This group was asked to avoid eating fatty fish. However,
lean fish was allowed.

The control group consumed their usual diet, but was
asked to avoid fatty fish and nuts. The control group was
also allowed to eat lean fish. At the end of the project this
group received a gift card of 1200 Norwegian kroner
(approximately 125 euros) as compensation for not
receiving food during the project.

Data collection of dietary intake

Collection of dietary intake was done using the FFQ
developed in conjunction with the Norwegian MoBa study
[22]. Data were collected at screening and at 6 months.
The FFQ at screening reflected the habitual diet the past
year prior to the start of the study, while the FFQ at 6
months reflected the participants’ diet during the study
period of the last 6 months. The FFQ consisted of 255
different food and drink items. The food items were
divided into categories like “bread, crisp bread and
crackers” or “hot meals”, with following suitable sub-
categories to specify details on each particular food.
Drinks, desserts and snacks were mapped in the same
manner as other food items in the attempt to include all
sources of energy. The frequency of the reported food
items was given in either number per day, number per
week or number per month, with the possibility to mark
only 1 of the 3 frequency intervals. Portion sizes were
given for units of bread (slices), liquids (cups/glasses) and
fruit. In cases where they were not given, consumption
frequencies were converted into food amounts (g/day) by
considering standard Norwegian portion sizes for men and
for women.

The participants were given instructions on how to fill
out the form and to consider seasonal food such as for
Christmas or summer, as a mean throughout the year. Food
items consumed less than 6 or 12 times a year (in the
screening or end of study FFQ, respectively) were not
queried.

The FFQs were examined by trained nutritionists in
order to ensure accuracy as far as possible. Corrections
were made in collaboration with each individual partici-
pant. Data on food items and nutrient consumption were
calculated using FoodCalc [23] and the Norwegian food
composition table from 2003 [24]. The calculations were
performed in the programs originally developed for this
FFQ at Norwegian Institute of Public Health.

Checks of compliance with assigned foods were done at
each visit by the dietitian/responsible physician by direct
query as to whether all of the assigned food had been
consumed. Participants in the group assigned to fatty fish
reported full compliance with the assigned weekly
amounts with the exception of 2 participants. One of these
participants consumed 1 portion less weekly than the 4
weekly assigned portions due to prestudy established
nausea and esophageal reflux while the other participant
reported a pause of 2 weeks in fish intake during a
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vacation after the 3-month visit but compensated for this
hiatus by consuming the assigned amount of fatty fish for
2 extra weeks at the end of the study (total study duration
for this participant was 6.5 months). After considering
these deviations, the amount of consumed salmon and
mackerell consumed by the fatty fish group was estimated
at ~90 g/day (~630 g/week).

Participants in the group assigned to nut consumption
also reported full compliance during the study period with
the exception of one participant who reported consuming
~60% of the assigned nuts between visit 8 and 9. The
amount of ingested nuts was estimated at ~30 g/day in
the nuts group.

Clinical and laboratory procedures

Body weight was measured using the same calibrated
digital scale to the nearest 0.1 kg. Waist circumference was
measured at the approximate midpoint between the lower
margin of the last palpable rib and the top of the iliac
crest. Hip circumference was measured at the widest
portion of the buttocks. Blood pressure was measured
using the Omron 705IT (Omron HEALTHCARE, Kyoto,
Japan) after the participant rested quietly in a sitting po-
sition for at least 5 min alone in a quiet room. The mean of
3 measurements spaced 1 min apart was calculated at
screening, randomization, and 3 month and 6 month
visits.

Blood samples were obtained following a minimum of
a 10-hour fast. Analyses of blood samples were per-
formed at Oslo University Hospital Clinical Chemistry
Laboratory/Ullevdl. Lipids were measured using enzy-
matic colorimetric methods, while apolipoprotein B was
determined using an immunoturbidimetric method.
Serum glucose was measured using hexokinase. HbA1lc
was measured using ion-exchange quantitative high
performance liquid chromatography. C-reactive protein
(CRP) was determined with a particle enhanced turbidi-
metric assay. C-peptide and insulin concentrations were
analyzed at the hormone laboratory of OUS/AKer, using a
non-competitive electro-chemiluminescence immuno-
assay (ECLIA) (Modular E170 Cobas e601 kit Roche Di-
agnostics). The Homeostasis Model Assessment insulin
resistance index (HOMA-IR) was calculated to estimate
insulin resistance [25].

To further estimate insulin sensitivity a euglycemic
hyperinsulinemic clamp was performed at the Diabetes
Research Laboratory at Oslo University Hospital Aker in a
subset of participants, 10 subjects in the control and 10
patients in the fatty fish group at randomization and 6
months. The hyperinsulinemic euglycemic clamp was
performed after an overnight fast. A fixed dose of insulin
40 mU/m?/min~! was infused, and glucose 200 mg/mL
was adjusted to maintain plasma glucose levels at
5.0 mmol/L for 150 min (euglycemia). Insulin sensitivity
was reported as glucose infusion rate during the last
30 min of the clamp. Prior to the clamp, weight and fat-
free mass were measured with a Tanita Body Composi-
tion Analyzer BC-418MA (Tokyo, Japan).

Assessment of circulating POPs concentrations

POPs were measured in 200 pl of serum at the National
Institute for Health and Welfare, Kuopio, Finland. The
following POPs were measured: polybrominated dipheny-
lethers (PBDEs) 47, 99 and 153; polychlorinated biphenyls
(PCBs) including dioxin-like (118, 156) and non-dioxin-like
(74, 99, 138, 153, 170, 180, 183, 187) compounds; and
organochlorine pesticides including dichlorodiphenyltri-
chloroethane (p,p’DDT), dichlorodiphenyldichloroethylene
(p,p’'DDE), hexachlorocyclohexanes («-HCH, B-HCH, y-
HCH), pentachlorobenzene (PeCB), hexachlorobenzene,
trans-nonachlor, and oxychlordane. The detection rate for
PeCB, a-HCH, y-HCH, oxychlordane and all PBDEs was <75%
thus, these analytes were excluded from further statistical
analyses.

A full description of the analytical method has been
published previously [26]. Limits of quantification for POPs
were 5—40 pg/ml. In each batch of samples a control
serum sample from the National Institute of Standard and
Technology, Standard Reference Material (SRM) 1958 for
POPs was included (n = 13). An in-house produced low
level control sample was prepared by 1-9 dilution of SRM
1958 with new born calf serum (NBCS) and also included
in each batch of samples (n = 13). Average concentrations
for POPs from SRM 1958 were 87—111% of the certified/
indicative concentrations. Coefficients of variation (CVs)
were 1.4—4.4% for SRM 1958 and 1.8—8.9% for diluted SRM
1958. The Environmental Health Unit participates to AMAP
inter laboratory comparison (Ring Test for Persistent
Organic Pollutants in human serum, National Institute of
Public Health, Quebec, Canada) where 16 of the target
POPs from 3 serum samples are reported for each round.
During the last 2 years results from all samples for all POPs
have been acceptable (|z|<2). Accuracy of the results for
individual compounds from individual samples varied
from 77—121% of the assigned values.

Assessment of POPs in fish samples

Four samples of farmed salmon from the producers sup-
pling the fish in the study were analyzed at the National
Institute for Health and Welfare, Kuopio, Finland for POPs
content utilizing the same method used for serum
samples.

Outcome measures

The primary outcome endpoint was changes in concen-
trations of POPs including organochlorinated pesticides (5
compounds), dioxin-like PCBs (2 compounds) and non-
dioxin-like PCBs (8 compounds). Secondary outcomes
were changes in weight, BMI, waist circumference, blood
pressure and heart rate, and other cardiometabolic risk
factors including concentrations of total cholesterol, HDL-
and LDL-cholesterol, triglycerides, apolipoprotein B,
glucose and HbA1c as well as C-reactive protein, insulin
and C-peptide, HOMA-IR and clamp.
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Statistical analysis

Power calculation was attempted, however, given the lack
of previous data was exploratory. Differences in hexa-
chlorobenzene (HCB) between the highest and lowest
tertile were about 3-fold in the Nurses’ Health Study, while
differences in total polychlorinated biphenyls (PCBs) be-
tween the highest and lower tertile were about 4-fold [27].
Another study showed about a doubling of levels between
the highest and lowest quartiles [28]. In a 6-month period
a possibly clinically relevant change in POPs may be a
15—20% increase — this is also the difference in PCBs be-
tween representative and high consumers in Norway [29].
Based on the median HCB level in the Nurses’ Health Study
[27] of about 30 ng/g lipids, a difference of a mean of
36 ng/g lipids between groups with a standard deviation of
about 9 ng/g lipids would require 36 participants in each
group, with power set at 80% and alpha set at 5%. Our
intention was to include 40 participants in each group to
allow for dropouts for a total of 120 participants. 1
participant in the nut group had B-HCH and p,p’DDE
values that were outliers (4228, 7071 pg/ml, respectively).
These values were removed but no substantial changes
were seen in results after this exclusion.

Analyses followed the intent-to-treat principle with the
last value carried forward for dropouts, with additional
complementary analyses of the per protocol population.
These analyses did not differ substantially, and the intent-
to-treat analyses are presented. Independent Student’s t-
test was performed comparing fatty fish group and nut
group with controls. Variables that were not normally
distributed were presented as median and 25th and 75th
percentile and changes were analyzed using the
Mann—Whitney test. Data was analyzed using IBM SPSS

Statistics for Windows version 21 (SPSS Inc., Chicago, IL).
The significance level was set at p < 0.05.

Results

Of the total of 131 participants (56 men and 75 women)
randomized, 120 completed the study (Fig. 1). Age ranged
between 37 and 69 years, and BMI ranged between 25.5
and 38.2 kg/m?. Screening characteristics, medication use
and laboratory analyses are presented in Table 1. Anti-
hypertensive medications were adjusted by the study
physician or the participant’s general practitioner during
the study in 12 participants. Of these, 4 participants
changed dosage (3 increased dosage - 1 in the nut group, 2
in the control group) and 1 participant in the fatty fish
group reduced dosage. Two stopped medication (1 in the
fatty fish group and 1 in the nut group). One participant in
the fatty fish group started medication and 5 changed type
of anti-hypertensive treatment (3 in the nut and 2 in the
control groups, respectively). In addition, 1 participant in
the control group started statin treatment.

Weight, BMI, waist and hip circumferences, systolic and
diastolic blood pressure and heart rate remained un-
changed and did not differ between the 3 groups (Table 2).
Among cardiometabolic risk markers only HDL-cholesterol
increased in fatty fish group in comparison to controls
(+0.1 mmol/L, CI (0.05—0.2), p = 0.005). Other markers,
including insulin, HOMA-IR index and c-peptide did not
differ between groups. Change in glucose infusion rate did
not differ between fatty fish group and controls (p = 0.7,
data not shown).

Table 3 shows dietary intakes at screening and 6
months. In the group assigned to fatty fish, the energy
percentage from protein increased while percentages from

175 screened

44 excluded

- 31 did not meet inclusion criteria
- 13 declined to participate

131 randomized

45 randomized to fatty fish group

42 randomized to nuts group

44 randomized to control group

43 completed 3 months of intervention
2 lost to follow-up (compliance problem)

|

37 completed 3 months of intervention

44 completed 3 months of intervention

5 lost to follow-up (compliance problem)

41 completed 6 months of intervention
2 lost to follow-up (other health issues)

J

35 completed 6 months of intervention
2 lost to follow-up (1 compliance

44 completed 6 months of intervention

problem, 1 other health issues)

Figure 1 Consolidated Standards of Reporting Trials (CONSORT) flow diagram for participants’ allocation into study arms.
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Table 1 Screening characteristics. Mean (SD) values or percentages are shown, except for alcohol consumption, shown as median (25th, 75th

percentile).
Fatty fish diet Nuts diet Controls
(n = 45) (n = 42) (n = 44)

Females, n (%) 26 (57.8) 24 (57.1) 25 (56.8)
Age, years 55.9 (6.6) 58.0 (5.2) 55.0 (6.9)
Education attained

Primary school, n (%) 1(2.2) — 1(2.3)

High school, n (%) 17 (37.8) 9(21.4) 11 (25.0)

University, n (%) 27 (60.0) 33 (78.6) 32 (72.7)
Alcohol consumption (units/week) 2(0,5) 3(1,7) 3(0,5)
Body weight, kg 94.7 (13.4) 94.4 (13.5) 92.9(15.1)
BMI, kg/m? 31.1 (2.8) 31.7 (3.1) 31.2 (2.9)
Waist circumference males, cm 116 (10) 114 (9) 112 (7)
Waist circumference females, cm 108 (8) 109 (7) 108 (8)
Systolic blood pressure, mmHg 136 (15) 137 (13) 134 (13)
Diastolic blood pressure, mmHg 85 (10) 86 (9) 83 (7)
Heart rate/minute 68 (9) 70 (9) 66 (9)
Medications
Use of antiplatelet agents, n (%) 6(13.3) 5(11.9) 3(6.8)
Use of antihypertensives, n (%) 18 (40.0) 20 (47.6) 15 (34.1)
Use of lipid lowering drugs, n (%) 9 (20.0) 7 (16.7) 7 (15.9)
Laboratory values, fasting
Total cholesterol, mmol/L 5.5 (1.1) 5.6 (1.1) 5.7 (1.2)
HDL-cholesterol, mmol/L 1.4 (0.3) 1.5 (0.4) 1.5 (0.4)
LDL-cholesterol, mmol/L 3.7 (0.9) 3.7 (1.0) 3.8 (1.1)
Triglycerides, mmol/L 1.5 (0.8) 1.4 (0.6) 1.5 (1.0)
Glucose, mmol/L 5.7 (0.5) 5.6 (0.5) 5.8 (0.7)
Metabolic syndrome, n (%) 31 (69) 19 (45) 22 (50)

carbohydrates and fat decreased in the fatty fish group
compared to controls (Table 3). On the other hand, the
energy percentages of total, mono- and polyunsaturated
fat increased and the energy percentage from carbohy-
drates decreased in the group assigned to nuts compared
to controls.

Neither of the intervention groups showed significant
difference in the circulating concentrations of selected
POPs (organochlorine pesticides including HCB, B-HCH,
trans-nonachlor p,p’DDT, p,p’DDE, dioxin-like PCBs (118,
156) and non-dioxin-like PCBs (74, 99, 138, 153, 170, 180,
183, 187)) compared to controls after 6 months (Table 4).

Analyses of POPs concentrations in fish samples are
presented in Table 5.

Discussion

This randomized controlled clinical trial found no change
in circulating concentrations of 15 POPs during 6 months
of high dietary intakes of fatty fish compared to avoidance
of fatty fish in the diet among persons at risk of car-
diometabolic disorders. In addition to comparison with a
control group avoiding fatty fish, we included a group
consuming nuts and avoiding fatty fish. Likewise no dif-
ferences were found between the group consuming fatty
fish compared to nuts group (data not shown). Car-
diometabolic risk markers did not change in the groups
consuming fatty fish or nuts compared to the group asked
to avoid both food groups, with the exception of concen-
trations of HDL-cholesterol that increased in the group
consuming fatty fish.

The study used a randomized controlled design to avoid
bias and a randomization procedure with stratification for
gender and BMI. Participants were approximately equally
divided according to gender and selected in regard to the
presence of overweight or obesity and at least 1 other
cardiometabolic risk factor. They thus represented a sam-
ple of the population most likely to show possible car-
diometabolic risks of eating fatty fish. During the trial
there was a low level of dropouts overall (8%). Further-
more, participants showed good compliance with the
assigned dietary group, as shown by compliance checks at
each visit and the FFQ results.

We are unaware of any published similar randomized
interventional studies that explored POPs concentrations
in overweight and obese individuals in regard to fatty fish
intakes. However, these types of studies may not be ideal
to study the effect of diet on POPs as the main factor
determining changes in serum concentrations of POPs
during a relative short period of 6 months would be the
dynamics of POPs storage and release. While body weight
was carefully monitored and stayed stable, a number of
factors may influence these dynamics mostly over longer
periods of time.

The POPs that we measured are classified as organo-
chlorine pesticides and dioxin-like and non-dioxin-like
PCBs. These POPs have been connected to cardiometabolic
disturbances both in cross-sectional and prospective
studies [30]. We recently published a cross-sectional study
showing that high concentrations of the same organo-
chlorine pesticides and dioxin-like and non-dioxin-like
PCBs, as measured in the current study, more than
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Table 2 Changes in clinical characteristics and cardiometabolic markers between baseline and six months. Mean (SD) values are shown, except
for C-reactive protein, insulin and c-peptide concentrations for which median (25th, 75th percentile) values are shown.

Fatty fish diet Nuts diet Controls
(n = 45) (n = 42) (n = 44)
Baseline 6 months®  Change p° Baseline 6 months®  Change p° Cliterige
Weight, kg 95.0 (13.9) 94.7 (14.4) -0.3 (3.3) 04 943 (14.1) 94.8 (14.1) 0 4(2.6) 0.7 02(24)
BMI, kg/m? 31.1(2.8) 31.0 (3.2) ~01(1.0) 04 315(28) 31.7(2.9) 2 (1.0) 05 0.1(0.8)
WC% male,cm 116 (9) 116 (10) 0.5 (3.2) 0.9 114 (9) 115 (6) 0 9(3.2) 0.7 0.4 (4.0)
WC female,cm 108 (8) 110 (9) 0.5 (3.4) 0.6 109 (8) 109 (9) 1.0 (4.0) 04 —0.1(45)
SBP, mmHg 133 (12) 130 (12) —4(11) 1.0 135 (14) 131 (16) —4(9) 10 -4(14)
DBP, mmHg 83 (7) 81 (7) -1(7) 0.8 85 (9) 83 (10) -2 (5) 1.0 -2(6)
Heart rate/min 68 (10) 67 (10) -1(7) 04 71 (11) 71 (8) 0(8) 0.8 0(8)
Cardiometabolic markers
Total cholesterol 5.3 (1.0) 54 (1.1) 0.0 (0.5) 0.01 5.5 (1.0) 5.5 (1.1) 0.0 (0.5) 01 -03(05)
mmol/L
HDL-cholesterol, 1.4 (0.3) 1.5 (0.4) 0.1(0.2) 0.005 1.5 (0.3) 1.5 (0.4) 0.0 (0.1) 0.7 0.0(02)
mmol/L
LDL-cholesterol, 3.5 (0.8) 3.4 (0.9) —-0.1(0.5) 0.3 3.7 (0.9) 3.7 (0.9) 0.0 (0.5) 0.06 -0.2(0.4)
mmol/L
Triglycerides, 1.6 (1.1) 1.5 (1.5) ~01(07) 07 1.5 (0.6) 1.6 (0.8) 0.1 (0.5) 02 -0.1(0.6)
mmol/L
Apolipoprotein 1.1 (0.2) 1.1 (0.2) 0.0 (0.1) 0.1 1.1 (0.2) 1.1 (0.3) 0.0 (0.2) 02 0.0(02)
B, g/L
Glucose 5.6 (0.5) 5.6 (0.4) 0.0 (0.4) 0.3 5.7 (0.4) 5.8 (0.5) 0.1 (0.4) 0.8 0.1(04)
mmol/L
HbAlc, % 5.3 (0.3) 5.6 (0.4) 0.0 (0.1) 0.1 5.3(0.3) 5.3 (0.4) 0.0 (0.2) 0.6 0.0(0.2)
C-reactive 1.7 1.6 0.0 0.3 1.6 24 0.0 0.3 04
protein, mg/L  (0.8—3.8) (0.7-3.8) (~0.5-0.4) (1.0-3.5)  (0.9-4.9) (~0.4-0.9) (-0.1-0.9)
Insulin, pmol/L° 68 (51, 114) 85 (58,127) 8(-15,25) 0.7 75 (55,95) 83 (62, 116) 4 (-22,21) 09 3(-13,21)
C-peptide, 887 990 91 0.08 893 959 25(-133,188) 0.6 4(-88,93)
pmol/L (665, 1173) (847, 1243) (50, 222) (807, 1052) (802, 1209)
HOMA-IR index 1.8 (0.9) 1.8 (1.4) 0.0 (1.1) 0.7 1.9 (0.8) 1.8 (1.0) —-0.1(0.7) 0.8 0.0(0.8)

2 Values for 6 and 5 participants, respectively, were carried forward from baseline in the fish and nut groups.

b T_test compared each of fish and nut groups to controls.

¢ Insulin and c-peptide values (5 missing in fatty fish group, 8 missing in nuts group, 2 missing in controls) Non-parametric Mann—Whitney
test compared each of fish and nut groups with controls.

4 WC waist circumference.

Table 3 Changes in dietary intake between baseline and six months. Mean (SD) values are shown.

Fatty fish diet Nuts diet Controls
(n = 36) (n = 30) (n = 37)
Baseline 6 months Change P? Baseline 6 months® Change pP? Cliiztgz

Study foods

Fatty fish, g/day 31.6(20.2) 904 (4.3) 58.7(19.5) <0.001 33.4(31.7) 1.0(2.7) —324(32.1) 0.8 —30.4 (20.7)

Nuts, g/day 9.6 (14.1) 0.0 (0.2) -9.6 (14.1) 0.1 6.9 (7.6) 30.0 (-) 23.1(7.6) <0.001 -5.2(7.5)

Macronutrients

Energy, k]/day 8866 (2830) 8040 (2334) —625(2108) 0.5 8872 (2477) 8598 (1998) —275(2149) 0.9 —331 (1745)

Energy, kcal/day 2057 (666) 1914 (556) —143(492) 0.5 2110 (588) 2047 (474) -63(511) 0.9 —76 (415)

Protein, E% 16.3 (1.9) 18.3 (1.9) 2.0 (2.0) <0.001 17.0(2.3) 16.9 (2.2) -0.1 (2.2) 0.6 0.2 (2.1)

Carbohydrates, E%  44.3 (7.4) 42.5 (6.9) —1.7 (4.6) <0.001 46.0(5.3) 42.5(7.2) —3.5(5.3) <0.0001 2.6 (4.7)

Fat, E% 36.6 (6.6) 36.2 (5.1) —0.4 (4.7) 0.008 33.4(4.1) 37.0 (5.5) 3.6 (5.1) <0.0001 —3.3(4.6)
Saturated fat, E» 13.1 (2.0) 12.7 (2.2) —0.6 (1.8) 04 12.1 (2.2) 11.7 (2.2) -03(2.3) 0.5 0.0 (1.8)
Monounsaturated 13.1 (3.4) 12.1 (2.1) -1.0 (2.4) 0.1 11.7 (1.7) 13.9 (2.4) 2.2 (2.3) <0.0001 -1.9(2.7)
fat, E%

Polyunsaturated 6.7 (1.9) 6.4 (1.6) -0.3(1.9) 0.054 6.1(1.1) 7.9 (1.4) 1.9(1.1) <0.0001 -1.0(1.3)
fat, E%
Alcohol, E% 2.8 (3.3) 2.7 (3.8) -0.1 (2.2) 0.3 3.5(3.0) 3.3 (2.9) -0.2 (1.8) 0.2 04 (2.1)
Fiber, E% 2.8 (0.6) 2.7 (0.7) —0.1 (0.5) 04 2.8 (0.6) 2.9 (0.6) 0.1 (0.5) 0.6 0.0 (0.8)

4 T-test used to compare each of fatty fish or nut diets versus controls.
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Table 4 Changes in POPs between baseline and six months. Mean (SD) values are shown, for change mean (CI) values are shown.

Fatty fish diet Nuts diet Controls

(n = 45) (n = 42) (n = 44)

Baseline 6 months® Change Baseline 6 months*® Change Clitergs
Organochlorinated compounds (pg/ml)
HCB 88.4(339) 87.2(328) -1.2(-54-3.1) 90.6 (32.3) 89.5(325) -1.0(-43-22) -35(-74-04)
B-HCH 16.6 (12.6) 16.4(11.0) -0.2(-1.5-1.0) 274 (46.1) 26.7 (43.1) -0.7(-25-1.1) -13(-2.4-0.1)
trans-Nonachlor 42.5 (26.5) 40.6 (26.1) -1.9(-4.8—1,0) 489 (38.6) 494 (383) 0.5(-3.6—4.7) -3.2(-6.2-0.2)
p,p’DDT 8.2 (1.3) 8.2 (1.0) 0.0 (-0.6-0.5) 10.2 (7.8) 9.9 (7.0) -03(-0.8-0.2) -0.5(-1.1-0.1)
p,p’'DDE 4439 (394.1) 414.2 (372.0) —29.8 (—73.6—14.0) 463.8 (298.5) 476.8 (324.9) 13.0 (—15.7—41.6) —16.9 (—43.9—10.1)
Dioxin-like polychlorinated biphenyls (pg/ml)
PCB-118 50.1(35.1) 46.6(31.6) —3.5(-9.0-2.0) 53.1(30.3) 52.8(30.1) -03(-2.5-19) -1.8(-4.6-1.1)
PCB-156 36.1 (17.9) 34.7(18.0) -1.4(-3.9-1.2) 37.1(17.5) 38.2(183) 1.1(-1.9-4.1) -1.2 (-3.4-1.0)
Nondioxin-like polychlorinated biphenyls (pg/ml)
PCB-74 194 (13.1) 19.0(13.4) -04(-2.1-1.3) 19.9(149) 19.6(147) -03(-13-0.7) -0.8(-1.8-0.1)
PCB-99 23.8(16.8) 22.7(15.6) —1.1(-2.7-0.5) 28.2(209) 28.1(21.0) -0.1(-1.7-14) -1.1(-2.3-0.1)
PCB-138 167.3(90.3) 159.4 (849) -8.0(-203—44) 177.8(89.7) 179.9(91.8) 2.1(-10.7-15.0) -6.0(-15.1-3.0)
PCB-153 294.7 (148.0) 280.7 (142.1) —14.0 (34.5-6.4) 305.6 (139.1) 313.1 (145.7) 7.5(-15.2-30.2) —-8.9(-25.7-7.9)
PCB-170 1034 (51.0) 98.9(50.7) —4.5(-11.6—2.6) 102.1(45.9) 105.2(49.1) 3.1(5.2-11.4) —3.2(-8.9-25)
PCB-180 234.6 (113.0) 225.0 (113.2) —9.7 (—24.6—5.2) 236.0 (106.0) 242.8 (114.4) 6.8 (—-11.8—25.3) -6.1(-19.0—6.7)
PCB-183 17.4 (103) 16.4(94) -1.0 (-2.4-0.5) 18.5(10.1) 18.9(10.7) 0.4(-1.0-1.8) —0.8 (-1.8-0.3)
PCB-187 60.2 (32.0) 579(31.7) -23(-7.0-2.3) 62.1(28.2) 62.7(29.2) 0.6 (—3.8-5.0) —2.0 (-5.5-1.6)

HCB =Hexachlorobenzene, HCH-beta = B-hexachlorocyclohexane, p,p’'DDT = dichlorodiphenyltrichloroethane, p,p’DDE = Dichlorodiphenyldi-

chloroethylene, PCB = polychlorinated biphenyl.

2 Values for 4 and 6 participants in the fish and nut groups, respectively, were carried forward from baseline.

double the odds ratio for metabolic syndrome in obese
people [31].

POPs have been associated with a range of car-
diometabolic risk factors in particular insulin-resistance
and related disorders [32]. We previously showed associ-
ations between POPs and cardiometabolic risk factors [31],
giving the background for conducting the present study.
However, a cross-sectional study conducted among Inuits
living in Greenland found that POPs may adversely affect
insulin secretion [33], giving support to the notion that
POPs may be more prominent in the development of beta-
cell dysfunction-type diabetes rather than the insulin-
resistance type [34]. Insulin secretion was not studied in
the current trial. While most studies did not identify a
specific compound, in one study p,p’DDE concentrations

Table 5 POPs concentrations in fatty fish samples (n = 4). Mean
(range) values are shown.

Organochlorinated pesticides (pg/g)

HCB 781 (386—1034)
B-HCH 65 (25—87)
trans-Nonachlor 485 (220—656)
p,p’'DDT 390 (240—-543)
p,p’'DDE 1926 (855—2632)
Dioxin-like polychlorinated biphenyls (pg/g)
PCB-118 354 (155—474)
PCB-156 38 (14—52)
Nondioxin-like polychlorinated biphenyls (pg/g)
PCB-74 63 (27—84)
PCB-99 263 (108—362)
PCB-138 736 (313—981)
PCB-153 917 (387—1273)
PCB-170 108 (40—178)
PCB-180 237 (92—377)
PCB-183 67 (25—113)
PCB-187 284 (117—445)

were elevated in patients with diabetes [35]. In the current
study we did not find changes in HOMA-IR index or in the
glucose infusion rate between participants in the fatty fish
group versus controls, however, only 10 individuals from
each group underwent the clamp procedure.

In contrast to the putative detrimental effects of POPs
on cardiometabolic risks, fish oils (or fatty fish) may
improve cardiometabolic risk factors. In line with our
observation of an increase in HDL-cholesterol in the fatty
fish group, systematic review and meta-analysis concluded
that consuming fish improved HDL-cholesterol and tri-
glyceride levels [36]. A study conducted in volunteers with
impaired glucose metabolism found that fatty fish
increased HDL particle diameter and concentrations of
lipid components in HDL, possibly boosting the anti-
atherogenic properties of HDL [37]. Also, another study
found that fresh fish was superior to omega-3 supple-
ments in increasing HDL-cholesterol and positively modi-
fying lipid profiles [38]. It is possible that increase in HDL-
cholesterol in the fatty fish compared to the group
consuming nuts reflects the lack of fatty fish in the diet of
the group consuming nuts. We did not find a reduction in
triglyceride concentrations in the fatty fish group, perhaps
because participants’ baseline levels were only mildly
elevated.

Uncertainty remains regarding the associations be-
tween fish, n-3 fatty acids and their effects on CVD. If POPs
and other pollutants may impair the nutritional benefits of
fish [39] using fish oil supplements may be an alternative.
A recent meta-analysis attributed the benefits of eating
fatty fish as being due to their n-3 fatty acid content [40].
However, it appears that evidence of benefits from n-3
fatty acids supplementation has diminished over time,
possibly due to better pharmacological prevention and
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treatment of patients with CVD [41]. The type of n-3 fatty
acid may play a role. A recent study showed that ingestion
of a total of 4 g eicosapentaenoic acid daily in individuals
with elevated triglyceride levels lowered cardiovascular
death compared with placebo, despite use of statins by all
participants [42]. Generally, the majority of dietary factors
that may reduce CVD are food groups, rather than isolated
nutrients [43], both because of the balance of micro-
nutrients and other substances in foods and substitution of
good foods for other, less healthy choices. There is evi-
dence that lean fish could also play a protective role due to
other useful nutrients [40].

We found no increase in POPs in the nuts group
compared to controls in the current study. A previously
cited meta-analysis confirms multiple observations that nut
consumption may lower all-cause mortality and CVD [20]. A
review from 2018 based on cohort and interventional trials
indicates that some nutrients that are richly found in nuts
such as r-arginine, some minerals, phytosterols and unsat-
urated fatty acids could be linked to beneficial health effects
of nuts [44]. For example, a review of meta-analyses found
that nuts lowered LDL cholesterol [20], a finding that did
not attain statistical significance in the current study. A
randomized crossover trial found that both fatty fish and
walnuts lowered cholesterol and triglyceride concentrations
in normal to mildly hyperlipidemic individuals [45]. How-
ever, one study showed that nuts and seeds could be rich in
PCBs, while other contaminants typical for animal foods are
not present in nuts in significant concentrations [46]. An
interventional study that compared a hypocaloric vege-
tarian and conventional diet did not find any reduction in
concentrations of POPs in the vegetarian group, compared
to conventional diet, possibly due to mobilization of fat
stores in response to a decreased calorie intake [47].

Limitations

While the short study period may not be optimal to show
changes in serum POPs concentrations, some smaller
studies have found changes in serum POPs after short
times of follow-up. For example one study reported
reduction of POPs after 2 months of vitamin C supple-
mentation [48] and likewise reductions were reported
after one year of supplementation with olestra [49]. The
validity of such studies is not clear.

A further limitation relates to possible recall bias while
filling out the FFQ, as the FFQ covered a year at inclusion
and the past 6 months at the end of the study. Notably, the
food composition of salmon has been changed from
marine-based diet in the early 1990s to a 70% plant based
diet at present and that resulted in n-3 fatty acid content of
the fish [50]. Contaminants like polycyclic aromatic hydro-
carbons (PAHs), which are omnipresent in vegetable oils,
are used in aquaculture today [51]. Some findings indicate
that development in feed formulations may reduce tradi-
tional POPs in salmon, but may increase others, such as
PAHs, normally not connected to salmon [52], however, PAH
concentrations were not analyzed in the current trial. We
did not analyze the content of POPs in the nuts used.

We did not analyze body adipose tissue samples for
changes in contamination by POPs. In a previous small and
nonrandomized study consumption of 380 g of farmed
salmon weekly did not increase concentrations of HCB,
p,p’DDE, sum of PCBs in plasma or adipose tissue samples
indicating that steady-state levels of POPs were not
affected by fatty fish consumption [53].

In the current study protein intakes unavoidably
increased modestly in the fatty fish group. A recent study
conducted in mice found that the accumulation of POPs in
adipose tissue and liver was affected by macronutrient
intake, and not the total intake of POPs [54]. A high-fat and
high-protein diet resulted in lower deposition of POPs in
the adipose tissue and liver than did a low-fat and high-
carbohydrate diet. These findings may suggest the impor-
tance of controlling macronutrients in dietary studies of
POPs. Absolute contents of POPs in diet are not critical in
determining the body burden.

Finally, as discussed recently [34] there are disadvan-
tages to RCTs in the study of effects of diet on serum POP
concentrations due to fluctuations and non-linear re-
sponses. However, an observational study that aimed to
study whether fatty fish increased serum POP concentra-
tions would need to elicit dietary data from food frequency
questionnaires and more or less reliable data on the con-
tent of POPs in the diet as measured many years earlier
could be fraught with limitations [34].

Comparisons of POPs content of salmon

We compared results of our analyses of POPs in fish
samples from manufacturers who provided fish in the
present study (Table 5) to values published by the Nor-
wegian Institute of Marine Research [55]. We found similar
values for HCB (mean, 0.78 ug/kg compared to 0.95 p/kg,
respectively), while f-HCH (mean 0.06 ug/kg compared to
0.16 ug/kg) and p,p’DDT (mean 0.4 pg/kg compared to
5.70 pg/kg) values were lower in the fish samples. Ana-
lyses for other POPs were not available [55].

Conclusion

Our main findings did not show changes in circulating POP
concentrations in persons with overweight or obesity and
at least 1 metabolic risk factor after 6 months of eating
high amounts of fatty fish (>600 g/week) or nuts
compared to avoiding fatty fish and nuts. In addition,
intake of fatty fish or nuts was not associated with
improved cardiometabolic risks.
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