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Outline

* Brief presentation of the Norwegian Institute of
Public Health (NIPH)

 Tools for research and health surveillance on
the population level

* Hip fractures in Norway: Examples from a
research area with available high-quality

individual-level national data based on large
data linkages
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The NIPH is one of several agencies of the
central health administration of Norway

Norwegian ® Norwegian
- Directorate Institute of
of Health Public Health

Pollcy Knowledge Supervision

Vision: A healthier population
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Our tasks are distributed on five main activities

e Health surveillance | Domain for Mental and
. Physical Health in the NIPH
Research - Health statistics

Chronic disease epidemiology
: Pharmacoepidemiology

* Services Mental health

* Preparedness Alcohol and drug research
(from 2016)

e Advice
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Tools and infrastructure for research

* National health registries
* Nationwide and regional population-based health studies

* Biologic samples, anthropometric measures, clinical
examinations, questionnaire data

 Demographic data from Statistics Norway
* Biobanks and laboratory-based methods

* Information technology
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National health registries

The NIPH is responsible for 9 of the 16 mandatory
national health registries, covering:
e Causes of death

e Births

* Pregnancy termination

e Cardiovascular diseases

* Prescription medications

* |[nfectious diseases

* |[nfections in health institutions

* Microbial resistance to antibiotics
* Vaccination




National ID number

* All residents of Norway are allocated a personal
national ID number, which they keep for life

 The ID number consists of 11 digits, of which the
first six digits indicate the person's date of birth

 The ID number is the key to link individual-level
data from different registers and other data
sources




Examples from a field where we have
high-quality individual-level national
data for research and health surveillance
based on large data linkages

Photo: F. Frihagen, Acta Orthop Suppl 2009
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Leading causes of disability-adjusted
life-years (DALY) in Norway 2013
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Bone health through life
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Hip fractures

* Proximal femur fractures

* International Classification of
Diseases (ICD) codes:

—|CD-9: 820 with all subgroups
—|CD-10: 572.0, S72.1 and S72.2




Hip fractures occur from falls
combined with bone fragility

A multifactorial health problem
— Ageing
— Fall risk
— Sarcopenia; reduced muscle mass and strength
— Osteoporosis; reduced bone mass and strength
— Poor nutritional status
— Comorbidity
— Use of medications
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NOREPOS (Norwegian Epidemiologic Osteoporosis
Studies) is a national research collaboration network of

oy~

researchers from five different scientific institutions across
Norway. We perform epidemiologic research in the field of
osteoporosis. The collaborating institutions in NOREPOS
are: University of Bergen (UiB), University of Tromsg
(UiT), Norwegian University of Science and Technology
(NTNU), University of Oslo (UiO), and the Norwegian
Institute of Public Health (FHI). The collaboration has
existed since 1997. The project is led by Professor Grethe
S. Tell, Department of Public Health and Primary Health
Care, University of Bergen. Eight senior researchers,

) NOREPOS is an osteoporosis research collaboration

two from each geographical location, constitute the
members of the NOREPOS steering committee. NOREPOS received a large grant from the Research Council of
® Norway in 2008.

We use data sources from large population-based studies in Norway where bone mineral density measurements
have been performed. Hip fractures constitute an important endpoint in our research. We have now collected all



Descriptives: Incidence

- Time trends

- Risk of subsequent fractures
- Excess mortality

- Geographic variation

- Seasonal variation

Modifiable risk factors:
- Body composition I SLAVAE)

o
SR manceg y
el ‘ \I

— N
x‘\',m ddunny
.
>

AR
¥
v
?

v
"
v

G

- Drinking water quality -

1%

- Nutritional factors - =R




Descriptive information: /~

. Statistics Norway

- Incidence rates Socioeconomic
. d hi d

- Time trends i

- Geography
. NOREPOS Hip
- Mortality fracture
database

Hip fractures
\_ 1994-2013 )

AN

Person registry

Country of birth,
date of death or
emigration




Annual number of hip fractures in
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Incidence rates of hip fractures in Norway
1999-2008 (NOREPQOS), age 50+

Age-standardized rates: New cases per 10,000 persons per year
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Incidence rates by age

700 - Hoftebrudd etteralder

600
Mean age at fracture:

500 - 81.8 years in women

=]

=

= 78.8 years in men

a

1400 .

= 1 Note!
i300 Kvinner Women
E m— e NN Men

= 200

50-54 55-59 60-64 65-69 70-74 75-79 B0-84 B5-88 90+
Alder

% NIPH Omsland et al., Eur J Epidemiol 2012




Population (millions)

Ln
o

| 0v0T
4
9€0¢
0T
€0t

0€0c¢

4
—i
o
AN
]
=
7))
o
| -
o
(@F
o
()
i
n
@)
0
>
c
(@)
©
=
o
©
(e
L
7))
=
@)

8¢0¢

9¢0¢

ear

o>

(44014

(women 65+)

0¢0¢

810¢

910¢

v10¢

¢10¢

=re=Norwegian decline

==Constant

0T0¢

800¢

Forecasting the burden of hip fractures

(spuesoyl) sainiyoes) diy jo Jaquinn




Cumulative incidence of second hip fracture
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Excess mortality after hip fracture

Standardized mortality ratios (SMR) in Men and
Women
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Geographic differences within Norway

1988-1989: Incidence rates in the capital Oslo were 50% higher than
in the rural county Sogn og Fjordane

% NIPH Falch JA et al., Bone 1993



Standardized incidence rates of
hip fracture according to county, women

Same pattern in men
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Degree of urbanization

Women

Age adjusted 95% CI
rate ratio
Rural 1,00
Semi-rural 1,05 1,03 1,07
Urban 1,10 1,08 1,13

% NIPH Omsland TK, unpublished data



Seasonal variation: Higher risk in
winter than summer

But also summer incidence is very high in Norway
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Risk factors: Body composition

Two types of anthropometric measures
correlated with fat mass

- Body mass index

- Waist hip ratio




Data linkages,—\. SN

| Height and weight StatI.StICS Nor\A.lay
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Cohort of 1963-1989 demog-raphlc and
Norway family data
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Cohort of Norway linked to hip fractures

* 10 regional health studies 1994-2003

e Standardized anthropometric AW
measurements: Height, weight, waist Al
and hip circumference

e 43,000 men and women aged 60-79

* Followed up to 2008

— Median 8.2 years
— 2,400 incident hip fractures

* Cox regression
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Higher body mass index is protective
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Higher waist-hip ratio is harmful
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Body mass index and waist-hip ratio

Estimated hazard ratios for hip fracture at given levels of BMI and waist-hip ratio

Hazard ratio
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Findings summarized, body
composition

* The risk of hip fracture is lower with higher
BMI, but this levels off at BMI about 27
kg/m2 in men

 Abdominal obesity is independently
associated with increased risk of hip
fracture, also at lower BMI
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Risk factors: Drinking water quality

e Soft surface water >85 %
— Low pH (rain)
— Low in minerals ‘» ol
* Groundwater <15 % Ba e ¥

— More minerals, but lower than other European
countries, and below recommendations

Groundwater vs. surface water in Norway:
Calcium: 14.5 vs. 3.6 mg/I
Magnesium: 2.5 vs. 0.7 mg/I

% NIPH



Data linkages VRN

Statistics Norway

| Socioeconomic,

| Cohort of demog-raphic and
Norway family data
10 regional
health studies |
1 Ny ( NOREPOS Hip Norwegian
| 1994-2003 fracture / Waterworks
database Register

Hip fractures
\ 1994-2013 /

Person registry

Country of birth,
date of death or
emigration




Data sources

Trace mineral project

(2-4 measurements)

1986-1991

Population censuses
1960-2001
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Water measurements;
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Findings summarized, drinking
water quality

e Slightly lower pH in drinking water (pH 6-7) was associated
with more self-reported forearm fractures

 Magnesium in drinking water wias associated with higher
risk of hip fracture

 Cadmium in drinking water was associated with higher risk
for hip fracture (in men)

* Lead in drinking water was associated with higher risk of
hip fracture in the older (65-85 years)

Dahl C. Doctoral Thesis, University of Bergen, 2014



Risk factors:
Fat-soluble vitamins: A, D, E, K




Vitamin D: Well studied but
modest role in fracture prevention

Vitamin D and vitamin D analogues for preventing fractures
associated with involutional and post-menopausal
osteoporosis (Review)

Avenell A, Gillespie W], Gillespie LD, O’Connell D

THE COCHRANE
COLLABORATION®




Vitamin K: Activation of mineral-
carrying proteins in bone

Carboxylation of proteins
(@) (@)
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COOH  vitamin k GO
Glutamic acid y-carboxyglutamic
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(Strong binding
affinity with Ca%*)
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Vitamin E (alpha-tocopherol):

Fat soluble plant substance with
antioxidant capacity; possible anti-
inflammatory actions also in bone
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Preformed retinol (vitamin A): Harmful?

Ann Intern Med 1998; JAMA 2002; N Engl J Med 2003; Am J Med 2004



Although retinol has not always been
associated with poor skeletal health [75], 1t 1s best to avoid
cod liver oil and other concentrated fish products as sources
of vitamin D due to the higher vitamin A content.

JW, Osteoporos Int 2013;24:771-7/86
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Risk of hip fracture across serum 25-hydroxyvitamin D

Justert for alder, kjonn, studiested og BMI
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Increased risk at low levels of both
vitamins D and K

Table 4: Hazard ratios with 95% confidence intervals for combined groups with s-vitamin K; > or < the
median and 25(OH) D > or < 50 nmol/L.

Cases (n) HR"® 95% CTI* p* HR" 95% CI” p®
High K, High D 305 1 (ref) - 1 (ref) -
High K, Low D 201 0.97 0.76 —1.24 0.80 1.09 0.84-1.42 0.50
Low K, High D 304 1.17 094 - 1.46 0.16 1.12 0.88 - 143 0.35
Low K, Low D 279 1.50 1.18 =1.90 <0.001 1.41 1.09 -1.82 0.009

» Base model (adjusted for age, sex and study site)
P Extended model, a) additionally adjusted for BMI, smoking, triglycerides and a-tocopherol

% NIPH Finnes TE et al., Osteoporos Int 2015




No increased risk at high retinol

Model includes age, gender, study center, BMI, smoking, physical inactivity, self-rated health, vit. D and E
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Holvik et al., Am J Clin Nutr 2015



Independent strong inverse association with
vitamin E

o \ o /
\ - I~
X . Men ST Women /
\ h !
AN ) /
3 k p (linear) <0.001 3 *.. P (linear)=0.003 /
9 Ay
g
o C |
E -
N
I

0.7

0.5

10 20 30 40 50 60 10 20 30 40 50 60 70
alpha-tocopherol (umol/l) alpha-tocopherol (umol/l)
HR 1.20 (95% CIl 1.02-1.42) HR 1.10 (95% CIl 1.02-1.19)

per 10 ymol/L lower serum vitamin E

Holvik et al., Osteoporos Int 2014



Findings summarized, vitamins

Middle and high serum concentrations of vitamin
D and vitamin E (alpha-tocopherol) Is associated

with reduced risk of hip fracture compared to low
concentrations

Contrary to expectations, high serum

concentrations of vitamin A (retinol) were not
associlated with increased risk of hip fracture
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Thank you for listening
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