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1 | INTRODUCTION

Sohvi Lommit*® |
Heli Viljakainen®

Elina Engberg!” @ |

Summary

Background: The incidences of both paediatric obesity and autoimmune diseases
have been increasing, but their relationship with one another is unclear.

Objective: To determine whether obesity or particular dietary patterns in school-
aged children are potential risk factors for autoimmune diseases during adolescence.
Methods: This matched case-control study included 525 children, followed up from
a median age of 11.3 to 16.7 years. Of them, 105 children received primary autoim-
mune diagnoses (diabetes, thyroiditis, arthritis, or inflammatory bowel diseases) after
baseline and generated the case group. Four children with matching age, sex, and res-
idential area generated the control group of 420 children. At baseline, age- and
sex-specific body mass index categories were acquired and waist-to-height ratio
(WHTR) was calculated. Central obesity was present when WHTR =0.5. Dietary pat-
terns were analysed using a food frequency questionnaire (FFQ).

Results: School-aged children with central obesity were 2.11 (OR, 95% Cl 1.11-3.98)
times more likely to develop autoimmune diseases before age of 19 years than those
without central obesity. Being overweight was not related to the onset of these
diseases (OR 1.60, 95% Cl 0.89-2.87, nor were dietary patterns.

Conclusion: Central obesity in school-aged children was related to the development

of autoimmune diseases, while being overweight and dietary patterns were not.

KEYWORDS

autoimmune thyroiditis (AIT), dietary patterns, eating habits, inflammatory bowel diseases
(IBD), juvenile idiopathic arthritis (JIA), type 1 diabetes (DM)

autoimmune thyroiditis (AIT), juvenile idiopathic arthritis (JIA), and

inflammatory bowel diseases (IBD). These diseases were chosen due

Autoimmune diseases are a group of complex immunological disor-
ders, in which the immune system erroneously interprets normal tis-
sues as foreign, generating unwanted attacks, and inflammations in
different organs. This study focuses on four autoimmune diseases
with partially to represent autoimmune diseases in individuals
between the age of 11 and 19 years in general: type 1 diabetes (DM),

to their potentially overlapping genetic pathways. In addition, their
pathogeneses resemble each other, showing T-cell organ infiltrations
with intermittent inflammations, yet without specific triggering fac-
tors. Pancreatic T-cell infiltration leads to depleted insulin secretion,
hyperglycaemia, and eventually DM; thyroid gland infiltration leads to

reduced thyroid hormone function and hypothyroidism seen in AlT;
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synovial membrane infiltration leads to joint inflammation and JIA;
and gut mucosa infiltration leads to chronic autoimmune inflamma-
tions of the gastrointestinal tract seen in IBD.*~¢

In recent decades, the numbers of both autoimmune diseases and
obesity have been increasing.”® This has led researchers to wonder about
their potential relationship, especially when obesity is seen as a continu-
ous state of chronic low-grade inflammation and has been associated
with high disease activity in several autoimmune diseases.”*° While obe-
sity may be related to the onset of hypothyroidism,*! its role in the patho-
genesis of DM, JIA, and IBD is still unclear.

‘Western type’ diet (with high fat, protein, sugar, and salt intake),
when compared with more fibre-rich diet, might be associated with
inflammation-related mechanisms in autoimmune diseases.?%*2 This find-
ing is supported by previous studies, indicating an inflammatory role of a
particular diet, and relating consumption of pro-inflammatory foods with
disease activities of autoimmune diseases.’* "¢ Furthermore, long-term
dietary patterns have been shown to modify gut microbiota to a certain
degree and, as a result, may contribute to the inflammation pro-
cesses. 1”8 So far, most studies associating diet and autoimmune diseases
have involved adults in a retrospective setting, or concerned the impact
of diet on disease activities. Prospective studies to determine the relation-
ship between dietary patterns, body composition, and the development
of autoimmune diseases in children and adolescents have been deficient.
This study aims to investigate whether dietary patterns (meal patterns,
eating habits, and consumption frequencies of sugary products and fruits/
vegetables), waist-to-height ratio (WTHR), and body mass index (BMI) in
school-aged children are risk factors for developing autoimmune diseases
(DM, AIT, JIA, and IBD) in adolescence.

2 | METHODS

21 | Data sources and study population
The study population was derived from the Finnish Health in Teens
(Fin-HIT) cohort.’? The Fin-HIT cohort was assembled by school
recruitment in vast, densely populated areas throughout Finland with-
out specific exclusion criteria, comprising 11 407 school-aged chil-
dren. At baseline, when the children's median age was 11.3 years,
questionnaire was used to obtain data concerning food consumption
(food frequency questionnaire, FFQ) and meal patterns. In addition,
weight, height, and waist circumference were objectively measured.
After approximately 2.6 years from baseline, parents were asked to
report their children's body measures, which were obtained at home
with a provided measuring tape according to given instructions. These
measures were available for 50% of the children in the cohort.*?

DM, AIT, JIA, and IBD (including Crohn's disease, ulcerative coli-
tis, and IBD unclassified) diagnoses (from birth to 31 December 2018)
were obtained by linking the participants' personal identifier number
(presenting the date of birth and sex) with two national health
registers—the Special Reimbursement Register and the Drug Purchase
Register—maintained by the Finnish Social Insurance Institution.?®

The excellent coverage of these registers is described elsewhere.?!

Celiac disease has a known triggering factor (gluten) and requires no
long-term medical prescriptions, hence this diagnosis was not avail-
able in the registers we used.

In the Fin-HIT cohort, 245 children received their primary diagnoses
(DM, AIT, JIA, or IBD) by the end of follow-up. Of them, girls were more
commonly affected by AIT and JIA than boys, while AIT was more com-
mon in adolescence than in preschool age.22 To limit the role of age, sex,
and residential areas as profound confounders, a matched case-control
design was chosen for this study. The case group consisted of 105 chil-
dren with available FFQ, whose diagnoses were dated at least 1 month
after recruitment. Of them, 34 (32.3%) developed DM, 39 (37.1%) AIT,
18 (17.1%) JIA, and 14 (13.3%) IBD during the follow-up period. For each
child in the case group, four children with matching age, sex, and residen-
tial area were selected from the same cohort by a person outside the

study group, generating the control group of 420 children (Figure S1).

2.2 | Anthropometric measures: Waist-to-height
ratio (WHTR) and body mass index (BMI)

Based on the WHTR, the children were categorized as having a nor-
mal waist (WHTR <0.5) or being centrally obese (WHTR 20.5).2% BMI
(=weight [kg]/height [m]?) was categorized based on age and sex
according to the International Obesity Task Force cutoffs as ‘under-
weight’ (comprised thinness grades Il and Ill only, with standard devia-
tion [SD] score equivalent <—1.88 for boys and <—1.79 for girls),
‘normal’ (SD score equivalent —1.88 to 1.31 for boys and —1.79 to
1.24 for girls), and ‘overweight’ (including both overweight and obese

with SD score equivalent >1.31 for boys and >1.24 for girls).2*

2.3 | Meal patterns, eating habits, sweet treat
index (STI), plant consumption index (PClI)

Food consumption in the preceding month prior to baseline was
analysed based on obtained FFQ data, which included 16 food items
to make it simple enough for 9- to 12-year-old children to apprehend,
yet sufficiently detailed to cover mandatory key indicators used to
determine healthy and unhealthy dietary habits in children according
to the Health Behaviour in School-Aged Children study protocol.?®
These food items were: (1) fruits/berries, (2) fresh vegetables,
(3) cooked vegetables, (4) sugary soft drinks. The additional food items
for healthy eating behaviours were (5) dark grain bread, (6) milk or
buttermilk, (7) fresh juice (no added sugar), and (8) water. For
unhealthy eating behaviours, the additional food items were (9) pizza,
(10) hamburger or hot dog, (11) biscuits/cookies, (12) ice cream,
(13) chocolate/sweets, (14) sweet pastries, (15) salty snacks, and
(16) sugary juice drinks.2® The participants estimated their weekly
consumption of these food items using a 7-point scale ranging from
0 (not consumed) to 6 (consumed several times per day).

Eating habits and meal patterns at baseline have been assessed previ-
ously using FFQ and a questionnaire on the regularity of breakfast, lunch,

and dinner during school days.?” Children with unhealthy eating habits
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TABLE 1

Mean age, years + SD

Cases (N = 105)*

Matched controls (N = 420)°

At baseline 11.3+0.8 11.3+0.8
Missing (%) 0 0

At the end of follow-up 168+ 1.3 165+12
Missing (%) 0 0

Sex, n (%)

Boy 44 (41.9) 176 (41.9)

Girl 61 (58.1) 244 (58.1)
Missing 0 0

Residential area, n (%)

Capital (South) 30 (28.6) 121 (28.8)

Inner South 18 (17.1) 69 (16.4)

West 12 (11.4) 50(11.9)

East 26 (24.8) 106 (25.2)

North 19 (18.1) 74 (17.6)
Missing 0 0

Available FFQ, n (%) 105 (100.0) 419 (99.8)
Missing 0 1(0.2)

Anthropometric measures at baseline: 103 (98.1) 416 (99.0)

measured, n (%)
BMI, median (IQR)

17.7 (16.1-19.5)

17.4(15.9-19.2)

Missing 2(1.9) 0
WHTR, mean + SD 0.44 +0.05 0.43 +0.04

Missing (%) 2(1.9) 2 (0.5)
Diagnosis, n (%)

DM 34 (32.4)

AT 39 (37.1)

JIA 18(17.1)

IBD 14 (13.3)

Median age at diagnoses (IQR) 13.8 (12.3-15.5)

Pediatric
OBESITY

Characteristics of children who developed primary autoimmune diseases, their matching controls, and children in the Fin-Hit cohort
who did not develop autoimmune diseases

Children without

p-value diagnoses (N = 11 162) p-value

0.988°f 112+08 0.025°¢

0.126°F 16.5+1.5

419 (3.8)

0.069°¢
0.9794f 0.172%¢
5074 (47.6)
5576 (52.4)
512 (4.6)
1.000%f 0.162%¢
3651 (32.8)
1232 (11.1)
1128 (10.1)
2373 (21.3)
2737 (24.6)
41(0.4)

10 214 (91.5)
948 (8.5)

10 420 (93.4)

0.447°f 17.3(15.8-19.2) 0.269°¢

0.101°f 0.43 + 0.05

742 (6.6)

0.070%¢

20f the 11 407 school-aged children in the background cohort, 105 children with primary diagnosis (AIT, autoimmune thyroiditis; DM, type 1 diabetes
mellitus; IBD, inflammatory bowel diseases; JIA, juvenile idiopathic arthritis) at least 1 month after baseline and available Food Frequency Questionnaire
(FFQ) generated the case group. SD=Standard Deviation, IQR = Interquartile Range, BMI=Body Mass index (kg/mz), WHTR = Waist to height Ratio.
bFour children with matching age, sex, and residential areas were chosen for each child in the case group, generating the control group.

“Independent samples t-test.
dpearson's chi-square test.
®Kruskall-Wallis test.
fBetween case and controls.

EBetween case and all children without studied autoimmune diagnoses in the cohort (including the controls).

frequently consumed unhealthy food items such as pizza, hamburger/hot
dog, sugary products, and salty snacks. The fruit and vegetable avoiders
rarely consumed unhealthy food items, but they scarcely consumed
fruits/berries, fresh juice, and fresh or cooked vegetables as well. Healthy
eaters regularly consumed dark grain bread, milk, fruits/berries, fresh
juice, and fresh grated or cooked vegetables, while they consumed
unhealthy food items less often. Furthermore, children with regular meal

patterns were those who had lunch and dinner every weekday, while the

rest had irregular meal patterns. Children who ate breakfast every school
day were classified as having a regular breakfast pattern, while the rest
had an irregular breakfast pattern.

To estimate weekly consumption frequencies of sugary products
and plants at baseline, FFQ answers were recoded into a times/week
continuous variable: ‘not at all’ as O, ‘less than once a week’ as 0.5
(assuming an average consumption of twice per month), ‘once a week’

as 1, ‘2-4 times a week’ as 3, ‘5-6 times a week’ as 5.5, ‘once a day’
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TABLE 2 Associations of central obesity and being overweight in school-aged children with the onset of paediatric autoimmune diseases

(DM, AIT, JIA, and IBD)?

Odds ratio (95% Cl)
Baseline anthropometric measures Cases® Controls® Unadjusted Adjusted
Autoimmune diseases Central obesity, n (%) N = 105 N =420
No (WHTR<0.5) 86 (81.9) 373 (88.8) Reference Reference
Yes (WHTR 20.5) 17 (16.2) 41(9.8) 1.93(1.04-3.57) 2.11(1.11-3.98)
Missing 2(1.9) 6(1.4)
BMI categories, n (%)
Normal weight 83(79.0) 356 (84.8) Reference Reference
Overweight 20(19.0) 60 (14.3) 1.51 (0.86-2.67) 1.60 (0.89-2.87)
Missing 2(1.9) 4 (1.0)
DM Central obesity, n (%) N=34 N =136
No (WHTR<0.5) 26 (76.5) 122 (89.7) Reference Reference
Yes (WHTR 20.5) 6(17.6) 12 (8.8) 2.97 (0.97-9.05) 3.20(0.97-10.5)
Missing 2(5.9) 2(1.5)
BMI categories, n (%)
Normal weight 28 (82.4) 113 (83.1) Reference Reference
Overweight 4(11.7) 22(16.2) 0.80(0.24-2.71) 0.86 (0.24-3.04)
Missing 2(5.9) 1(0.7)
AIT Central obesity, n (%) N=39 N =156
No (WHTR<0.5) 34 (87.2) 139 (89.1) Reference Reference
Yes (WHTR 20.5) 5(12.8) 16 (10.3) 1.28 (0.44-3.70) 1.36 (0.45-4.10)
Missing 0 1(0.6)
BMI categories, n (%)
Normal weight 30(76.9) 133 (85.3) Reference Reference
Overweight 9(23.1) 23(14.7) 1.66 (0.73-2.80) 1.70(0.72-4.02)
Missing 0 0
JIA Central obesity, n (%) N=18 N=72
No (WHTR <0.5) 15 (83.3) 61 (84.7) Reference Reference
Yes (WHTR 20.5) 3(16.7) 8(11.1) 1.61 (0.38-6.81) 1.55(0.28-8.63)
Missing 0 3(4.2)
BMI categories, n (%)
Normal weight 14 (77.8) 60 (83.3) Reference Reference
Overweight 4(22.2) 9 (12.5) 2.01(0.54-7.51) 1.76 (0.36-8.59)
Missing 2(11.2) 3(4.2)
IBD Central obesity, n (%) N=14 N =56
No (WHTR<0.5) 11 (78.6) 51(91.1) Reference Reference
Yes (WHTR 20.5) 3(21.4) 5(8.9) 2.90(0.56-15.0) 2.55(0.45-14.6)
Missing 0 0
BMI categories, n (%)
Normal weight 11 (78.6) 50 (89.3) Reference Reference
Overweight 3(21.4) 6(10.7) 1.66 (0.73-2.80) 2.16(0.34-13.7)
Missing 0 0

2Data were collected approximately 2 years prior to diagnosis. Median age at the time of the diagnosis was 13.75 (IQR 12.25-15.54).0f the 11 407
school-aged children in the background cohort, 105 children who obtained primary diagnosis (AIT, autoimmune thyroiditis; DM, type 1 diabetes mellitus;
IBD, inflammatory bowel diseases; JIA, juvenile idiopathic arthritis) at least 1 month after baseline and had available Food Frequency Questionnaire
generated the case group. OR, odds ratio; Cl, confidence interval; WHTR, waist to height ratio; BMI, body mass index, weight (kg)/height2 (mz).
Categorization was based on IOTF cut-offs.2* No children were underweight in this study.

bEach child in the case group were compared with four children in the control group with matching age, sex, and residential area using conditional logistic
regression test. Adjusted OR considered breakfast pattern, meal pattern, and eating habits.
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as 7, and ‘several times a day’ as 14 times a week (assuming an aver-
age consumption of twice daily). The weekly consumption frequency
of sugary products was evaluated using a sum variable referred to as a
sweet treat index (STI).28 It was calculated by adding up continuous
weekly consumption frequencies of food and drink items representing
sugary products: (1) chocolate/sweets, (2) biscuits/cookies, (3) ice
cream, (4) sweet pastry, (5) sugary juice drinks, and (6) sugary soft
drinks.

Plant consumption index (PCl)—a sum variable analogous to the
STI, combining continuous weekly consumption frequencies of
(1) fruits/berries, (2) fresh vegetables, and (3) cooked vegetables. It
was used to estimate the weekly use of plants as a crude indicator for

anti-inflammatory food components.**2?

2.4 | Statistical methods

Each child who developed a primary autoimmune disease was com-
pared with four matching controls. The data were presented with
mean and standard deviation (SD); median and interquartile range
(IQR); and numbers/proportion (%). Pearson's chi-squared test, the
independent samples t-test, and the Kruskal-Wallis test were used
as appropriate when comparing background information of case
and control groups—to inquire how well the control group were
matched, and to observe anthropometric characteristics (BMI SD
score and WHTR) of both groups. Risk factor variables (central obe-
sity, BMI categories, eating habits, meal patterns, STI, and PCI)
were presented with odds ratio (OR) and 95% confidence interval
(Cl) using conditional logistic regression tests. A 5% statistical sig-
nificance level was adopted. The software used was IBM SPSS Sta-
tistics 26.0.

2.5 | Ethical considerations

The Fin-HIT study protocol was approved by the Ethics Committee of
the Hospital District of Helsinki and Uusimaa (decision number
169/13/03/00/10). The children and one of their guardians provided

written informed consent.

GRZE W LE Y-

3 | RESULTS

Data on anthropometric measures and dietary patterns were collected
approximately 3 years prior to established diagnoses. The matched
case-control study population comprised 525 children (105 cases and

420 matching controls) with similar background characteristics (Table 1).

The mean age of the study population was 11.3 years at baseline, and the

Buttermilk

Water-

Fresh juice=

Cooked vegetables— o

PCI Fresh vegetables= o
Fruit or berries— hg

gt

Pizza— ———i
Salty snacks— —e—
Dark bread- o
Hamburgers/hot dogs —e—i
Sugary soft drinks - o
Biscuits/cookies— o
STI Sugary juice drinks - o
Sweet pastries —o—i
Ice cream —e—i
Chocolate and sweets— —o—i

T T T 1
00 05 10 15 20

OR (95% Cl)

FIGURE 2 Relationship between food items based on food
frequency questionnaire (FFQ) and the onset of autoimmune diseases
(DM, AIT, JIA, and IBD)?. # Autoimmune diseases in this study are:
AIT, autoimmune thyroiditis; DM, type 1 diabetes mellitus; IBD,
inflammatory bowel diseases; JIA, juvenile idiopathic arthritis; PCI,
plant consumption index; STI, sweet treat index. Case group = 105
adolescents who later developed autoimmune diseases®. Four children
with matching age, sex, and residential areas were chosen for each
child in the case group, generating the control group of 420 children.
Data were collected approximately 2 years prior to diagnosis. Median
age at the time of the diagnosis was 13.8 (IQR 12.3-15.5). Each child
in the control group were compared with four matching children in
the control group using conditional logistic regression (survival cox
regression): adjusted OR considered each of the 16 food items and
central obesity. p > 0.05 for all food items

Children with central
obesity (N = 58)

Children without central
obesity (N=459)

-4 All children (N=517)

ST
FIGURE 1 Cumulative frequency (%) 3 §
of autoimmune diseases (DM, AlT, JIA, § % el
and IBD) in children with central obesity g 2
(WHTR =0.5) at baseline, in children & S 20+
without central obesity (WHTR <0.5), and _g E
in all children in this study. Finding was E 'é 104
shown until median follow-up time of g ®
5.1 years (IQR 4.8-5.6). AIT, autoimmune 3 ‘s
thyroiditis; DM, type 1 diabetes mellitus; 0 o

IBD, inflammatory bowel diseases; IQR,
interquartile range; JIA, juvenile idiopathic
arthritis; WHTR, waist to height ratio

Follow-up time (years)
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TABLE 3
onset of autoimmune diseases (DM, AIT, JIA, and IBD)?

Cases® (N = 105)
Breakfast pattern, n (%)

Regular 85 (81.0)
Irregular 20 (19.0)
Missing 0
Meal pattern, n (%)
Regular 72 (68.6)
Irregular 33(31.4)
Missing 0
Eating habits (%)
Healthy eater 2 (40.0)
Fruit and vegetable avoider 44 (41.9)
Unhealthy eater 4(13.3)
Missing 5(4.8)
Sweet Treat Index times/week, median (IQR) 6.3 (4.0-11.5)
Missing (%) 19 (18.1)
Plant Consumption Index times/week, 10.0 (5.5-15.5)
median (IQR)
Missing (%) 0

Relationships between breakfast pattern, meal pattern, eating habits, sweet treat index (STI), plant consumption index (PCl), and the

QOdds ratio (95% CI)
Controls® (N = 420) Unadjusted Adjusted
333 (79.3) Reference Reference
77 (18.3) 1.01(0.59-1.72) 0.75(0.41-1.37)°
10 (2.4)
304 (72.4) Reference Reference
107 (25.5) 1.32(0.82-2.13) 1.20 (0.71-2.02)°
9(2.1)
168 (40.0) Reference Reference
183 (43.6) 0.97 (0.60-1.55) 1.07 (0.54-2.12)°
4(12.9) 1.04 (0.53-2.05) 0.98 (0.60-1.59)°
5(3.6)
0 (4.0-11.5) 0.99 (0.95-1.02) 0.99 (0.95-1.02)¢
35(8.3)
11.5(7.0-18.0) 0.98 (0.96-1.01) 0.99 (0.96-1.02)
1(0.2)

#Data were collected approximately 2 years prior to diagnosis. Median age at the time of the diagnosis was 13.75 (IQR 12.25-15.54). Of the 11 407
school-aged children in the background cohort, 105 children with primary diagnosis (AIT, autoimmune thyroiditis; DM, type 1 diabetes mellitus; IBD,
inflammatory bowel diseases; JIA, juvenile idiopathic arthritis) at least 1 month after baseline and available Food Frequency Questionnaire generated the
case group. STI, the frequency of sugary product consumptions per week; PCI, the frequency of fruit and vegetables consumptions per week.

PEach child in the case group were compared with four children in the control group with matching age, sex, and residential area using conditional logistic
regression test. Adjusted analysis included breakfast pattern, meal pattern, and central obesity.

“Eating habit as covariates.
4STI and PCl as covariates.

children were followed-up for a median of 5.1 (IQR 4.7-5.6) years.
Approximately 58.1% of the study population were girls and 41.9% were
boys. Of them, 28.7% were from the densely populated capital region.
Moreover, anthropometric measures of the matched controls as one
group well represented the measures of 11 162 children in the cohort,
who did not develop autoimmune diseases.

Central obesity was more prevalent in the 105 cases than in the
420 matched controls (16.2% vs. 9.8%) (Table 2). In fact, children with
central obesity at baseline were 2.11 (95% Cl 1.11-3.98) times more
likely to develop an autoimmune disease during the follow-up period
than those without central obesity (Figure 1). This finding was not
related to any particular diagnosis, hence supported the theory that
central obesity could be a potential risk factor for autoimmune dis-
eases in general. In addition, 19.0% of children in the case group were
overweight compared with 14.3% in the control group. However,
being overweight was not related to developing an autoimmune dis-
ease (OR 1.60, 95% Cl 0.89-2.87). Approximately 2.6 years after
baseline, 253 (48%) children (of which 52 developed an autoimmune
disease) had body measures available. Of them, 92.8% remained in
their previous WTHR category and 89.9% in their previous BMI cate-
gory. No children in this study were underweight.

Weekly consumption frequencies of the 16 food items individu-
ally were not related to the development of autoimmune diseases
when adjusted with all other 15 food items and central obesity
(Figure 2 and Table S1). Meal patterns, eating habits, SCI, and PCI
were not associated with the development of autoimmune diseases
either (Table 3). The food consumption characteristics, the PCI, and
the STI of the 420 matched controls well represented 11 162 children
in the total cohort who did not develop studied autoimmune diseases
(Figure S2).

4 | DISCUSSION

Data on anthropometric measures and dietary patterns of children
who developed autoimmune diseases were compared with the data
of controls with matching age-, sex-, and residential area
(as potentially profound confounders). The control group eligibly rep-
resented all children in the cohort, who did not develop autoimmune
disease of interest. Hence, our result using matched case-control
design could be extended to cover larger population. We showed

that the odds of developing a primary autoimmune disease during



RAISANEN T AL.

Pediat

_WILEY_L 7"

adolescence (<19 years) was doubled in school-aged children with
central obesity. This finding was not associated with any particular
autoimmune diagnosis nor was it supported by BMI-based over-
weight. Furthermore, we observed no significant associations
between dietary patterns and the likelihood of developing an autoim-
mune disease.

Our study showed that central obesity was a potential risk factor
for autoimmune diseases during adolescence in general (represented
by DM, AIT, JIA, and IBD), but BMI-based overweight by itself was
not. This could be explained by the fact, that BMI measure does not
consider the shape of the body nor the location of the fat, to be pre-
cise. On the contrary, central obesity predominantly corresponds with
the amount of adipose tissue around the waist. Intriguingly, adipose
tissue itself has been described to have a pro-inflammatory effect,
and its accumulation may contribute to a chronic low-grade inflamma-
tion.3° Furthermore, a correlation between waist circumference and
increased T-cells activity in the adipose tissue have been discov-
ered.3! Since autoimmune diseases in our study (DM, AIT, JIA, and
IBD) are also presented with tissue T-cells infiltration, we speculated
that the increased activation of adipose tissue T-lymphocytes might
have induced autoimmunity in other tissues as well—contributing to
the development of autoimmune diseases. More studies on the mech-
anism of this connection are warranted.

Previous studies have linked central obesity to a higher risk of
positive thyroid peroxidase antibodies and AIT.*! In children, central
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obesity was not associated with JIA's disease activity,
linked to the progression of DM in children diagnosed with positive
autoantibodies.3® In contrast, being overweight was related to more
severe IBD.** Even though these studies were not contradictory to
ours, none of them related central obesity to the development of
autoimmune diseases in previously healthy children. In this way our
study was unique.

We did not find any relationship between dietary patterns
e.g. meal patterns, eating habits, consumption frequencies of sugary
products and/or plants, and development of autoimmune diseases,
but what about previous studies? A Swedish register-based case-
control study involving children aged 7-14 years with matching age,
sex, and residential area has shown that elevated energy intake and
higher intake of carbohydrates, especially of disaccharides and
sucrose, increased DM risk.2> However, this study did not present the
association between the patients' high energy intake and central obe-
sity/overweight, which could be a confounding factor. Moreover, data
on dietary intakes 1 year prior to diagnosis were recalled using an
extensive quantitative FFQ within an interview by a dietitian. Our die-
tary data were collected prior to diagnosis, reflecting food consump-
tion within 1 month preceding baseline recruitment—therefore, had
less recall bias compared with data collected after diagnosis.

We are unaware of previous paediatric studies linking dietary pat-
terns with the development of AIT or JIA. Low vegetable consumption
and high sugar intake might be related to ulcerative colitis but not to
Crohn's disease in adults, and diet with pro-inflammatory characteris-
tics have been proposed to increase the risk for ulcerative colitis in

adult patients.r”3¢ The number of paediatric IBD in our study was
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small, so we combined Crohn's disease and ulcerative colitis, and we
did not notice the association between diet and the development
of IBD.

So far, no convincing results of the relationship between particu-
lar nutrient intake and the development of autoimmune diseases have
been presented, even though the role of high protein intake and an
imbalance of omega-3/6 fatty acid intake have been investigated.®”~%?
Even though our study focused on dietary patterns in general rather than
on particular nutrient intake, it did not affirm the association between diet
and development of autoimmune diseases either. Nevertheless, diet
might still be indirectly associated with autoimmune diseases through
promoting or preventing central obesity. Previous studies have shown
that regular intake of fruit/vegetables may prevent overweight and cen-
tral obesity in children and adolescents.*®*! In our study, plant
consumption did not differ between children who developed auto-
immune diseases and their matching controls, when measured in
school-aged children prior to the onset of autoimmune diseases.
Therefore, the mechanisms on how fruit/vegetable consumption
frequencies might indirectly prevent autoimmune diseases by
preventing central obesity or potentially by acting as anti-
inflammatory agents requires further studies.

Our study had several strengths. The Fin-HIT cohort as a source
population had only small variations in socioeconomic status.?® The
derived control population were further matched based on age, sex,
and residential area. This would naturally limit the numbers of potential
confounding factors, and even small differences would be important. In
addition, our present study is the first case-control study to investigate
whether central obesity, overweight, and dietary patterns in school-
aged children are related to the development of common paediatric
autoimmune diseases (DM, AIT, JIA, and IBD) in a prospective setting.
Weight, height, and waist circumference were objectively measured at
baseline before the onset of autoimmune diseases instead of being
self-reported. In addition, our data were not influenced by potential
nutritional intervention that are sometimes practiced after receiving
diagnosis. Moreover, the control group represented well the entire Fin-
HIT cohort as it had similar age, anthropometric measures, and food
consumptions based on the FFQ. This means that our findings could be
generalized to entail the whole cohort—or possibly even the regions in
Finland that are represented by the cohort.

Since there were no children with underweight in this study, we
could not analyse the effect of being underweight on the develop-
ment of autoimmune diseases. We also did not have confirmed data
on parental autoimmune diagnoses nor on the children's genetic
predisposing factors that might act as confounders. These were our
limitations. On the other hand, the parental autoimmune diseases
could also be related to the central obesity of the parents, due to
unhealthy lifestyle of the whole family, for example. In this case, the
role of the children's genetic background concerning autoimmune dis-
eases might be intertwined with the role of familial (lifestyle and
genetic) central obesity, making it difficult to address separately.

Another limitation concerns the rigid nature of our data. Even
though our study observed the development of autoimmune diseases

in a prospective cohort, the questionnaire, and anthropometric
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measures were static. Hence, we were unable to assess potential
changes over time, which might occur both in food consumption pat-
terns and in anthropometric measures (especially during puberty and
growth spurts) just before the onset of the studied autoimmune dis-
eases. However, although dietary data were collected only once at
baseline, it is plausible to assume only minor changes in dietary pat-
terns throughout childhood as suggested by previous longitudinal
studies.*27* Since follow-up time in our study was relatively short
(approximately 5 years), the changes in eating behaviour would likely
be even less than in those studies with longer follow-up time. Further-
more, based on body measures 2-3 years after baseline, 90% of the
children stayed in their previous BMI and/or WTHR categories,
suggesting that these variables are relatively stable in adolescents dur-
ing a short-term follow-up. Thus, we did not change our conclusion.
We also suggest that central obesity might act as an inflammatory
trigger. Once present, it may induce a chronic inflammatory process
that continues despite of potential longitudinal fluctuation in central
adiposity. This hypothesis warrants further studies.

We have relatively narrow data on food consumption. Even
though the FFQ we used provided a fast and easy way to categorize
children based on consumption frequencies of indicatory food items,
it provided only rough estimations of dietary choices. For example, we
were not able to assess specific food ingredients, portion sizes, nergy
intake, or other nutrient intakes which were required in calculating
different dietary inflammatory scores and indices in previous stud-
ies.2*2% We are also aware of the possibility of underreporting in
answering questionnaires, particularly concerning questions that were
related to unhealthy lifestyles. Yet, it is safe to assume that this ten-
dency would be similar in both case and control groups.

In conclusion, central obesity in school-aged children increased
the likelihood of developing autoimmune diseases (represented by
DM, AIT, JIA, and IBD) in adolescence. Therefore, paying attention to
the relative waist circumference of school-aged children during
check-ups is necessary—especially concerning children from families
with a strong history of autoimmune diseases. Even though dietary
patterns were not associated with the onset of autoimmune diseases
in this study, we still recommend healthy eating habit with high fruit
and vegetable consumption to avoid central obesity as a relatively
simple way to try to restrict the potential development of autoim-

mune diseases in adolescents.
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