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Abstract

Introduction: Regional variations exist in the prevalence of type 2 diabetes and cardi-
ovascular disease in Finland. As these conditions share risk factors with major obstet-
ric complications, we aimed to investigate whether there are geographical differences
in the prevalence of pregnancy complications and if these differences could be ex-
plained by known risk factors such as maternal obesity or dietary intake.

Material and Methods: In this observational study, data from the Finnish Medical
Birth Register and the Hospital Discharge Register were analyzed for primiparous
women who had singleton births in Finland from 2013 to 2017. We calculated regional
prevalence rates of gestational diabetes, gestational hypertension, preeclampsia, and
premature birth. Loyalty card data from the largest food retailer were utilized to as-
sess the regional average of food purchases of fertile-age women living in single- or
two-adult households between September 2016 and December 2017. The datasets
were merged by postal codes and organized by cardinal direction regions.

Results: The birth register included 109 306 women, and data from 3937 purchas-
ers were analyzed. Compared with women living in Southern Finland, those liv-
ing in the North had higher odds for gestational hypertension (adjusted OR 1.36,
95% Cl 1.10-1.68, p=0.005), while women living in Eastern Finland had greater
odds for preeclampsia (adjusted OR 1.21, 95% CI| 1.02-1.44, p=0.030). We did
not find regional differences in the prevalence of gestational diabetes or preterm
birth. Higher average areal fiber content of the purchases decreased the odds of
gestational hypertension (OR 0.90, 95% Cl 0.89-0.99, p=0.022), and diminished
gestational hypertension's geographical disparity. Higher means in areal red and
processed meat purchases were associated with preterm birth (OR 1.29, 95%
Cl 1.02-1.62, p=0.031), and a high maternal body mass index was related to all

Abbreviations: BMI, body mass index; GDM, gestational diabetes; GH, gestational hypertension; HDR, Hospital Discharge Register; ICD-10, International Statistical Classification of
Diseases and Related Health Problems; MBR, Finnish Medical Birth Register.
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1 | INTRODUCTION

Historically, there has been strong regional differences in obesity
and cardiovascular disease prevalence in Finland, with the highest
prevalence in North Karelia, Eastern Finland. Fifty years ago, The
North Karelia Project was launched, and it successfully managed
to reduce cardiovascular disease risk factors and mortality related
to them by comprehensive community-based lifestyle counseling
intervention.?® Nevertheless, according to recent Finnish Institute
for Health and Welfare's statistical reports, regional differences pre-
vail.* Especially in the Northern and Eastern parts of Finland, mor-
tality from cardiovascular diseases is still higher.

Pregnancy serves as a metabolic and vascular stress test, as the oc-
currence of common pregnancy complications has been demonstrated
to forecast a woman's susceptibility to later morbidity. Gestational
diabetes (GDM) is known to predispose to later type 2 diabetes, hy-
pertension, and cardiovascular diseases,”® and likewise gestational
hypertension (GH) and preeclampsia increase the future risk of hyper-
tension, coronary heart disease, stroke, and death due to cardiovascu-
lar disease.””? Hence, pregnancy offers an early window of opportunity
to identify women at risk and enhance their long-term health.

Multiple lifestyle-related risk factors are likely to lie behind both
geographical health discrepancies and adverse pregnancy out-
comes.»” ! Understanding the promoters of the regional differences
in obstetric complications and morbidity related to it might help to tar-
get and provide guidance for the most promising regional intervention
strategies in Finland, but also in other high-income countries.

This study investigates potential regional differences in pregnancy
complications among the generation following the North Karelia
Project. It also explores whether these differences can be attributed
to regional variations in maternal obesity prevalence and the healthi-
ness of food purchases among fertile-aged women, utilizing a novel ap-
proach that combines at regional level nationwide health registry data
with actual food purchase data from consented loyalty card holders.

2 | MATERIAL AND METHODS

In this study, three separate datasets were utilized. First, informa-
tion on maternal characteristics and pregnancy complications was

pregnancy complications (OR 1.3-9.8, p<0.001 in all comparisons), but they did
not account for regional differences.

Conclusions: Compared with Southern Finland, hypertensive pregnancy complica-
tions were more prevalent in women living in Eastern and Northern Finland. Obesity
did not explain regional differences, whereas lower fiber content of purchases in

these regions may have contributed to the prevalence of pregnancy hypertension.

body mass index, gestational diabetes, gestational hypertension, loyalty card, nutrient,
preeclampsia, pregnancy, premature labor

Key message

Hypertensive pregnancy complications were more preva-
lent in Eastern and Northern Finland. Low fiber consump-
tion in these regions may increase the odds of gestational
hypertension and explain certain regional differences.
Conversely, obesity does not seem to explain the regional
differences.

extracted from the Medical Birth Register (MBR) and the Hospital
Discharge Register (HDR) to study regional differences in pregnancy
complications. Usage of the MBR and HDR data was approved by the
Finnish Institute for Health and Welfare as the register keeper and the
permission was updated by the Finnish Social and Health Data Permit
Authority Findata in 2022. Second, to assess the regional differences in
food purchases, data obtained from the LoCard study was used. In the
LoCard study,'? large-scale customer loyalty card data from Finland's
largest food retailer (S Group) is used to investigate various aspects
such as quality and changes in consumers' food consumption patterns.
The study was reviewed by the University of Helsinki Ethical Review
Board in Humanities and Social and Behavioral Sciences (Statement
21/2018). Food purchase data were first aggregated to summary sta-
tistics on the postal code level without individual-level data or identi-
fiers and then merged with the MBR and HDR databases using postal
codes converted from women's home municipalities. Combined data
were stored and analyzed on a secure and externally audited data ana-
lytics platform provided by the Helsinki University Hospital.

2.1 | Data on maternal characteristics and
pregnancy complications: MBR and HDR

Data on all primipara women with singleton births in Finland be-
tween 1.1.2013 and 31.12.2017 was extracted from the Finnish
MBR. This register receives its data electronically from Finnish ma-
ternity hospitals, where a form is filled by the hospital staff after
each delivery and sent to the register. The data collection form in-
cludes comprehensive information on the mother and the neonate,
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and for the present study, we obtained information on mothers' age
and body mass index (BMI), smoking habits, gestational age at deliv-
ery, socioeconomic status based on occupation, and pregnancy com-
plications with International Statistical Classification of Diseases and
Related Health Problems (ICD-10) codes. MBR collects information
on BMI based on pre-pregnancy weight reported by the mother and
height measured by public health nurses or midwives at women's
first visit to the antenatal clinic. We complemented MBR data with
information on maternal pregnancy diagnoses obtained from the
Finnish HDR, which includes both hospital inpatient care and out-
patient visits from public hospitals, as recorded by the responsible
physician as ICD-10 codes.'® HDR and MBR data were merged using
the encrypted unique personal identity code available in both data
sources.

GDM, GH, preeclampsia, and preterm delivery were selected as
obstetric complications of interest, as they are the most frequent
adverse pregnancy outcomes and are known to share common risk
factors with cardiovascular disease and type 2 diabetes. To collect
data on the prevalence of GDM, information on the pathologic re-
sult of the oral glucose tolerance test was extracted from MBR and
ICD-10 code 024.4 from both MBR and HDR records. According to
the national recommendation, GDM is diagnosed if in 75g oral glu-
cose tolerance test one or more values are at or above the limits of
5.3mmol/L (fasting), 10.0mmol/L (1 h) or 8.6 mmol/L (2h). Screening
for GDM is recommended to be offered to all pregnant women ex-
cept those few who are at very low risk according to the Finnish
Current Care guideline.14 The diagnosis of GH was extracted as ICD-
10 codes 013 and O16 from MBR and HDR records. GH is typically
defined as a systolic blood pressure 2140mmHg or a diastolic blood
pressure 290mmHg after 20weeks of gestation in previously nor-
motensive women. For preeclampsia, defined as GH with concurrent
new onset proteinuria (20.3g/24h), ICD-10 codes 011, O14, or 015
were searched from both records. Preterm delivery was defined ei-
ther as ICD-10 code O60 in HDR or duration of gestation between
22+0 and 36+ 6weeks in MBR.

2.2 | Food purchase data

This research leverages extensive data obtained from the loyalty
program of Finland's largest food retailer (S Group) with 46% market
share in 2018 and a national coverage. In 2018, the retailer's cus-
tomer loyalty card was held by 2.4million households in Finland,
representing 88% of all Finnish households.'® Invitations to par-
ticipate in the study were sent to cardholders nationwide through
email, provided they had given consent to be contacted for research
purposes. Individuals who granted permission for the use of their
purchase data in research were further invited to complete an ad-
ditional electronic questionnaire that allowed collection of more
detailed information such as age-group, household structure, civil
status, and education.®

Initial food purchase data were obtained from 47066 partici-
pants with purchases between September 1, 2016 and December

31,2018.12 To align with the characteristics of women in MBR most
effectively, data from September 1, 2016 to December 31, 2017,
were included in the study. Only those who had a self-reported de-
gree of loyalty of at least 40% (i.e., participants who made a sub-
stantial proportion of their food purchases from the food retailer)
were considered to provide sufficient information on their purchase
behavior and were included in the analysis. Female participants aged
between 18 and 40years living in single- or two-adult households
were included in this study, since their food purchases were consid-
ered to best reflect food purchases of primiparous women.

The energy and nutrient content of 1 kg within each product cat-
egory (such as cucumber, skimmed milk, and vegetarian lasagna) was
determined using the nutritional calculation software available at
www.fineli.fi. This website relies on the food composition database
Fineli®, managed by the Finnish Institute for Health and Welfare. To
calculate the absolute energy and nutrient contents of the purchase,
the purchase volume (in kg) for each product category was multi-
plied by the energy and nutrient contents per 1kg within that cat-
egory. The resulting energy and nutrient contents of all purchased
product categories were aggregated to determine the overall annual
energy and nutrient contents of the total purchases.

For the analysis, we included three aggregated food groups and
four nutrients, which served as representatives of the healthiness
of the food purchases.’” The aggregated variables were fruits and
vegetables, red and processed meat, and discretionary foods, and
the following nutrients: fiber, saturated fatty acids, folate, and salt.
Discretionary foods included sweets, chocolate, savory snacks (e.g.,
salted peanuts and potato chips), and sugar-sweetened beverages.
The purchased foods and nutrient contents were scaled to 2000kcal
to indicate average individual's daily energy intake, except saturated

fat, which was expressed as percentage from total energy intake (E%).

2.3 | Dataintegration

MBR included information on mother's municipality, which was con-
verted into postal codes, as the food purchases were also aggregated
to regional level by postal code. Women with no municipality infor-
mation in MBR (n=30) or residence abroad (n=780) were excluded
from the analyses, as were women whose municipality number was
incorrect (i.e., municipality number could not be found on official
municipality records between 2013 and 2017, n=34).

Adjacent postal codes were merged to create larger areas. When
a municipality encompassed two distinct postal code areas, the area
with the greatest number of postal codes within the municipality
was selected. Thus, the country was eventually divided into 31 areas.

To assess differences in pregnancy complications on a larger
scale, postal code areas were further merged to create four distinct
regions representing Southern, Western, Northern, and Eastern
Finland. The borders of these areas were selected based on cardio-
vascular disease morbidity in Finland.'® Additionally, they follow the
genetic division between the east and west among the Finnish pop-
ulation.?? The region division is visible in Figures 1 and 2.
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As the data could not be linked on an individual level (different
women in MBR and retailer's database), each woman in MBR was
merged with the average food (or nutrient) purchase of their postal
code living area, that is, the average amount of food or nutrients
purchased per 2000kcal.

2.4 | Statistical analyses

Baseline characteristics of primipara women in MBR are presented
as means and standard deviations, or frequencies and percentages.
BMI, the amount of food, and the nutrient content of the purchased
food were not normally distributed and are therefore reported as
medians with interquartile range, when appropriate.

Regional prevalence of pregnancy complications is reported as a
percentage. To estimate the heterogeneity in regional prevalences
within each pregnancy complication, a generalized linear mixed
model was applied, in which postal code area was used as a random
effect.

In a “basic model” generalized linear mixed model, cardinal di-
rection regions were added as fixed effects. In a “confounder ad-
justed model,” the same model was used together with potential
confounders: socioeconomic status, age, smoking, and BMI. These
confounders were selected since, according to previous literature,
they affect the risk of the examined pregnancy complications.” ™!
Socioeconomic status and tobacco smoking were categorized as in
MBR, while age and BMI were categorized into four and five groups
respectively (Table 1). Missing information was treated as its own
category. The sensitivity analysis confirmed that the odds ratios
remained practically identical, regardless of whether missing data
were treated as a separate category or excluded. The most common
category was chosen as a reference category unless the most com-
mon category was that with missing information. In the “food and
confounder adjusted model” purchases of food groups “fruits and

» o«

vegetables,” “red and processed meat,” and “discretionary foods”
were added to the confounder adjusted model as continuous vari-
ables, using linear terms. Likewise, in the “nutrient and confounder
adjusted model,” fiber, percentage of saturated fatty acids, folate
and salt were in turn added to the confounder adjusted model simi-
larly as continuous variables. If adding food or nutrient in the model
notably changed the association between the regions and a preg-
nancy complication, regional differences in the food purchases or
their nutrient content were tested using non-parametric indepen-
dent samples Kruskal-Wallis test.

The prevalence of relevant pregnancy complications and mean
nutrient contents of average food purchases in the cardinal direc-
tion regions were illustrated in geographical maps. For the maps
of nutrient contents of food purchases, a weighted mean of postal
code areas was calculated for each cardinal direction region using
the number of participants in each postal code area as the weight-
ing factor.

A p-value <0.05 was considered significant. Analyses were con-
ducted with IBM SPSS statistics version 29.0 for Windows (IBM

SPSS Inc). The maps were created using R version 4.3.3. (R Core

Team 2024) and packages sf,2° geofi,?* ggplot2,?2 RColorBrewer.?®

3 | RESULTS

MBR and HDR included 109 306 primipara women, and survey data
from 3937 loyalty card owners were aggregated for the analyses.
The characteristics of women are presented in Table 1.

Food and nutrient content of the food purchases across cardinal
direction regions are presented in Table 2 and across postal code areas
in Table S1. A median 319g of fruits and vegetables, 71g of red and
processed meat, and 135g of discretionary foods were purchased per
2000kcal of energy. The median fiber content of the purchases was
18.6g per 2000kcal and 15.2 E% were saturated fats (Table 2).

The median BMI was 23.1 kg/m2 (IQR 21.0; 26.2) and varied lit-
tle across cardinal direction regions (Table 3). The BMI of 25kg/
m? or higher significantly increased the odds of all examined
pregnancy complications, with the odds growing along with rising
BMI (Table 4). Additionally, being above 30years of age generally
increased the odds of the studied complications. However, being
under 20 increased the odds of preeclampsia and prematurity. High
SES was associated with a reduced likelihood of GDM and pre-
eclampsia but had no influence on premature birth. Furthermore,
maternal daily tobacco smoking was protective against developing
both preeclampsia and GH but raised the odds of GDM and pre-
mature birth.

3.1 | Gestational diabetes

Across the postal code areas, prevalence of GDM ranged from 10%
to 23% (median 17.3%) and significant variation was found (p <0.001,
Table S2). Although prevalence was highest in Southern Finland
(18.2%) and lowest in the North (15.5%) (Table 3), place of residence
in any of the cardinal direction regions was not significantly associ-
ated with the odds of GDM, and neither were average areal food

purchases or nutrient contents of them (Table 4).

3.2 | Gestational hypertension

Across postal code areas, the prevalence of GH ranged from 3.7%
to 10.1% (median 6.9%), and variation was significant (p <0.001,
Table S2). The prevalence of GH was highest in Northern Finland
with 7.9% and lowest in the Southern region with 5.2% (Table 3,
Figure 1). In the confounder-adjusted model, living in the Northern
region, as opposed to the Southern region of Finland, significantly
increased the odds of developing GH (OR 1.36, 95% CI 1.10-1.68,
p=0.005 Table 4). After adjusting also for the areal food purchases,
the significantly higher odds for GH in the Northern region com-
pared with Southern region persisted but was no longer signifi-
cant between the four regions (p=0.066). The addition of nutrient

85Us017 SUOWWIOD aAIea1D) 8|qeot|dde ays Aq peusenob a1e 9ol VO ‘88N JO S9INI 10 A%Iq1T8UIIUQ A1 UO (SUOTPUOD-PUR-SWBIALI0O" A3 1M AeIq 1 BUI|UO//SdIY) SUONIPUOD PUe SWS | 81 89S *[S202/20/£0] U0 ARiqi8uljuo AB[1M ‘Pi1Suoiedlidnd IIPSIA Wwioepona Aq G20ST'SBoe/TTTT 0T/I0p/woo 48| imAriqijeutiuoukBaoy/sdny wouy pepeojumod ‘. ‘SZ0Z ‘ZT#0009T



16000412, 2025, 7, Downloaded from https://obgyn.onlinelibrary.wiley.com/doi/10.1111/a0gs.15075 by Duodecim Medical Publications Ltd, Wiley Online Library on [03/07/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

PELLONPERA ET AL.

§9¢eT
(5'2) €0ST
(€2) sLey
(1°8) z08Y

(T'z8) zz88y
(6T) LOTT
(e€) 8161
(8°9) 690

(€°6T) GOSTT

(8'€5) €861€

(641) 0688
(8'52'8°07) 6°C¢
(€'TT) €TLY
(6) 568¢
(8'€8) 08861
(70 veT

(€725) €601€

(V'L¥) SL18C

(5'zS)ozete

(T'1) 829
(€2) LSEY
(8'9) £50%
(97) 926
(9'6T) 08911
(T'11)8€99
(5°2) L0ST

(6€¥) ¥TT9¢C

(#'08) 6L6 6T
(T€) T68T
(e€'52) 6C

(F'tS) 20S 65

ynos

XA

(6€) 6£9
(T'6) 6411
(0'zT) Ev6T
(OXVAR7A%A"
(To)15¢
(9%) L
(€'8) 8¥ET
(€'T2) 09vE
(S°15) T9€8
(Ten) eL6t
(L9z'TT2) 'ee
(8'6) 66ST
(6'8) 0S¥T
(T'18)981¢€T
(z’0)0oe
(T'€9) ¥9z 01
(9°9€) 165
(T'1€) 9%0S
(VAral 154
(0'vT) 992C
(T'T1) 00817
(6'T) 90¢€
(T62) LTLY
(zo1) 2891
(£T)€eLe
(8'T€) 0915
(8'19) 9€00T
(L'7)99L
(Te'%2) LT
(641) G€T9T
ise3

8%

(7'1) 692
(92) S9¥T
(€°0T) 0867
(9'08) 81/ ST
(T zee
(Sv) £98
(£°8) 6591
(9'12) TI¥
(€'15) £286
(£21)92ve
(L9zTTI)Vee
(L1) 1€
(€9)91CT
(0'ce) 81941
(Toer
(9°68) LOVTT
(rov) e€LL
(6'€T) €8SY
(9°2) 96¥
(s'€T) ¥85T
(Tertiee
(T2 vy
(¢°ze) vL19
(5°€T) 085T
(£'T)92¢
(T's€) veL9
(€°65) 09€TT
(8°€) zeL
(Te'%2) 8¢
(sz1)TST 6T

1S9

8G¢

(8'T) 5S¢
(6'8) €821
(7'TT) Tr9T
(6££)SETTT
(€T) 16T
(ov) 188
(62)8¢ETT
(6:02) 610€
(€15) €6€L
(S¥T) S60T
(r9z'012) T'ET
(Te)ovy
(09) 998
(6:06) 0TTET
(To)or
(€'85) 8T8
(S°T¥) 6865
(L'¥T) T9s€
(LT)s6e
(9°CT) 618T
(Ten it
(1'2) 60€
(6'c€) z68Y
(8'TT) 669T
(7'T) 96T
(9°82) sTT¥
(T¥9) 9gz6
(0'9) 098
(oe'€2) 92
(Ten) LivvT

yrioN

LE6E
(r'2) 999¢

(62) 2098

(5'6) £9€0T
(c'08) T£9£8
(£'1) 1881

(8°€) LETY
(S2)v1e8
(coz)seree
(£°28) 595 LS
(T¥T) ¥8EST
(T9z012) T'ET
(€'8) 5806

(6'S) LTv9
(8'58) 6L €6
(€'0) 982

(0'95) 28T 19
(8°cv) 8€8 LY
(9°0%) TTY b
(8'1) 0€6T
(To1) 92011
(T'6) G066

(8'T) 5961
(T'se)eLvLe
(S'TT) 69521
(T'2) coge
(9'8€) evT ey
(5°GS) 11909
(6€) 0ScTY
(ce'vz) 82
(0°00T1) 90€ 60T
A1unod sjoypn

u
uoljew.ojul oN

J9)SaWILIY | 191 e payows
J931saw} | Sunnp paddols
ON

uoljewJojul oN

/81 6e=

LW/3E-0€
LW/3%62-5C

LW/31¥2-0T

LW/340z>

uoljew.lojul oN

ON

SO\

uoljew.ojul oN

paliew 10N

diysiaujied paiaisi8al o palley
uoljew.lojul oN

¢s4PY10

sjuapnis

SJ9XJ0M Je||02-2Nn|g
sinauaudasjul

SJ9XJOM JB||02-3}IUM J9MOT]

SJ)J0M Je||0d-ayMm Jaddn

ejep pie) AjeAoT

3upjows

Ing
(W/3) INg

8uniqeyod

snje3s |ejleln

SNJ1e31s 2IWoUu0230I1208

(0725
6€-0€
6¢-0¢
0> =Y
(s4eaA) a3y
(%) u
uoi3ay
dan

(£T0Z 49qw229Q-910z J2qwia3das) Jaseiep pJed A3eAoT pue (£10Z-£T0Z) 4935189y Y3dig [EIIPSA Ul uswom snodediwiiid jo sostiajdeleyd T 379VL



16000412, 2025, 7, Downloaded from https://obgyn.onlinelibrary.wiley.com/doi/10.1111/a0gs.15075 by Duodecim Medical Publications Ltd, Wiley Online Library on [03/07/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

"|e24000¢ 49d Bui,,
‘|leax 000z4ad 81,
(%3) seseydund 4o Jus3uod ASIauD |30} Y3 WOy 28ejuddIdd,
'1894000€ 42d 8,
oceL  ¥989 9669 9€C  61C 9¢¢ 9'ST 09T ¢St 10C 18T 98T 9¥1 811 GET 18 6§ 1L ¥€€ G8C 61¢ Adjunod ajoym
8TCL  T669 ¢669 98¢ viC €5¢ 99T vl €91 T0C VLT 98T €ST 60T 8¢T 18 19 79 9y  6£C 0T€ Ppuejul{ uisyioN
LE69  9TL9 7989 1€C G1C 9¢¢ €S1 9Vl 0SsT G661 G81 S61  LET €€l €T SL 69 69 ¥EE  98C 6¢C¢ puejuiq uisisey
18G4  T6€9 0ceL vee  61C 61c 09T 9¥1 9T ¥eér  GLT 8T 9¥T 8IT G€T 8L 9 8/ T¢€ €8¢ GOE€  PuBjuld UISISOM
GCCL L6889 ¢0TL  6¥C  0CC 8¢¢ S'ST 064Gl 0sT 07¢Cc 18l 1T0C €S1 601 oYl 18 6V 65 08¢ G8C 0ZE€  pugjul4 uisynos
€0 10 uelpa €0 10 uelpapN €0 10 uelpapN €0 10 uelpsiy €0 10 uelpdN €D TDO uelpsN €0 10 uelpspy
pHEs ,1ejo4 q% 1} pajeinies 19414 .Spooj Aieuonaidsiq Jesw s9|qejasan pue siinig
passadoud pue pay
*/TOZ Jaqwadaq 03 9TOZ Joqualdag wody suoiSal uojjdaJip |eulpied SSoide siap|oy pied A}eAo| Jo saseydind pooy O Jua3U0D Ju3lINU pue saseydsnd poo4 zZ 379V.L
‘seale apod |e3sod T¢ ssouoe a3ejuadiad uelpaln,
'S9241321 ‘paAo|dwaUN ‘SBAIMISNOY 1SI18Y3Q,
‘uoljewsiogul SuISSIW ON,
‘(%) U 10 (YOI) uelpaw se pajiodal ale s Nsay 210N
(ev'1e)se (ez:o0)vT (62:00) €0 8vTI Ve (cvsolcee $$9] 10 Jooyas Asewlid
(0'15:9°2€) 601 (OLV'T TV LTV (Ev¥'6TE) 59€ (005¥'9€) T TV (L1yeee) Ty |ooyas Alepuodas addn
(S'6€:0°€E) ¥'9E (V1T LE) ¥'8E (0stL£2) 60V (6L70°TE) T TV (Cevsve)9'8e JU3jeAINb3 10 93.33p s,Jojayoeg
(Lzzoen vst (8'6T°9°ET) L'ST (€£€6CT) 69T (0618 TT) 9°€T (8'6T°CET) ¥'ST Jaysiy 10 92433p s, 49)seN >eloleInp3
(80T ¥C (8'9'0)8°C (£z0)eT (Stro)ce (ev'00)CC paje.tedss Jo pasloAld
(697'1°8€) §'S¥ (L1¥°8°6€) 6T (Cvi0ee) 8'GE (Cvv'8TE) T'8E (T9¥'6'5€) S'0F 3|3uiS
(E¥¥:9'9€) 60 (rvv'8°1€) 621 (06%:0'82) 6 (ees:isLe) T ey O v¥'69€) ey sunigeyod
2 (091G TT) 9°€T (9°€T'S6) T'TT (62121 €91 (T'81°L9) €T (89T TTT) 9°€T diyssaursed pa.ansi3al ul Jo paLlie 2eSNIEIS [EJLIEN
nm yinos Jse3 1S9M yrioN A1unod sjoypA uoi8ay
[
Z dan
2
& (penuiUo)d) T 379VL



PELLONPERA ET AL.

TABLE 3 Prevalence of pregnancy complications among primiparous women across cardinal direction regions in Finland between 2013

and 2017.
n (%) Gestational diabetes n (%)
Southern region 59502 (54.4) 10820 (18.2)
Western region 19152 (17.5) 3253 (17.0)
Eastern region 16235 (14.9) 2638 (16.2)
Northern region 14417 (13.2) 2236 (15.5)
Whole country 109306 (100.0) 17.3 (15.8;20.8)*

“Median percentage (IQR).

contents of food purchases to the model diluted geographical dif-
ferences. Higher average fiber content of the purchases in the area
reduced the odds of GH diagnosis (OR 0.90, 95% CI 0.89-0.99,
p=0.022 Table 4).

The groceries of women living in the Southern region con-
tained more fiber than those of women living elsewhere (p <0.001),
whereas the least fiber was purchased in the Western part of Finland
(Table 2, Figure 2).

3.3 | Preeclampsia

Around 4% of women developed preeclampsia during the study
period, with the range across different postal code areas varying
from 2.4% to 6.5% (variance p=0.002, Supplementary Table S2).
The highest prevalence of preeclampsia (4.9%) was found in
Eastern Finland and the lowest (3.4%) in Western Finland (Table 3,
Figure 1). With or without adjustments for confounders (SES, age,
smoking, BMI), women residing in the Eastern region had signifi-
cantly greater odds of being diagnosed with preeclampsia com-
pared with women residing in the Southern region (OR 1.24, 95%
Cl 1.03-1.50, p=0.024 and adjusted OR 1.21, 95% CI 1.02-1.44,
p=0.030, Table 4).

When food group purchases in the areas were added to the anal-
ysis along with confounding factors and cardinal direction regions,
it was observed that women residing in the Western region had
reduced odds for preeclampsia compared with women living in the
Southern region, although no specific food group had a significant
association. Analysis of nutrient contents of purchases yielded no
significant associations (Table 4).

3.4 | Preterm birth

Across the postal code areas, median 5.5% of women gave birth
prematurely before 37 +0 gestational weeks, with the proportion
ranging from 4.6% to 7.2% (p=0.013, Table S2). Prevalence varied
from 5.2% to 5.8% between cardinal direction regions (Table 3).
Residence in any of the cardinal direction regions did not signifi-
cantly influence the odds of premature birth in either adjusted or
non-adjusted analyses (Table 4).

Gestational Preterm birth
hypertension n (%) Preeclampsia n (%) n (%)
3079 (5.2) 2199 (3.7) 3073 (5.2)
1355 (7.1) 648 (3.4) 1116 (5.8)
1086 (6.7) 793 (4.9 945 (5.8)
1145 (7.9) 667 (4.6) 769 (5.3)

.9 (5.6;8.3)° .1(3.6;4.9) 5.5(5.2;6.0)°

The areal food purchases did not significantly explain the geo-
graphical variation in the prevalence of premature birth, although
purchases of red and processed meat were positively associated with
increased odds of preterm birth (OR 1.29, 95% Cl 1.02-1.62, p=0.031)
(Table 4).

4 | DISCUSSION

We found significant regional differences in the prevalence of ges-
tational hypertensive complications in Finland. Women living in
the Northern region of Finland had a higher risk of developing GH
than women living in Southern Finland. The difference was associ-
ated with the regional fiber content of food purchases, with signifi-
cantly more fiber-rich foods being purchased in the Southern region.
Women residing in Eastern Finland had a significantly greater risk
for preeclampsia compared to those living in the Southern region.
Neither the healthiness of food purchases nor the nutrient contents
of food purchases were associated with the geographical differences
in the prevalence of preeclampsia. Although high BMI was a strong
risk factor for all examined pregnancy complications, adjustment for
BMI did not diminish the geographical differences in hypertensive
disorders.

GH and preeclampsia are recognized as risk factors for future
cardiovascular disease.?* According to the statistical reports from
the Finnish Institute for Health and Welfare, regional variations in
the prevalence of coronary heart disease persist, with the highest
prevalence observed in the East and North of Finland. Our study
confirms that these disparities extend to obstetric complications.
Twenty years ago, using data from the FINRISK 2002 survey study,
Kaaja et al. examined women with a history of preeclamptic preg-
nancy.? They reported a notably higher risk of preeclampsia in
Northern Finland compared with the Southern regions, and this
discrepancy to be partially explained by established risk factors for
coronary artery disease, such as increased blood cholesterol, blood
pressure, and BMI. Additionally, they did not detect regional differ-
ences in the prevalence of hypertension, and the higher prevalence
of preeclampsia in the Eastern regions was only observed in the age-

adjusted logistic regression model.?¢ The disparities between their
findings and ours may stem from the fact that their study included

comprehensively Northern parts of Finland but focused only on
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TABLE 4 Association of socioeconomic status, age, tobacco smoking, body mass index and food purchases with the risk and regional

variance in the prevalence of pregnancy complications.

Basic model

Regions

Northern
Finland

Western Finland
Eastern Finland
Southern Finland

p

Confounder-adjusted model?

Socioeconomic

status

Age (years)

Tobacco
smoking

Body mass
index (kg/mz)

Regions

Upper white-
collar workers

Entrepreneurs

Blue-collar
workers

Students
Others
No information

Lower white-
collar workers

p
<20
30-39
>40
20-29
p

Smoked during |
trimester

Smoked daily

Smoked
infrequently

No information
No smoking

p

<20

25-29.99
30-34.99

235

20-24.99

p

Northern
Finland

Western Finland
Eastern Finland

Southern Finland

p

Gestational diabetes

Gestational
hypertension

Preeclampsia

1281

Preterm birth <37 gw

OR

0.92

0.95
0.94
Ref.
0.887

0.82

1.03
1.04

0.95
1.06
0.95
Ref.

<0.001
0.59
1.68
2.79
Ref.
<0.001
1.19

1.17
1.05

1.06
Ref.
<0.001
0.75
2.34
4.54
9.78
Ref.
<0.001
0.93

0.91
0.90
Ref.
0.808

95% Cl

0.73

0.75
0.74
Ref.

0.77

0.91
0.97

0.89
0.93
0.91

0.53
1.62
2.53
Ref.

112

1.09
0.77

0.93
Ref.

0.70
2.25
4.31
9.13
Ref.

0.73

0.71
0.70

1.15

1.21
1.18
Ref.

0.87

1.17
1.11

1.01
1.21
0.99

0.66
1.74
3.07
Ref.

1.26

1.24
1.43

1.21
Ref.

0.80
244
4.79
10.47
Ref.

1.19

1.17
1.14

OR

1.39

1.23
1.14
Ref.
0.051

0.79

0.90
0.90

0.83
0.79
0.78
Ref.

<0.001
1.03
1.17
1.88
Ref.
<0.001
1.14

0.89
1.24

1.10
Ref.
<0.001
0.70
1.72
2.88
4.36
Ref.
<0.001
1.36

1.16
1.08
Ref.
0.042

95% Cl

1.09

0.96
0.89

0.72

0.74
0.82

0.75
0.65
0.73

0.89
1.11
1.63

1.05

0.80
0.84

0.92

0.63
1.61
2.67
3.99

1.10

0.93
0.87

1.76

1.58
1.45

0.86

1.09
0.99

0.91
0.96
0.84

1.19
1.24
217

1.24

0.98
1.82

1.33

0.77
1.83
3.11
4.77

1.68

1.44
1.34

OR

1.2

0.87
1.24
Ref.
0.004

0.87

0.87
1.01

0.96
1.15
0.90
Ref.

0.028
1.39
1.04
1.62
Ref.
<0.001
0.96

0.79
1.11

1.09
Ref.
0.006
0.78
1.39
1.98
2.64
Ref.
<0.001
1.17

0.84
1.21
Ref.
<0.001

95% ClI

0.99

0.71
1.03

0.77

0.68
0.90

0.85
0.92
0.83

1.19
0.97
1.36

0.86

0.70
0.68

0.87

0.70
1.29
1.80
2.34

0.99

0.70
1.02

1.45

1.06
1.5

0.97

1.12
1.14

1.07
1.43
0.98

1.63
1.11
1.94

1.06

0.90
1.81

1.36

0.87
1.50
219
2.97

1.39

1.00
1.44

OR

1.03

1.10
1.14
Ref.
0.193

0.94

0.92
0.98

0.96
0.86
0.98
Ref.

0.759
1.18
1.25
1.93
Ref.
<0.001
0.96

1.26
1.28

1.42
Ref.
<0.001
1.05
1.09
1.29
1.27
Ref.
<0.001
1.06

1.13
1.14
Ref.
0.114

95% Cl

0.90

0.97
1.00

0.86

0.75
0.88

0.87
0.69
0.91

1.03
1.18
1.65

0.87

1.14
0.83

1.19

0.97
1.02
117
112

0.93

1.00
1.01

1.26
1.30

1.04

1.14
1.09

1.06
1.07
1.05

1.36
1.33
2.24

1.06

1.39
1.98

1.70

1.14
117
1.42
1.45

1.20

1.28
1.29

(Continues)
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TABLE 4 (Continued)

Gestational

Gestational diabetes

hypertension

Preeclampsia Preterm birth <37 gw

OR 95% ClI OR
Food and confounder-adjusted model®?

Fruits and 0.99 0.88 1.11 0.97

Vegetables

p 0.855 0.532

Red and 1.18 0.76 1.83 0.91

processed meat

p 0.471 0.657

Discretionary 0.91 0.75 112 1.03

foods

p 0.375 0.719
Regions Northern 0.88 0.67 1.16 1.38

Finland

Western Finland  0.86 0.65 1.14 1.16
Eastern Finland 0.84 0.63 1.11 1.11

Southern Finland  Ref. Ref.
p 0.599 0.066
Nutrient and confounder-adjusted model*®

Fiber 1.07 0.96 1.18 0.90

p 0.227 0.022

Saturated fatty 0.89 0.78 1.03 1.12

acids %

p 0.115 0.074

Folate 0.99 0.98 1.00 1.01

p 0.068 0.096

Salt 1.00 1.00 1.00 1.00

p 0.109 0.237
Regions Northern 1.06 0.78 1.45 1.11

Finland

Western Finland ~ 0.99 0.78 1.27 1.06

Eastern Finland 0.82 0.65 1.05 1.20

Southern Finland  Ref. Ref.

p 0.391 0.355

Note: Analyses: Generalized linear mixed model.
Abbreviation: GW, Gestational weeks.

95% ClI OR 95% ClI OR 95% Cl

0.87 1.07 1.00 091 109 101 095 1.08
0.912 0.663

0.61 1.37 116 0.83 162 1.29 1.02 1.62
0.371 0.031

0.86 1.24 0.97 0.84 113 0.99 0.89 1.09

0.731 0.812
1.09 1.75 115 095 138 1.03 091 117

0.91 149 0.81 0.67 099 110 097 1.24

0.87 143 117 096 141 1.09 0.96 1.23
Ref. Ref.
0.002 0.404

0.83 099 098 090 1.06 097 0.92 1.03
0.582 0.354

0.99 1.26 0.94 0.84 1.06 0.95 0.88 1.03
0.298 0.235

1.00 1.01 1.00 099 1.01 1.00 0.99 1.00
0.707 0.646

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.294 0.268

0.85 144 116 091 148 1.04 0.88 1.24

0.87 1.30 0.84 070 1.01 112 099 1.27
0.98 146 1.18 099 142 112 0.99 1.28
Ref. Ref.

0.008 0.164

2Analyses were adjusted for age, socioeconomic status, tobacco smoking, and BMI.

bContinuous variables.

specific areas in Eastern and Southern Finland, without including any
Western regions. Nonetheless, according to both studies, obstetric
complications related to high blood pressure are more prevalent in
the Northern and Eastern parts of Finland, even after accounting for
most relevant risk factors, such as maternal age, smoking, and BMI.
The prevalence of GH and preeclampsia has markedly decreased in
Finland since the study by Kaaja et al.,?® which reported significantly
higher rates compared with our findings. This difference may reflect

a general decline in cardiovascular disease mortality27 or differences

in study design, as their study was a survey conducted in selected
regions.

The finding of increased odds for GH and reduced odds for pre-
eclampsia in the Western region compared with the Southern region
is somewhat unexpected. The result related to GH may be coinci-
dental, as it is not statistically significant. Additionally, more severe
preeclampsia might be diagnosed with greater consistency than GH.
Finally, the elevated blood pressure observed in the Western re-

gion could potentially be explained by a slightly higher median BMI,

85Us017 SUOWWIOD aAIea1D) 8|qeot|dde ays Aq peusenob a1e 9ol VO ‘88N JO S9INI 10 A%Iq1T8UIIUQ A1 UO (SUOTPUOD-PUR-SWBIALI0O" A3 1M AeIq 1 BUI|UO//SdIY) SUONIPUOD PUe SWS | 81 89S *[S202/20/£0] U0 ARiqi8uljuo AB[1M ‘Pi1Suoiedlidnd IIPSIA Wwioepona Aq G20ST'SBoe/TTTT 0T/I0p/woo 48| imAriqijeutiuoukBaoy/sdny wouy pepeojumod ‘. ‘SZ0Z ‘ZT#0009T



PELLONPERA ET AL.

FIGURE 1 Prevalence of gestational

Gestational hypertension

Pre-eclampsia

hypertension and preeclampsia in the 70°N - 70°N -
cardinal direction regions of Finland in Prevalence (%) Prevalence (%)
2013-2017 (n=109 306). 68°N - 8 68°N - 5.0

66°N - 7 66°N - 4.5

64°N - 64°N - 4.0

6
62°N - 62°N - 3.5
60°N - %5 5 60°N - 3.0

20°E 25°E 30°E

Fiber
70°N -
g/ 2000 kcal

68°N - 21.5
66°N - 20.5
64°N - 19.5
62°N - 18.5
60°N - 17.5

20°E 25°E 30°F

FIGURE 2 Mean fiber content per estimated daily energy intake
(2000kcal) in the food purchases of Finnish loyalty card owners at
child-bearing age between September 2016, and December 2017
(n=3937).

which is more strongly associated with an increased risk of hyper-
tension than with preeclampsia.

Among the nutrients investigated, the areal amount of fiber con-
tentin the purchased foods was notably associated with reduced risk
for GH. This observation aligns with previous research, as several
studies have reported a correlation between higher fiber intake and
a lower occurrence of GH and preeclampsia.?®~3° Several pathways
of action have been proposed to explain this finding. Dietary fiber
may play a role in reducing LDL cholesterol and triglyceride uptake,
improving insulin sensitivity, and reducing energy intake through in-
creased satiety.zg'31 Worthy of attention is that fiber intake is lower
than the recommendation in all Nordic as well as most high-income
countries.?! Diets dominated by naturally fiber-rich plant food (e.g.,
vegetables, fruits and berries, nuts and seeds, and whole grains) are
generally lower in energy and higher in micronutrients compared
with diets dominated by animal food. Encouraging an increase in
fiber intake could therefore both support weight management and
help prevent GH.

More purchases of red and processed meat were observed in
areas with a higher risk of preterm delivery before 37 gestational
weeks in our study. Previous research on the relationship between
meat consumption and prematurity has shown some inconsisten-
cies; however, several studies have indicated that diets low in red
and processed meat, such as the DASH diet, could reduce the risk

20°E 25°E 30°E

of prematurity.>?> We did not observe the previously suggested as-
sociation between folate intake and prematurity,33 which could be,
in addition to the aggregated nature of the food purchases, due to
the inability in assessing folic acid supplementation in our study.
Interestingly, we found no area-level correlation between GDM and
purchased foods either. High BMI, as a relative representative of the
whole diet and energy expenditure, is a clear risk factor for GDM
and could mediate the effects of diet on GDM, rather than being
examined separately from food purchase groups.

After adjusting for SES, age, smoking, BMI, and food purchases,
a considerable portion of the regional disparities in GH and pre-
eclampsia remained. Indeed, genetic predisposition may play a
role in these regional differences, as there is a pronounced east-
to-west genetic division in Finland due to its historical positioning
between Western and Eastern spheres of influence.'” Moreover,
maternal BMI and age exhibited the strongest independent ef-
fects on the risks of GDM, GH, and preeclampsia in our study. This
aligns with previous literature, as advanced age and having over-
weight or obesity are well-known risk factors for these pregnancy
complications.3*3°

This study encompassed a large cohort of women giving birth
across the entire region of Finland by using high-quality nationwide
MBR register data.’¢ Given the limited literature on recent geo-
graphical variations in obstetric complications in Finland, our study
contributes novel insights to this field and predicts future regional
cardiovascular morbidity. However, there are limitations to con-
sider; for confidentiality and privacy issues, some hospitals ceased
providing information on occupation during the study period, re-
sulting in a considerable amount of missing data. Nevertheless, it
is unlikely that such a mechanism of missing data would introduce
significant bias. Importantly, it remains unknown whether regional
differences existed in the percentage of individuals who agreed to
share their food purchase data, which could result in selection bias.
Additionally, the characteristics of women in the MBR and loyalty
card data do not fully align, indicating the imprecision of food pur-
chases as a proxy for the diets of women in the MBR. As this is
a register-based study, the results indicate regional associations
rather than causality, and adjustments for all potential confound-
ers, such as overall healthy lifestyle, cultural habits, and income,
were not feasible.

Utilizing data on food purchases offers larger datasets and
complementary means of assessing dietary habits compared with
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traditional methods such as food diaries, which have been criticized
for their accuracy and self-reported nature.®” Our approach com-
bining diverse datasets allowed us to explore obstetric complica-
tions and contributing factors from a novel perspective. However,
a limitation of our study is that we could only analyze regionally
aggregated purchase data rather than individuals' purchases, and
the data were derived partially from two-adult households. Further,
we acknowledge that the retailer's dataset does not include data on
eating-out patterns, which may influence the overall dietary quality.
Nonetheless, we previously addressed this issue by comparing pur-
chases with each cardholder's dietary habits, as evaluated through
a concise food frequency questionnaire.*? It is noteworthy that we
observed correlation coefficients of comparable magnitude to those
found in previous studies comparing food diaries with frequency
questionnaires.38'39 Additionally, it appears that food purchasing
patterns vary depending on the level of loyalty, which must be con-
sidered when using loyalty card data.'® Therefore, we only included
customers with a self-reported loyalty level of at least 40% in our
study. Loyalty card data offer a cost-effective means of reaching
large and diverse population groups, including those that may be dif-

ficult to access through other methods.*

5 | CONCLUSION

While the incidence of cardiovascular disease risk factors and mor-
bidity have declined in Finland over recent decades, regional dispari-
ties remain.»* Our study reveals that regional differences in Finland
are also evident in the varying rates of obstetrical complications,
such as GH and preeclampsia. Although BMI, age, and smoking
strongly affect the risk of examined pregnancy complications, they
do not account for the geographical differences found. Although not
examined in this study, genetic predisposition40 and the quality of
healthcare services may influence the findings, alongside the fiber
content of food purchases. To overcome these barriers, the usual
high motivation of pregnant women should be utilized to reduce the
risk factors of pregnancy complications through lifestyle interven-
tions, especially in high-risk areas. Efforts to reduce the risk of hy-
pertensive disorders of pregnancy may help lower the prevalence
of cardiovascular morbidity in the future. This could be particularly
relevant in regions of Finland with the highest prevalence of hyper-
tensive disorders later in life.
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