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Summary

Background

The burden of cardiovascular disease (CVD) differs between ethnic groups. Information from
Norwegian health studies has shown that immigrants from South Asia have a high prevalence of
diabetes, abdominal obesity, high levels of triglycerides and low levels of HDL. This is in agreement
with international studies reporting a high risk of CVD in South Asian populations, particularly
coronary heart disease (CHD). The incidence and mortality of CVD has, however, not been studied
among immigrants in Norway. Our knowledge about cardiovascular risk factors is largely based on
information from European populations, and very few studies have examined the prospective
relationship between conventional risk factors and later CVD in populations of other ethnic
backgrounds. Total risk prediction models are recommended by international guidelines to inform
treatment decisions in clinical practice, and should be externally validated. We are only aware of
one study that has formally validated existing cardiovascular risk score models with measures of

discrimination and calibration in South Asians.

Objectives
The overall aim in this project was to study the burden of CVD among immigrants in Norway, and to
study the prospective relationships between major risk factors and subsequent CVD among South

Asians and Europeans. Our specific aims were:

1. To describe the burden of acute myocardial infarction (AMI) and stroke in immigrant
groups living in Norway (paper 1).

2. To prospectively study the relationship between conventional risk factors and later CVD
in South Asians compared with Europeans in Norway and New Zealand, and to study to
what extent the risk factors could explain any possible differences in the risk of first
CVD events between the ethnic groups (paper2).

3. To examine the validity of the Framingham cardiovascular risk score for predicting risk
of CVD in South Asians compared with Europeans (paper 3).

4, To assess the additional role of obesity and social deprivation on the risk of CVD in

South Asians compared with Europeans (paper 3).

Subjects and methods
Data for paper 1 came from the Cardiovascular Disease in Norway (CVDNOR) project which enabled

us to study the whole Norwegian population during 1994-2009. Information about CVD outcomes
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were obtained from all Norwegian hospitals and the Cause of Death Registry. Country of birth was
used to indicate ethnicity. We calculated age-standardized AMI and stroke event rates and used
Poisson regression to calculate rate ratios (RRs) with ethnic Norwegians as reference. In paper 2,
we used information from a New Zealand (PREDICT) and a Norwegian (CONOR) cohort. Cox
regression was used to study the prospective relationships between major cardiovascular risk
factors and subsequent CVD events identified through hospital and mortality data for South Asians
and Europeans in both countries. Cox regression was also used to study the contribution of the
conventional risk factors for the increased risk of CVD in South Asians versus Europeans. In paper 3,
we used an updated version of the New Zealand PREDICT cohort and included participants of Indian
and European self-reported ethnicity. We examined the discriminative abilities of the Framingham
5- year risk score using the area under the receiver operating characteristics curve and calculation
of Harrell’s C. We measured calibration graphically in a plot of predicted minus observed event
rates (life table) within deciles of predicted risk. Cox regression was used to study the role of body

mass index and social deprivation with and without adjustment for the Framingham risk score.

Main results

In paper 1, we found that immigrants in Norway vary in risk of CVD. South Asians had a marked
increase of both AMI and stroke compared to those born in Norway. Immigrants from Former
Yugoslavia had increased risk of AMI, and Former Yugoslavian men also had increased risk of
stroke. The lowest risk of AMI was seen in East Asians. The excess risk of CVD in South Asians
compared with Europeans was reconfirmed in paper 2 and paper 3. In paper 2, we found that the
major risk factors were positively associated with subsequent risk of CVD in South Asians and in
Europeans in both New Zealand and Norwegian data. We also found that diabetes and total
cholesterol (TC)/high-density lipoprotein (HDL) ratio explained some of the excess risk of CVD in
South Asians. The Framingham risk prediction model predicted the 5-year risk of CVD reasonably
well in Indian men in New Zealand, while it overestimated risk in Indian women and in European
men and women. BMI and social deprivation could be useful predictors in addition to a

Framingham cardiovascular risk score.

Conclusion
There are large variations in risk of CVD among immigrants in Norway. South Asians had a
particularly high risk of both AMI and stroke compared with Norwegian-born. A high risk of CVD

was also found among Indians in New Zealand compared with Europeans. The major risk factors
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systolic blood pressure, TC/HDL ratio, smoking and diabetes are positively related to later CVD in
South Asians as in Europeans. The high prevalence of diabetes in South Asians is of particular
concern in both Norway and New Zealand as it appeared to partly explain the excess risk of CVD in
South Asians. Available risk scores should be externally validated, and we have shown that a well-
known cardiovascular risk prediction model performed well in Indian men, but overestimated the

5-year risk in Indian women and in European men and women.
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Terms and abbreviations

Terms

Country of birth Country of birth mainly refers to the mother’s place of residenceat
the time she’s giving birth, as defined by Statistics Norway

(Norwegian data).

Ethnic Norwegians The term “ethnic Norwegians” refers to persons born in Norway
(synonym to “Norwegian-born”). The term is mainly used in paper
1.

European Refers to natives of Europe. Other words from the literature
which are usually used with the same meaning may be
“White”, “Caucasian” or “White of European origin”.
Caucasian is not used here since it has been recommended to

abandon the concept (1, p. 38).

Immigrant In paper 1, this term refers to persons who were born in a
country outside Norway with either one or both parents born
abroad (95% of all the immigrants and 99.8% of the South Asian
group in paper 1 had both parents born abroad and four foreign-

born grandparents).

Statistics Norway defines immigrants as persons born abroad of

two foreign-born parents and four foreign-born grandparents.

Norwegian-born Persons who were born in Norway. As for country of birth, thisis
usually defined by the mother’s place of residence when giving

birth.

South Asian Refers to persons with their ancestry in the Indian
subcontinent, including countries such as India, Pakistan, Sri

Lanka, Bangladesh, Nepal and Bhutan.
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Abbreviations

AF Atrial fibrillation

AMI Acute myocardial infarction

ASVD Arteriosclerotic vascular disease

AUC Area under the receiver operating characteristics curve

BMI Body mass index

CHD Coronary Heart Disease

CONOR Cohort of Norway

cv Cardiovascular

CvD Cardiovascular disease

CVDNOR The Cardiovascular Disease in Norway project

DALY Disability Adjusted Life Years, described in footnote page 11

eGFR Estimated glomerular filtration rate

GBD Global Burden of Disease

HDL High-density lipoprotein

HF Heart Failure

HR Hazard ratio

ICD International Classification of Diseases

PERM Percentage of Excess Risk Mediated

PREDICT PREDICT mainly refers to the PREDICT Cardiovascular Disease Cohort
in New Zealand Primary Care. In some cases (when indicated).
PREDICT may also refer to the web-based clinical tool used to gather
information for this cohort through New Zealand primary care.

Nz New Zealand

ROC Receiver operating characteristics curve

RR Rate ratio

SBP Systolic blood pressure

TC Total cholesterol

TIA Transient Ischemic Attack

UK United Kingdom

us United States, refers to The United States of America

WHO World Health Organization

WHR Waist to hip ratio

YLL Years of Life Lost, described in footnote page 11
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1.0 General introduction

In this section, | mainly review the literature with a special focus on the knowledge about South
Asian populations (persons originating from countries in the Indian subcontinent, such as India,

Pakistan, Sri Lanka and Bangladesh) prior to the present studies.

1.1 Cardiovascular disease (CVD)

Cardiovascular diseases (CVD) are the diseases of the heart and blood vessels, and includes
coronary heart disease (CHD), cerebrovascular disease, heart failure and peripheral arterial
disease. Myocardial infarction (MlI) (a sub-category of CHD) and stroke are two major
manifestations of CVD mostly caused by occlusion of the blood flow to the heart or brain. Stroke
can also be caused by bleeding from one of the blood vessels supplying the brain (haemorrhagic
stroke) (2). The two main pathological processes behind CVD are atherosclerosis and
thrombosis. The former involves stiffening and thickening of the arterial wall as well as the
accumulation of lipids and fibrous elements in the arteries forming atherosclerotic plaques,
while the latter involves pathological blood clot formation with over-activated haemostasis in
the absence of bleeding (3-5). Atherosclerosis develops over many years and is an inflammatory
disease of the wall of the arterial blood vessels (6, 7). The pathophysiological mechanisms
behind atherosclerosis are complex and involves immunological responses from the arterial wall
cells when being exposed to damaging stimuli (7, 8). A range of different factors can cause
damage and promote atherosclerosis including known cardiovascular risk factors (7).
Atherosclerotic cardiovascular events are often manifested via a thrombotic event (9).
Thrombosis may generally be induced by defects in the endothelium, altered blood flow or
changes in blood constituents (4). Fibrinogen, coagulation factor VII, factor VIl and von

Willebrand factor are examples of haemostatic factors that can promote thrombosis (4, 9).

1.1.1 Cardiovascular risk factors

Underlying determinants

The underlying determinants or “the causes of the causes” of CVD are the demographic,
socioeconomic, cultural and environmental circumstances surrounding the individual (2, 10).
Major forces like globalization, urbanization, population ageing and migration are thus

important determinants of cardiovascular health (2).



Conventional risk factor

In addition to age and sex, the major CVD risk factors are high blood pressure, smoking,
dyslipidaemia, and diabetes (11). These risk factors are highly related to lifestyle as most of them
are influenced by individual behaviour. Unhealthy diet, physical inactivity, tobacco use as well as
harmful use of alcohol are the most important behavioural risk factors (2). As these risk factors

are well- established they will only be discussed further in regard to South Asian populations.

The role of conventional risk factors in South Asians

Our understanding of cardiovascular risk factors is mainly based on studies performed in
populations of European descent. When we planned the present study, only two prospective
studies of our awareness, had studied the prospective relationship between risk factors and
subsequent CVD in South Asian populations (12, 13). Both studies reported hazard ratios (HRs)
for the risk factor- outcome relationship among South Asian migrant populations living in the
United Kingdom (UK) compared with Europeans, and found that traditional risk factors had
similar relationships with the outcome (CHD mortality) in both ethnic groups (12, 13). Two large
and multinational case-control studies have also retrospectively studied the effect of potentially
modifiable risk factors for Ml (the INTERHEART study) (14) and stroke (the INTERSTROKE study)
(15) in different countries around the world. The INTERHEART and INTERSTROKE studies found
that the relationships between risk factors and CVD were similar in the different populations and
that nine-ten risk factors account for most of the risk of Ml and stroke worldwide (14, 15). A
case-control study from Bangalore, India, also indicate that the traditional risk factors are
important for the risk of Ml in Indians living in urban India (16, 17).

During our work with the present study, two additional prospective studies have emerged
supporting the notion of similar relationships between cardiovascular risk factors and later CVD
among South Asian immigrants living in the UK compared with Europeans (18, 19). Two other
studies from the UK also recently emerged reporting the relationship between prediabetes and
later CVD (20), and the association between different measures of blood pressure and
subsequent stroke (21). The latter study found indications of a stronger association between
blood pressure and the risk of stroke in South Asians versus Europeans (21). Table 1 gives an
overview of all the prospective studies reporting the relationship between major risk factors
(high blood pressure, smoking, dyslipidaemia and/or diabetes) and later CVD in South Asian

populations that | was able to find using pragmatic searches.
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Overweight/obesity as a risk factor for CVD

Having a high body mass index (BMI) is a risk factor for CVD (22). The association between BMI and
CVD is U- or J-shaped (23-25) with the lowest risk between BMI-values of 18.5-24.9 kg/m?, and an
increased risk of CVD at BMI-levels below 18.5 kg/m? and from 25 kg/m? and above. The World
Health Organisation (WHO) categorises overweight as BMI 225 kg/m? and obesity as BMI 230 kg/m?
(26). These categorisations are intended for international use. However, Asian populations generally
have a higher percentage of body fat, more metabolic disturbances and cardiovascular risk factors
than those of European origin of the same age, sex, and BMI (27-29). In 2004, a WHO expert
consultation therefore identified lower public health action BMI cut-offs intended for Asian
populations (27). The consultation concluded that the available data did not indicate one clear BMI
cut-off point for all Asians for overweight or obesity, and provided suggestions about how the
respective countries could make decisions about definitions of increased risk for their population.
The suggested categories for public health action for Asian populations by the WHO expert
consultation of 2004 were: <18.5 kg/m? - underweight; 18.5-23 kg/m? - increasing but acceptable
risk; 23—27.5 kg/m? - increased risk; and >27.5 kg/m? - high risk (27). In 2009, the Indian Consensus
Group also studied the available evidence and defined BMI of 23-24.9 kg/m? as overweight and >25
kg/m? as obesity for Asian Indians (30). These cut-offs have been widely used by physicians in India

although the issue is still controversial, partly because of the lack of robust data (28).

The effect of BMI on CVD is, at least to some extent, mediated through the risk factors high blood
pressure, dyslipidaemia and diabetes (24, 31, 32). Some obese patients, however, do not show high
levels of these risk factors or other factors that are usually associated with obesity, and are
sometimes referred to as “healthy obese” individuals resistant to some of the metabolic adversities
related to obesity (33). Whether obesity is a cardiovascular risk factor independent of the classical
risk factors has therefore been questioned (33, 34). Several studies, however, point to a remaining
risk of BMI after taking classical risk factors into account (35, 36). Also, the long-term results from
the Whitehall study with follow-up over two decades, support that healthy obesity is a transient
state before progressing to a more unhealthy state with metabolic abnormalities (37). On the other
hand, although BMlI-levels have increased in the Norwegian population for both genders during the
last 30- 40 years (38-40) the CVD mortality has decreased substantially during the same time period
(41).

South Asians in different countries have high levels of abdominal obesity, usually measured by waist
to hip ratio (WHR) or waist circumference, compared with Europeans and several other ethnic
groups (42-44). This also applies to South Asians in Norway and New Zealand (45, 46). Because

South Asians also appear to have increased risk of diabetes and metabolic disturbances at lower
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levels of abdominal obesity, the International Diabetes Federation (IDF) has suggested to use a
lower cut-off of waist circumference as a measure of central obesity for South Asian men (> 90 cm)
versus European men (= 94 cm). For European and South Asian women, the cut-offs are currently
the same (> 80 cm) (47). The IDF underlines that these cut-offs are pragmatic, and that better data
is needed in order to link them to risk. The INTERHEART study which covers 52 countries
representing all inhabited continents, found that waist-to-hip ratio was the strongest
anthropometric predictor of Ml (48). This was found in both genders, in all the ethnic groups, in

smokers and non-smokers, and in persons with or without dyslipidaemia, diabetes or hypertension.

Socioeconomic position and deprivation in relation to CVD

Health inequalities according to social position have been documented for centuries (49). Until the
1970’s, CHD was considered to be a disease of affluence caused by stress and an affluent lifestyle
(50). Studies from the United States (US) and the UK had shown that this was true for men in the
1930’s and 1940’s (51, 52). The Whitehall study among civil servants in London in the late 1970’s,
however, demonstrated that the social gradient had been reversed in British men (53, 54), this was
also seen in the US (55). This meant that lower CHD mortality was now associated with higher social
positions. A social gradient in cardiovascular health where better health is enjoyed by men and
women of higher socioeconomic positions (often indicated by income, education or occupation) is
now well-known and have been demonstrated in many high-income countries such as Canada, the
US, Norway and New Zealand (52, 53, 56-60). Furthermore, the social gradient implies that health
differences do not merely exist between the rich and the poor, but that the health status improves

for each step on the socioeconomic ladder (50).

The socioeconomic gradient is not necessarily present or identical among all subgroups, such as
ethnic minority groups. Findings for different groups of immigrants have been somewhat conflicting
(61-63), and earlier studies from the UK and the Netherlands did not find a relationship between
socioeconomic position and CVD in some of the ethnic minority groups that were studied (Turkish
and Moroccan men and women in the Netherlands; South Asians in the UK) (63, 64). The lack of a
(or a weak) social gradient in health among some of the immigrant groups corresponds with
observations in low- and middle income countries that many of the immigrants descend from (65,
66). Also, researchers in the US has suggested that Mexican migrants “import” their weak or flat
social gradients from Mexico and found partial support for this hypothesis in one of their studies
(67). The idea that weak or flat social gradients among immigrant groups reflect the social gradients

in their (low- or middle income) countries of birth corresponds with the “diffusion of innovation”



theory (68, 69). This diffusion theory suggests that the increased burden of CHD first affected those
in the higher socioeconomic positions in high-income countries because they were the first to
afford the unhealthy lifestyles (smoking, diets rich in saturated fats and physical inactivity). After
some time, the diseases started to spread to the lower socioeconomic groups and to poorer
countries partly as a consequence of increased living standards (as some unhealthy behaviours
require a minimum level of income) among these groups and countries, but also as a result of
imitation. When the CHD epidemic started to decline, the high socioeconomic group was again the
first to benefit as people belonging to this group had been the first to adopt healthy behaviours
(quit smoking, start to exercise and eat healthier) (68, 69). Recent nationwide registry-studies from
the Netherlands found similar socioeconomic gradients in cardiovascular health (stroke and AMI)
among several immigrant groups as for the Dutch majority population, especially for AMI (70, 71).
The researchers pointed out that this was in line with the diffusion of innovation theory as it might
indicate that the immigrants are converging towards the majority population when it comes to
socioeconomic inequalities in health (70, 71). This has not been studied on a large scale in Norway
so far, but a previous study has examined the association between self-reported socioeconomic
status and self-reported health (self- rated health, prevalence of diabetes and distress) among
Pakistanis in Norway compared with ethnic Norwegians (72). The study used data from the Oslo
Health Study 2000-2001 and found an inverse association between socioeconomic factors and
health among the ethnic Norwegian group, but not in the Pakistani group (72). Another study,
which also used data from the Oslo Health Studies 2000-2002 (including the part aimed at
immigrants), found an inverse relationship between high education and the probability of smoking

among men from all immigrant groups in the study except for men from Sri Lanka (73).

In addition to socioeconomic indicators on the individual level (such as income, education and
occupation), area-based measures also exist (74, 75). These are usually aggregated from individual
or small area data and are often based on census or other administrative databases (74). These
area- based measures can be used to characterise a living area on a continuum from deprived to
affluent. According to Peter Townsend, a well-known British sociologist, relative deprivation can be
defined as “a state of observable and demonstrable disadvantage relative to the local community or
the wider society or nation to which an individual, family or group belongs” (76, p. 125). Area-based
measures are sometimes used as a proxy to individual socioeconomic position, when individual
measures are not available. However, area-based measures relate to areas and not to individuals,
and they capture both compositional and contextual effects of material and social circumstances

(77).



1.1.2 Total cardiovascular risk prediction

The Framingham Heart Study was the first well-constructed longitudinal cohort study to investigate
and identify cardiovascular risk factors (78). The Framingham Heart study has contributed with
important information about cardiovascular risk factors and Framingham researchers discovered
that risk factors actually precede the development of disease (78). The Framingham researchers
were also pioneers in constructing multivariable risk models to predict an individual’s total risk of
CVD based on information from several risk factors (78). Because cardiovascular risk factors interact
with each other, it has been suggested that moderate reductions in several risk factors could be
more effective for risk reduction instead of large reductions in one risk factor (79). A total risk
approach to primary prevention of cardiovascular disease is currently recommended in different

countries around the world (80-82).

Most existing prediction models are based on information from European populations. As stated in
the introduction of paper 3, cardiovascular risk models should be externally validated in the
population it is applied to, to assure that they are clinically useful (83). Few studies have validated
existing models in South Asian populations. A pragmatic search using different combinations of the
following search terms “South Asians”, “risk score”, “cardiovascular”, “predicted risk” and “ethnic”
yielded four prospective follow-up studies, two retrospective case-control studies and one cross-
sectional study focusing on the performance of cardiovascular risk scores among South Asians.
These are summarized in Table 2. Although all were focusing on the performance of cardiovascular
prediction models, only one of the studies reported measures of discrimination and calibration (84).
A cross-sectional study from the US focused on subclinical atherosclerosis instead of clinical

cardiovascular events (85) applying data from a relatively young cohort study called the Mediators

of Atherosclerosis in South Asians Living in America (MASALA) (86).

An Indian research protocol published last year (2017) indicates that a validation of a Framingham
risk score as well as the development of a new risk prediction score based on samples from urban

and rural parts of India are underway (87).
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1.2 CVD Epidemiology - the global burden

CVDs are the leading causes of death worldwide and have remained so for many years (93, 94).
While the burden of CVD has declined in many high-income countries during the last decades,
some low- and middle income countries have seen an opposite trend with an increasing burden of
CVD (95, 96). The largest share of CVD deaths now occur in low- and middle income countries; in

2008 it was estimated that over 80% of all CVD deaths occurred in these countries (97).

Despite a general lack of good quality data on the burden of CVD in low- and middle income
countries (98), the Global Burden of Disease (GBD) study provides estimates of the burden of CVD
using different mortality and disability metrics for all regions of the world based on available data
sources combined with statistical computing (99, 100). The metrics presented by the GBD study
include mortality rates, years of life lost (YLL'), disability-adjusted life-years (DALYs?) and age-
standardized prevalence measures among others (99). The estimated global number of CVD cases
in 2015 was 422.7 million. The regional burden vary for the different cardiovascular conditions. For
example, Eastern Europe had the highest estimated age-standardized prevalence of coronary heart
disease in 2015, followed by Central Asia and Central Europe, while the highest age-standardized
prevalence of stroke was found in Oceania, followed by Eastern Europe, Central Asia and Southeast
Asia (99). It should be noted that there is limited health data on CVD in some regions of the world
despite the available GBD estimates, such as in India and sub-Saharan Africa (99). This means that
when data is limited, some of the provided GBD estimates are, to a larger extent based on
extrapolations and assumptions rather than real data (101). In India, for example, there is no
adequately functional system for the reporting of causes of death, and The Medical Certification of
Cause of Death system under the Office of the Registrar General of India only covered 22% of

Indian deaths in 2015 (102).

1.2.1 Incidence of CVD in Norway and New Zealand

Recent analyses have shown a decline in the incidence of first acute myocardial infarction (AMI)

during 2001-2014 in Norway (103, 104), and improved 28-day and 1-year survival after first AMI

1The YLL measure is a measure of premature mortality which takes into account the age at which deaths
occur, by giving greater weight to deaths at younger age and lower weight to deaths at older age. It is
calculated by multiplying the number of deaths with a standard life expectancy for the age the deaths occur.
2The DALY measure combines time lost due to premature death and time lived with disability. One DALY can
be thought of as one lost year of ‘healthy’ life. The measured disease burden reflects the difference between
a population’s health status and the health status of a normative reference population.
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during 2001-2009 (105). In those younger than 45 years, a stagnation in the AMI incidence was
observed for the years 2001-2009 (104), but after 2009 a decline was also evident in this young
age- group (104). A study based on data from three health surveys (carried out in 1994-1995, 2001-
2002 and 2007-2008) in Tromsg, Norway, found that the decline in the incidence of CHD was driven
by fewer out-of-hospital sudden death and hospitalized ST-segment-elevation MI. Furthermore, the
study found that favourable changes in modifiable risk factors accounted for 66% of the decline in
CHD events (106). When it comes to stroke, the trend seems to be somewhat different than for
CHD with indications from the Tromsg study of an increase during the last three decades for
ischemic stroke in women aged 30-49 years, a decline in women aged 50 to 74 years and men aged
65 to 74 years, and no change was found among the oldest (107). Case fatality of ischemic stroke
declined in men during the same period, but not in women (107). For intracerebral haemorrhage,
the Tromsg study found no significant changes during the last two decades in incidence or case
fatality rates (108). The trends in temporal trends in the incidence and case-fatality of stroke has,
so far, not been studied on a national basis in Norway. Furthermore, trends in CVD have never been

studied among immigrants in Norway.

In New Zealand, the rates of first AMI hospitalisations have declined from 1995-2015 (109, 110).
Stroke rates, early case-fatality and 1-year mortality after stroke also declined in the general
population in Auckland, New Zealand, from 1981-2012 (111). However, this beneficial development
was not seen in all ethnic groups. For example, in Maori and Pacific people, non-significant
increases in stroke incidence (first-ever strokes) and attack rates (incident and recurrent strokes
combined) were found between the study periods 1981-1982 and 2011-2012 (111). South Asians

were not studied explicitly.

1.2.2 CVD mortality and trends in mortality rates

CVDs were responsible for 17.6 million deaths in 2016 according to GBD estimates (93). This is
similar to the 2015 WHO Global Health Estimates (GHE) of 17.7 million deaths (31 % of all deaths)
(94). The majority (> 85%) of all CVD deaths in 2016 was due to coronary heart disease and
cerebrovascular disease (93). While the total global numbers of CVD deaths increased with 14.5%
from 2006-2016, the age-standardized death rates decreased with the same percentage from 2006-
2016 (93). The increase in absolute numbers of CVD deaths was largely due to demographic
changes (ageing and growth of populations) while the decrease in age-standardized death rates, to
a greater extent, reflects epidemiologic changes in disease (e.g. changes in levels of risk factors)

(112). South Asia was the region with the largest estimated increase in CVD deaths in the period
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1990-2013 with >1.7 million more deaths in 2013 vs in 1990 (an increase of 97%) (112).

As in many other developed nations, CVD mortality in Norway has steadily declined from the 1970’s

when it reached its peak after the Second World War and until today (Figure 1).

CVD mortality in Norway 1970-2016
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Figure 1: Age-standardized CVD mortality rates in Norway 1970-2015. The rates are standardized
using 5-year age groups in the Norwegian population per 1981 as reference. From January 2015 the
standard population used is the Norwegian population per 1 January 2012. Source:
www.norgeshelsa.no

New Zealand has experienced a similar decline. Figure 2 shows a steady decline in CVD mortality in

New Zealand from 1970 until 2013, parallel to the decline in Norway.
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Figure 2: CVD deaths in Norway and New Zealand 1979-2015. Age-standardized using the WHO
world standard population. Source: WHO Mortality Database at
http.//apps.who.int/healthinfo/statistics/mortality/whodpms/

The reasons for the marked decline in CVD mortality in Norway, New Zealand and other high-
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income countries could be due to a decline in the incidence/event-rates as a consequence of
improved risk factor levels or it could be due to better survival of acute cardiovascular events as a
result of better treatment and secondary prevention. The IMPACT model (113) aims to quantify the
relative contribution from risk factors or treatment to the reduced CHD mortality. The IMPACT
model has not been applied in Norway so far, but it has been used in several other countries
including New Zealand (114-120). In the New Zealand study where the IMPACT model was applied,
it was found that almost half of the decline in CHD mortality rate in Auckland during 1982-1993
could be attributed to medical therapies, and about another half could be attributed to reductions
in major risk factors (114). The WHO MONICA (monitoring trends and determinants in
cardiovascular disease) Project has found that in populations where CHD mortality was declining
from the 1980’s to the 1990’s, change in coronary- event rates contributed twice that of trends in

case fatality to the change in CHD mortality (121)

Levels in total cholesterol (TC), blood pressure and smoking rates have declined in Norway in recent
decades, while the prevalence of overweight and type 2 diabetes have increased (40, 106, 122-
124). Although the prevalence of diabetes is increasing, a recent nationwide cohort study showed
that the incidence of type 2 diabetes decreased from 2009 to 2014 (125). In a Norwegian study
from Tromsg, it was found that during 1995-2010, reductions in the incidence of CHD contributed
with 43% and reductions in case fatality contributed with 57% to the decline in CHD mortality (106).
Reductions in risk factors during 1994-2008 contributed with together two thirds of the 51%
decline in incident CHD during 1995-2010, of which reductions in cholesterol contributed most
(32%) (106). These quantifications of the different contributions may not be generalizable to
Norway as a whole, but they clearly indicate that the decline in CVD mortality in Norway is due to a
combination of improvements in risk factors as well as better treatment and secondary prevention

of acute events.

Epidemiologic transition

The shift from nutritional deficiencies and communicable diseases towards chronic non-
communicable diseases as the most common causes of death has been described as “the
epidemiologic transition” (96, 126, 127). This transition is driven by changes in demographics,
economics and social structures (128). Many high-income countries, including Norway and New
Zealand, experienced this transition following the industrial and technological advancements of the
19'" and 20" centuries. These advancements led to improvements in several public health

measures, including nutrition and sanitation (128). Most high-income countries are now in the
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fourth stage of the epidemiologic transition where efforts to prevent, diagnose and treat CVDs
have managed to delay the onset of these diseases to more advanced stages (126, 128). Some low-
and middle income countries are still in earlier stages where infectious diseases are still prominent,
but are gradually being replaced by non-communicable diseases as the most common causes of
death (126). Limitations to “the epidemiologic transition” theory have been pointed out (100) as
not all countries seem go through the stages of the transition that was first described by Omran in
1971 (127). For example, countries in Eastern Europe and Central Asia have experienced a rise in
CVD as well as in maternal and communicable diseases since 1990. This phenomenon, when some
low- and middle- income countries acquire the challenges of later stages of the transition without

resolving the challenges of the earlier stages, has been termed “the double-burden” (100).

Moreover, countries might not find themselves in only one phase of the epidemiologic transition. A
GBD study recently documented large variations in the epidemiological transition levels across
different states in India (102). Also, a recently published nationally representative study in India
found large variations within the country regarding the prevalence of diabetes and hypertension
and an unexpectedly high prevalence of hypertension among young adults (129). The prevalence of
diabetes was higher in urban and Southern states, and variations in the age-standardized
prevalence of diabetes ranged from 2.3% [95% Cl, 2.0%-2.8%] in women living in Madhya Pradesh
t0 17.9% [95%Cl, 15.4%-20.7%] in men in Goa (129). Although India and China do not have the
highest prevalence rates in the world, India and China are the two countries with the highest

numbers of people with diabetes (130).

Some regional differences related to CVD mortality

The leading cause of YLL in India in 2016 was coronary heart disease whilst in China it was
cerebrovascular disease (93). In East and South-East Asia, several countries (China, Indonesia,
Vietnam and South Korea) have twice as many people dying from stroke than from coronary heart
disease (100). A high number of stroke deaths is also seen in sub-Saharan Africa. (128). In 2013,
estimates from the GBD study found that the risk of dying prematurely due to CVD was highest in

Central Asia, followed by Eastern Europe (100).
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1.3 Migration and ethnicity in relation to cardiovascular health
1.3.1 Migration

The driving force behind multi-ethnic societies is migration (1, p.92). Migration can be defined as
the “movement of people to a new area or country in order to find work or better living conditions”
(131). Migration involves change of residence that can be of more or less permanent character. It
implies a change in living conditions, which often represents changes in lifestyles with implications
(both positive or negative) for health (132). The linkage between health and migration is complex
and influenced by a range of factors, such as the migrants’ socio-economic and cultural
background, the persons’ history of health, access to health care (and the quality of this) before
moving, circumstances around the migration, as well as the social and health characteristics related
to re-settlement in the new country (133). Migration is also considered a health determinant in its
own right (134). Some post-migration factors that are important for health are the possibilities to
work, general living conditions, access to health care, possibilities to stay in contact with family and

friends as well as language skills in the new country (133).

Migration leads to the mixing of populations and has great effects on society for both infectious
and non-infectious diseases (1, p. 92-93). Migration can be either forced or voluntary (133) and the
drivers are many (135). When discussing ethnic differences in health, mechanisms such as
selection, cultural adaptation, and social status differentials may be relevant. These mechanisms
are also often related to factors such as reasons for migration, length of stay, age at migration and

sending country characteristics (136).

Immigrants may also be exposed to discrimination in the host country, which may affect health in
different ways. Discrimination involves systematic unfair treatment and exists in many forms (137).
Both Norway and New Zealand do relatively well regarding immigrant’s opportunities for taking
part in society compared to other countries as measured by the MIPEX indicator (138). However,
immigrants in Norway are more often overqualified in their jobs compared with the rest of the
population (139), and having a foreign name versus a typical Norwegian name makes it more
difficult to get a job (140). Also in New Zealand, a study found indications of discrimination based

on the applicant’s ethnicity in hiring decisions (141).

Selection mechanisms and the healthy immigrant effect
Lower mortality among immigrants as compared to the host population has been documented in
Norway, New Zealand, North America (the US and Canada) and several other countries (136, 142-

147). The phenomenon of immigrants having a health advantage compared with the host
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populations was at first considered paradoxical since immigrants often tended to have lower
socioeconomic status, come from poor countries and have poorer access to healthcare than native-
born (145). Explanations for the mortality advantage has been sought and factors like health

screening by the authorities in the host country before immigration and lack of data/statistical

artefacts as well as selective return-migration of the unhealthy (often referred to as the “salmon
bias”) have been proposed to influence the observations of lower mortality among immigrants
(148). “The healthy migrant hypothesis” or “the healthy immigrant effect” suggests, however, that
there are self-selection mechanisms in out-migration; the healthiest choose to (and have the ability
to) migrate and so immigrants are often more healthy and resourceful than most people in their
countries of origin (148, 149). In Norway, lower mortality was recently found among immigrants
coming for work or education purposes, and also among refugees (although refugees had a higher
death risk than the work/education-immigrants) (136). The role of the salmon bias as an
explanation for the low mortality observations among immigrants has gained limited support (150-
153), and studies have also shown some mixed results for the healthy migrant effect (148, 154).
However, the healthy migrant effect seems to be most evident and consistent among newly-arrived
immigrants in the working age rather than among children, adolescents and the elderly (155, 156).
Over some generations, the migrant populations usually converge towards the pattern of disease of
the host country (1, p. 93). This was also found in the recent Norwegian study where the mortality
advantage in newly arrived immigrants declined with increasing length of stay (136). Such a
development could be due to acculturation processes/how the immigrants adapt habits in the new
country (which could increase or decrease their risk of disease), environmental exposures in the

host country and it could also be related to negative effects of the migration itself.

1.3.2 Ethnicity and cardiovascular disease

Ethnicity is a multidimensional concept and numerous definitions exist. Professor Raj Bhopal
defines ethnicity as “The social group a person belongs to, and either identifies with or is identified
by others, as a result of a mix of cultural and other factors including one or more of language, diet,
religion, ancestry, and physical features (...)” (1, p. 311). The word ethnicity comes from the Greek
word ethnos and means nation, people or tribe. This inclusive definition implies that ethnicity is a
fluid quality, which may change over time, and consequently, that ethnicity is also an imprecise
concept. This means, for example, that Indians in Norway form a different ethnic group than
Indians in India or Indians in New Zealand although they do share some common qualities and

background.
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The Statistics New Zealand has adopted a definition of ethnicity which corresponds to the
definition of Bhopal and underlines that ethnicity is self-perceived and that people can belong to
more than just one ethnic group (157, 158). Furthermore, ethnicity is regarded a measure of

cultural affiliation, and is therefore distinct from race, ancestry, nationality or citizenship (157).

1.3.3 Immigration to Norway

Immigration to Norway accelerated slowly from the late 1960’s and gained speed from the 1970’s
(159). The first wave of immigration from countries outside Europe included unskilled labour
migrants coming from Turkey, Pakistan and Morocco. Figure 3 shows the increasing immigrant

population since the 1970’s by country of birth.
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Figure 3. Immigrants and Norwegian-born to immigrant parents, by country background

The share of immigrants in Norway per January 1 2018 was 14.1 % and Norwegian-born to
immigrant parents constituted 3.2 % of the Norwegian population (160). Immigrants in Norway
come from 221 different countries and independent states. The total number of immigrants was
746 700 in January 2018 and the ten largest immigrant groups (the latter also including Norwegian-
born to immigrant parents) were from Poland, Lithuania, Somalia, Sweden, Pakistan, Iraq, Syria,

Germany, Eritrea and the Philippines (160).
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1.3.4 Cardiovascular risk among immigrants in Norway

Before the present studies, the incidence of CVD among immigrants in Norway had not been
described. The existing knowledge was based on self-reported information about CVD and

measurements of risk factors from health surveys such as the Oslo Health Study (including the Oslo

Immigrant Health Study) carried out during 2000-2002. A higher proportion of immigrants from
low- and middle-income countries has reported about CVD in Norwegian health studies compared
with Norwegian-born (161, 162). Higher levels of low HDL cholesterol, increased triglycerides and a
higher prevalence of abdominal obesity were found among immigrants from Pakistan and Sri Lanka
compared with other ethnic groups in the Oslo Health Study (161, 163). Meanwhile, smoking was
very rare (almost non-existent) among women from Pakistan and Sri Lanka. The Oslo Health Studies
have also shown that the occurrence of diabetes is very high in immigrants from Pakistan and Sri
Lanka (164). In a study carried out as part of my master thesis where we used data from The Cohort
of Norway (CONOR — described in section 3.2 and in paper 2), we found that immigrants from the
Indian subcontinent had the lowest high-density lipoprotein (HDL) levels, the highest levels of
blood glucose, triglycerides, TC/HDL ratio, WHR and self-reported diabetes prevalence among the
eleven ethnic groups included in the study (162). This corresponds with information about high risk
of diabetes and CVD among immigrants from South Asia from international studies (165) (further
elaborated in section 1.3.7). Immigrants from the former Yugoslavia had the highest predicted 10-
year Framingham risk score among the eleven ethnic groups (including the Norwegian-born) (162).
Immigrants from East Asian countries, on the other hand, had favourable levels of blood lipids, low
levels of BMI and waist-to-hip ratio and the lowest Framingham 10-year risk score of all the ethnic
groups (162). Most immigrant groups have shown lower levels of systolic blood pressure compared
with ethnic Norwegians (161, 162), and immigrants from Vietnam have displayed lower proportions
of overweight/obesity measured by BMI and WHR compared with immigrants from Sri Lanka,

Pakistan, Iran and Turkey (45, 161).

1.3.5 Immigration to New Zealand

New Zealand has a long immigration history beginning with the first arrival of settlers from
Polynesia in the late 13%" century (although the timing is somewhat debated) (166). Europeans only
became aware that the country existed in 1642 when the Dutch Abel Tasman discovered the land
from sea. James Cook, a British explorer, rediscovered New Zealand in 1769 and was the first
European to disembark and explore the country. Cook was also the first to draw the full outline of
New Zealand on his first journey in 1769-1770, placing New Zealand on the world map (166). New

Zealand was annexed the British Empire as part of the Colony of New South Wales in 1840 (166),
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which marked the time when the Europeans began to arrive New Zealand with planned
settlements. Since then, New Zealand has had many waves of immigration particularly from the
Great Britain, France, China, the Netherlands, the Pacific Islands and later from other Asian
countries including India (167). Today, New Zealand is one of the OECD countries with the highest

foreign-born populations, constituting 22.4% in 2013 (168).

The latest available census information from New Zealand is from 2013 and showed that the largest
ethnic groups were European (74%), Maori (15%), Asian (12%) and Pacific peoples (7%)* (169).
Within the Asian group, Chinese constituted the largest ethnic group and Indians the second-largest
(170). The Indian ethnic group grew faster than the Chinese ethnic group between the censuses in

2001 and 2006 and also between the censuses in 2006 and 2013 (170).

Indians (including Fijian Indians) represented about 4% of those who stated an ethnic group in the
New Zealand population in 2013, counting 155 178 individuals (171). The number of migrants from
India to New Zealand has increased in recent years (172), and the number of Indian-born residents
more than doubled from 2001 to 2006. In 2013, approximately 56% of the Indian ethnic group were
born in India which counted 65 157 individuals (171, 172).

1.3.6 Cardiovascular risk among South Asians in New Zealand

As described in paper 2 and 3, it is only possible to identify ethnic Indians among the South Asian
ethnic group in New Zealand health statistics. Other South Asians, such as Pakistanis, Bangladeshis
and Sri Lankans are all part of the “Other Asian” group in New Zealand national health data. The
available information on health among South Asians in New Zealand is therefore mostly
represented by the Indian ethnic group. A high risk of CVD in Indians compared with the total New
Zealand population, Chinese and Other Asian ethnic groups has been found in New Zealand
hospital data (173). This increased risk was especially marked in Indian males and in particular for
CHD. In the youngest group, 25-44 years, Indian males had more than triple the risk of CHD
hospitalisations when compared with the total New Zealand population (173). Indians in New
Zealand also have an increased risk of stroke compared with the total New Zealand population, but
not as marked as for CHD (173). A previous study, based on data from the PREDICT cohort, showed
that Indians had a two- to four-fold higher burden of diabetes (50% of the Indians aged 65-74 had
diabetes), lower blood pressure measurements, lower smoking rates and that they more often live

in deprived areas in New Zealand when compared to Europeans (174). No clinically significant

3These percentages represent the proportions of people who identified with at least one of the ethnic groups
and do not add up to 100%.
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differences in mean TC/HDL ratios were found between Indians and Europeans (174).

1.3.7 High risk of CVD in South Asian populations

The South Asian region is the most populated region in Asia constituting nearly a quarter of the
world’s population (when India, Pakistan, Bangladesh, Iran, Afghanistan, Nepal, Sri Lanka, Bhutan
and Maldives are all included) (175). A large number of South Asians also live outside the Indian
subcontinent with estimates of about 3 million South Asians in the UK, 1.6 million in Canada, 1.3
million in South Africa, 3 million in the US, and relatively large populations in many other European
countries, the Middle East, Australia, and several African countries (176). South Asian populations
have been found to have a high risk of CVD, particularly CHD, in several countries when compared
to their host populations and other ethnic groups (177-181). The first report of higher CHD rates in
South Asians compared with other ethnic groups came from a study in Singapore based on
autopsies, comparing the results from post-mortem examinations in Chinese and Indian subjects,
carried out during 1950-1954 (182). Similar discoveries of higher CHD mortality rates in South
Asians were later made in the UK in the 1970’s and 1980’s (183, 184). A high risk of CVD in South
Asian populations is now well documented in the UK (12, 18, 185, 186) as well as in several other
Western European countries (179, 187, 188), and in New Zealand (173) as mentioned in the above
section. South Asians, especially when living in high-income countries, also have an increased risk
of type 2 diabetes compared to Europeans, and South Asians develop diabetes at a younger age
than their European counterparts (189). Studies have also shown that South Asians develop CVD
earlier than Europeans. For example, the large INTERHEART study found that the median age at
first myocardial infarction was 53 years in South Asia and 59 years for other regions of the world
(190). It is likely that the increased risk of diabetes in South Asians plays an important role for the
increased risk of CVD in this ethnic group. In the Indian subcontinent, there is also a high and
increasing burden of CVD (191, 192). In 2005 it was stated that India is the country in the world
with the highest loss of potentially productive years of life due to CVD deaths in the age group 35-
64 years (192).

Different hypothesis have been proposed to offer explanations for the high risk of CVD in South
Asian populations. Among these is the foetal origins hypothesis or the thrifty phenotype hypothesis
which underlines the significance of early life environmental exposures for the risk of later disease,
and propose that undernutrition in utero/early life may contribute to a predisposition to type 2
diabetes, obesity, high blood pressure and cardiovascular disease in adult life (193-195). This

hypothesis is also known as the “Barker” hypothesis as it was introduced by Hales and Barker in
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1992 (194) and arose from studies led by David Barker (196). Meanwhile, in Norway, many know
this hypothesis as the “Forsdahl-Barker hypothesis” due to the early discoveries by Anders Forsdahl
of associations between living conditions in early life and mortality from arteriosclerotic heart
disease in adult life (197). Support for the explanatory role of this hypothesis for the increased risk
of CVD inSouth Asians has been found in studies demonstrating a lower birth weight in South
Asians compared to Europeans and more adipose tissue (the “thin-fat” phenotype) (198-202).
Some of the studies also found higher levels of insulin in the cord blood when they adjusted for
birth weight (202, 203). A number of additional hypotheses have been set out to offer possible
explanations for the mechanisms behind the high risk of CVD and metabolic risk factors in South
Asians. These will not be elaborated here, but some examples are; the adipose tissue overflow
hypothesis (204), the El nifio hypothesis (205), the high-heat food preparation hypothesis (206), the
mitochondrial efficiency hypothesis (207) and a behavioural switch hypothesis (208). Another study
found that South Asians had less brown adipose tissue (209) and associated lower resting energy
expenditure than Dutch Europeans, and therefore suggested that this was an underlying
mechanism for the adverse metabolic profile in South Asians (210). In addition, there is a range of
novel risk factors that may contribute to the high risk of CVD in South Asian populations (211, 212).
Some novel risk factors that have been found to be higher in South Asians than other ethnic groups
are: fibrinogen, homocysteine, lipoprotein (a), and plasminogen activator inhibitor-1 (211). It has
been proposed that South Asians do not only have lower HDL levels, but that they also have more
dysfunctional and pro- oxidant HDL than other ethnic groups (213). The increased risk of CVD in

South Asians is not fully understood and researchers are actively searching for explanations.
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2.0 Rationale and aims

The rationale for this study was lack of information about the incidence and mortality from CVD
among immigrants in Norway. Furthermore, we are only aware of two studies (both conducted in
the UK) prior to the initiation of this study that have examined the prospective relationship
between established risk factors and later CVD in South Asians, although some additional studies
have emerged during our work with this project. As far as we are aware, only one published study
has reported statistical measures (discrimination and calibration) for the external validation of
existing risk prediction models among South Asians. Furthermore, the role of obesity and
socioeconomic factors in addition to the other risk factors in South Asians and Europeans is unclear.

This project had four aims:

1. To describe the burden of CVD among immigrant groups living in Norway.

2. To prospectively study the relationship between conventional risk factors and later
CVD in South Asians compared with Europeans in Norway and New Zealand, and to
study to what extent the risk factors could explain any possible differences in the
risk of first CVD events between the ethnic groups.

3. To examine the validity of the Framingham risk score for predicting risk of CVD in
South Asians compared with Europeans.

4. To assess the additional role of obesity and social deprivation on the risk of CVD in

South Asians compared with Europeans.

3.0 Materials and methods

Detailed methods are described in each of the papers. For the sake of completeness, | give a brief

overview here. All the papers had a prospective study design.

3.1 Data sources in paper 1

The Cardiovascular Disease in Norway (CVDNOR) project

In paper 1, we used data from the CVDNOR project which is a collaborative research project
between the Norwegian Institute of Public Health (formerly the Norwegian Knowledge Centre for
the Health Services) and the University of Bergen (214). Details on CVDNOR are given in paper 1
and elsewhere (215). In short, CVDNOR provided information about all hospital stays related to
CVD in Norway during 1994-2009. The hospital data were extracted from the patient administrative

systems in all Norwegian somatic hospitals and were further linked with other data sources, such as
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the Person Registry in Norway, The Causes of Death Registry and sociodemographic data from

Statistics Norway.

This linkage gave us a unique possibility to study the risk of AMI and stroke for the whole
Norwegian population over a 16-year period stratified by country of birth. CYVDNOR was also used

for the endpoints in the Norwegian data in paper 2.

3.2 Data sources in paper 2 and paper 3
In paper 2, we used data from two different cohorts — one New Zealand cohort (PREDICT) and one
Norwegian cohort (CONOR). In paper 3 we, used an updated version of the New Zealand (PREDICT)

cohort from paper 2.

The PREDICT cohort

The PREDICT cohort is described in paper 2, paper 3 and elsewhere (216). Briefly, the PREDICT
cohort contains data on individuals undergoing risk assessments in New Zealand primary care using
a web- based decision support software called PREDICT. The PREDICT software was first
implemented in Auckland in 2002. About 35-40% of general practices in New Zealand now utilize
this software. In paper 2 we used PREDICT data from August 2002 to September 2012, and in paper
3 we used PREDICT data from August 2002 to October 2015 (with follow-up on endpoints until
December 2015). In both papers, we used risk factor information on European and Indian
individuals. The PREDICT cohort is an open cohort which means that the cohort members were
recruited continuously throughout the study period. The cardiovascular risk profiles were linked
with national health databases including all public hospitalisations, mortality statistics, publicly-
funded drug dispensing and regional laboratory test results (216). Information about risk factors
and outcomes is given in the respective papers. The PREDICT templates that were introduced in

2004 are attached to this thesis in appendix 1.

The cohort of Norway

The Cohort of Norway (CONOR) is a collection of several Norwegian health surveys carried out
during 1994-2003 (217). In paper 2, we used data from the three CONOR surveys with the majority
of the immigrants, conducted in Oslo in 2000-2002; The Oslo Health Study (HUBRO), The Oslo
Immigrant Health Study (I-HUBRO) and The Romsas in Motion study (MoRo IlI). CONOR contains

information on health variables collected through self-administered questionnaires (the
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guestionnaire is attached to this thesis in appendix 2), physical measurements and blood samples.
All the CONOR surveys followed the same standard procedure for data collection. The CONOR data
were linked with hospitalisations and deaths in the CVDNOR-project providing follow-up

information on cardiovascular endpoints until 2009 (215). The risk factors in CONOR and outcomes

in the CONOR- CVDNOR linkage has been described in the paper.

3.4 Study populations

3.4.1 Paper 1

In paper 1, we studied the whole Norwegian population aged 35-64 years during 1994-2009

(n=2 637 057). Figure 4 provides an overview of the study population in paper 1.
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3.4.2. Paper 2

In paper 2, the study population consisted of South Asians and Europeans aged 30-74 years without
a history of CVD in a New Zealand (n=129 449) and a Norwegian cohort (n=16 606). Figure 5 depicts
the study population from the New Zealand cohort and Figure 6 depicts the study population from

the Norwegian cohort.

The PREDICT cohort

PREDICT cohort, 2002 — 2012, n=252 491

Excluded:

Outside age range 30-74 years old, n=1% 651
History of CVD or AF, n=24 537

Renal disease (incl. on loop diuretics and
eGFR=29), n=1 582

Other ethnic groups than Europeans/indians,
n=77 232

PREDICT study population, n= 129 449

Figure 5: Flow chart for the study population in the New Zealand dataset in paper 2, the PREDICT
cohort.
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The Cohort of Norway (CONOR) linked with CVDNOR

CONOR, total participants CONOR, total individuals
n= 180553 » (Restricted to first time attending a CONOR-survey)
n=173 243
Excluded:

Duplicate participant data, n= 7310

Excluded:
- Participants from other CONOR surveys, n=146 434 N
- Participants from intervention studies (HYRIM/DOIT/LIFE), n=100

Y
Health surveys conducted in Oslo (HUBRO, I-HUBRO and MoRo),
n=26 709

Excluded:

- OQutside age range, n=3 871

- Missing on country of birth, n=1 309

- Not born in Norway or South Asia, n=4 342

- Pregnant women, n=197

- Previous CVD (CHD/CEREBRO/ASVD/TIA/HF) based on
hospital data, n=353

- Previous AF, n=31

Y

Main sample: participants of Oslo health surveys aged 30-74 at baseline, n=16 606

Figure 6: Flow chart for the study population in the Norwegian dataset in paper 2 (the Cohort of
Norway)

3.4.3 Paper 3

The study population in paper 3 consisted of Indians and Europeans aged 30-74 years without prior
CVD at the baseline examination (n=256 446). The flow chart for the study population in paper 3 is
included in the paper (Figure 1) and is not reproduced here. The update of the PREDICT cohort from
paper 2 to paper 3 involved almost a doubling of the number of participants and an increase in the

mean follow-up from 2.9 years in paper 2 to 4.2 years in paper 3.
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3.5 Statistical methods

The statistical methods are described in detail in the papers. Briefly, statistical analyses were
performed using STATA versions 11, 13 and 14. In paper 1, the direct standardization method was
used to estimate age-standardized AMI and stroke event rates for immigrants and ethnic
Norwegians, and Poisson regression was used to calculate rate ratios with ethnic Norwegians as
reference group. In paper 2, Cox regression was used to study the prospective relationships
between the major risk factors (SBP, TC/HDL ratio, diabetes and smoking) and subsequent CVD, and
to study the contribution from the conventional risk factors to the excess risk of CVD in South
Asians versus Europeans. We again used Cox regression in paper 3 to study the prospective
relationships between BMI and deprivation and subsequent risk of CVD with and without
adjustment for the Framingham risk score. Discrimination of the Framingham 5-year risk score was
measured by the area under the receiver operating characteristics (ROC) curve (AUC) and
calculation of Harrell’s C. Calibration was measured graphically in a plot of predicted minus

observed event rates (calculated by the life table method) within deciles of predicted risk.

Some additional information about the statistical methods is given below.

Mediation analyses in paper 2 (main analyses presented in Table 3 in the paper)

To estimate how much the excess risk of CVD in South Asians was mediated through the four major
risk factors, we calculated the percentage of excess risk mediated (PERM) according to the formula
below as adapted and described by The Global Burden of Metabolic Risk Factors for Chronic

Diseases Collaboration (BMI mediated effects) in 2014 (31).

PERM = HR (confounder adjusted) = HR (confounder and mediator adjusted *100

HR (confounder adjusted) = 1

Confounder adjusted in our analyses meant adjusting for age and mediator adjusted involved

adjustment for the four major risk factors.

Supplementary sensitivity analyses in paper 3 (see sections 4.1.4 and 5.2.3)

While working with paper 3, | performed some sensitivity analyses that were not mentioned in the
paper to examine the possible effect of medication use on the overestimation of risk in Europeans
and in Indian women. | repeated the calibration analyses after resetting the risk factor values for

those who were dispensed medication during follow-up according to treatment goals. This meant

that for the calculation of predicted risk, | reset SBP to maximum 140 for those who were dispensed
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with antihypertensive medications during follow-up and TC/HDL ratio to maximum 4.5 for those
who were dispensed with lipid lowering medications during follow-up, and maximum predicted risk

were set to 15% if dispensed either of the two. See figure 7 in 4.1.4.

3.6 Ethical considerations

The project was approved by the Regional Committee for Medical Research Ethics, Health Region
West. The project was first approved as a sub-project to the CVDNOR-project. The Regional
Committee for Medical Research Ethics changed their procedures during the project period, and we
therefore had to apply for an approval that was specific to this project. Such an approval was
granted in the end of 2015. The approval also included the use of New Zealand data given that New

Zealand regulations were followed.

The PREDICT study was approved by the Northern Region Ethics Committee Y in 2003
(AKY/03/12/134), and since 2007 it was approved annually by the National Multi Region Ethics
Committee (MEC07/19/EXP).

4.0 Results

4.1 Synopsis of the papers

4.1.2 Paper 1

Ethnic inequalities in acute myocardial infarction and stroke rates in Norway 1994-2009: a

nationwide cohort study (CVDNOR)

In this nationwide cohort study, 59 314 individuals experienced at least one AMI event (in which a
total of 67 683 AMI events were observed when up to 3 events per person were included) and

34 392 individuals experienced at least one stroke event (with a total of 43 252 stroke events when
up to 3 events per person were included) during 1994-2009. The study revealed large variations in
both absolute and relative risks of AMI and stroke between ethnic groups living in Norway.
Immigrant men and women from South Asia had more than double the risk of AMI compared with
Norwegian-born men (rate ratio (RR), 2.27 [95% Cl, 2.08-2.49]) and women (RR, 2.10 [95% CI, 1.76-
2.51]). Immigrant men from the Former Yugoslavia and the Middle East had around 50% increased

risk compared to Norwegian-born men, and immigrant women from the Former Yugoslavia had

75% increased risk compared to Norwegian-born women. The lowest risk of AMI was seen in

30



immigrants from East Asia with a RR of 0.38 in both men [95%, 0.25-0.58] and women [95%, 0.18-
0.79]. The only ethnic group with increased risk in both genders when compared with Norwegian-
born in regard to stroke was immigrants from South Asia. Men from Former Yugoslavia and men
from Sub-Saharan Africa also had a higher risk of stroke compared with Norwegian-born (RR, 1.28
[95% ClI, 1.09-1.49] and RR, 1.44 [95% ClI, 1.20-1.74] respectively), but the women from these
countries did not. Reduced risk of stroke was found in immigrant men from North Africa (RR, 0.59
[95% ClI, 0.40-0.86]), North America (RR, 0.64 [95% Cl, 0.46-0.87]) and Eastern Europe (RR, 0.78
[95% Cl, 0.63-0.97]).

4.1.3 Paper 2

Can traditional risk factors explain the higher risk of cardiovascular disease in South Asians

compared to Europeans in Norway and New Zealand? Two cohort studies

In this binational prospective cohort study, we used data from a New Zealand (=129 449) and a
Norwegian cohort (n=16 606). Participants in the New Zealand cohort were older than in the
Norwegian cohort, and Indians were 6-8 years younger than Europeans in the New Zealand cohort.
In both cohorts, South Asians had higher TC/HDL ratio and more diabetes at baseline than
Europeans, but lower blood pressure and smoking levels. After adjustment for age, the major risk
factors (SBP, TC/HDL ratio, diabetes and smoking) were positively associated with subsequent CVD
in both ethnic groups, in both genders and in both countries. South Asians had increased risk of CVD
compared with Europeans in both countries with age-adjusted hazard ratios (HRs) ranging from
1.42 to 1.92. After adjusting for all major risk factors, the HRs for excess risk of CVD in South Asians
versus Europeans were 1.64 [95% Cl, 1.43-1.88] in men and 1.39 [95% Cl, 1.11-1.73] in women in
the New Zealand cohort. Corresponding HRs were 1.57 [95% Cl, 1.19-2.07] in men and 1.76 [95% ClI,

1.09-2.82] in women in the Norwegian cohort.

4.1.4 Paper 3

Performance of a Framingham cardiovascular risk model among Indians and Europeans in New

Zealand and the role of body mass index and social deprivation

During the study period between August 2002 and December 2015, the PREDICT CVD-cohort
members were followed for a mean of 4.2 years. Among the 222 083 Europeans (43% women) and
34 383 Indians (41% women), we observed a number of 8105 and 1156 CVD events in Europeans

and Indians respectively. Again, we found that Indians had higher TC/HDL ratios and a higher
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diabetes prevalence (more than threefold) than Europeans, but lower smoking and SBP levels.
Indian men had lower mean levels of BMI and were less overweight or obese compared with
European men, while Indian and European women had similar BMI levels. About 50% of the Indians
lived in the two most deprived area quintiles in New Zealand while for Europeans the corresponding
share was 25%. The observed 5-year event rates were lower than the predicted rates in all groups
except in Indian men where the observed and predicted event rates were the same. The
Framingham 5-year risk score discriminated better in Indians than in Europeans with AUCs of 0.76 in
Indian men and womenversus 0.74 and 0.72 in European men and women respectively. The
calibration plot showed that the Framingham risk score overestimated the risk in higher deciles of
predicted risk, and more so in Europeans than in Indians. The calibration also showed that the best
correspondence between predicted and observed risk was seen in Indian men. Both BMI and
deprivation were positively associated with CVD in both ethnic groups, also after adjustment for the

Framingham risk score.

The additional sensitivity analyses (not presented in the paper) where we reset the risk factor
values for those who were dispensed with antihypertensive and/or lipid lowering medication during

follow- up did not result in any substantial changes in calibration. See figure 7.

Predicted minus observed 5-year risk within deciles of predicted risk. Original Framingham risk score.
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Figure 7. Sensitivity analyses resetting SBP, TC/HDL ratio and predicted risk according to treatment
goals if dispensed with preventive medication during follow-up. Note that the x-axis represents the
deciles of predicted risk, not predicted risk values as in the main calibration analyses in paper 3.
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5.0 Discussion

5.1 Methodological considerations
5.1.1 Validity

Validity is usually divided into internal and external validity (218). Internal validity refers to the
validity of inferences drawn for the members of the source population, while external validity refers
to the validity of inferences drawn for persons outside that population (generalizability). Internal

validity is a prerequisite for external validity (218).

Study design
As all three papers had a prospective study design, they share the strength of having collected the
information about exposure prior to the outcome, minimising the possibility that the disease could

have influenced the exposure information (218).

The study design in paper 1 was a nationwide cohort study including all Norwegian residents with
information about CVD endpoints from hospital data linked with information from registry data.
Problems with selection bias, loss to follow-up and generalizability were therefore reduced.
However, there are some limitations using registry data in health research which are often related
to data being collected by others than the researcher and for other purposes (219). Some
limitations that could be relevant for our study are that registry data may lack important
information (for example, if persons who emigrated did not report their moving to the Norwegian
Tax Administration) and that the quality of data might be hard to evaluate in lack of a “gold
standard” (219). We cannot rule out the possibility of unregistered emigrations, but do not expect
this to be a large problem. The quality of data relating to the validity of cardiovascular endpoints is
discussed later in this section under the sub-headings “information bias” and “misclassification of

endpoints”.

A strength of paper 2 was the inclusion of two separate cohorts with consistent results. As there is a
great lack of cohort studies reporting the prospective relationships between risk factors and
subsequent CVD in South Asian populations, the binational prospective study design of paper 2 is a
strength. Paper 3 shares the strength of paper 2 in filling a gap of prospective cohort studies
reporting the relationships between risk factors and subsequent CVD in South Asians, as well as the
validation of a well-known cardiovascular risk prediction score in a high risk ethnic group where its

validity has been largely unknown.
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Internal validity

Selection bias
Selection bias can occur if the effect estimate is distorted by factors that influence participation or

selection into a study (218).

As mentioned, selection bias was not very relevant for paper 1 as we studied the whole population
in Norway. Also, since Norway is a country with universal health care, since we studied acute
conditions and since deaths outside hospital were included, it is not very likely that differential use
of health care services between the ethnic groups could have distorted our findings. Furthermore,
we updated the population at risk every year so that only persons who were registered as
Norwegian residents and alive contributed with person-years to the denominator.

Potential selection bias due to self-selection into the Norwegian cohort in paper 2 cannot be ruled
out. We used risk factor information from three Oslo Health Studies in CONOR with participation
rates ranging from 40-46% (217). One of the included Oslo surveys (the Oslo Immigrant Health
Study), had a final overall response rate of 40%, and participation rates for those born in Sri Lanka
and Pakistan were 51% and 32% respectively (163). It is not uncommon that participants in
population-based cohort studies are healthier and have higher socioeconomic positions than non-
participants (220-222). A validation study from the Oslo Health Study found that men, young, single,
people born outside Norway, residents in inner cities, persons with lower levels of education and
lower income as well as those receiving disability benefit were underrepresented (223). Due to a
larger underrepresentation of disability benefit receivers in the Norwegian-born group than in the
non-western immigrant group, the validation study found a slight overestimation of the odds ratio
for disability benefit in non-western born compared to Norwegian born when calculated from
attendees only (223). Similarly, there could be a possibility of some selection bias affecting the
comparisons of CVD between the ethnic groups in paper 2 if the Norwegian-born group in the Oslo
Healthy Study are in fact more selectively healthy (which could involve being more health conscious
during follow-up) than the non-western immigrant group. However, since we adjusted for the major
risk factors, any relevant health difference between the groups would be limited in the full-adjusted
model in paper 2. It is also reassuring that the ethnic comparisons in paper 2 demonstrating a high
risk of CVD (and a particularly high risk of CHD) in South Asians versus Norwegian-born, correspond
to the results in paper 1 where self-selection was not a problem. The RRs for the risk of AMI in
South Asians versus Europeans in paper 1 were 2.27 [95% Cl 2.08 to 2.49] in men and 2.10 [95% ClI
1.76 to 2.51] in women. In paper 2, the corresponding age-adjusted HRs for CHD were 2.45 [95% ClI

1.82 to 3.30] in men and 3.23 [1.95 to 5.34] in women (these estimates from paper 2 can be found
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in the online supplementary material, table A9).

For the New Zealand data in paper 2 and 3, the participants consisted of persons undergoing risk
assessments in the primary care, which implies that individuals with high levels of risk factors were
over-represented in the cohort compared with the New Zealand general population. New Zealand
guidelines recommend that men aged 45-75 years and women aged 55-75 years should be risk
assessed every 5 years regardless of risk factors. Certain high-risk groups, including people from the
Indian subcontinent and people with known cardiovascular risk factors are recommended to
undergo risk assessment 10 years earlier (224). Indians are therefore also over-represented in the
PREDICT cohort (216). This means that findings from the PREDICT cohort is not generalizable to the
New Zealand general population, but the cohort is representative for those who are eligible for risk
assessment according to the New Zealand guidelines. Since asymptomatic people in certain age-
groups are recommended to undergo risk assessment, and because around 90% of all New
Zealanders meeting the eligibility criteria underwent risk assessment between 2010 and 2015 as a
result of a nationally coordinated and funded programme (225), the PREDICT cohort should be
generalizable to large parts of the New Zealand population (men aged 45-74 years and women aged
55-75 years). The representativeness of the PREDICT cohort is increasing, which means that it was
higher in paper 3 where follow-up lasted until 2015 (over 90% of all eligible individuals in the
primary health organizations where PREDICT is used had been risk assessed by 2015 (225)) than in
paper 2 where follow-up lasted until 2012 (between 79-88% of the eligible individuals in the
primary health organizations using PREDICT had been risk assessed by 2012 (216)). Around a third
of the New Zealand population belong to clinics where the PREDICT software is used, which is
mainly in the Auckland and Northland regions — two regions representing large urban and rural
areas with diverse socioeconomic and ethnic populations (226). We cannot rule out the possibility
that some recruitment bias might have affected the ethnic comparisons, as discussed above for the
Norwegian cohort. Indians were about 6-8 years younger than Europeans in both paper 2 and 3,
reflecting the New Zealand guideline recommendations. Adjusting for age was therefore particularly
important in order to control for confounding due to the selective recruitment of young Indians into
the cohort. While working with paper 3, we also discovered that younger participants had high
levels of risk factors (results not shown), and we therefore did sensitivity analyses to check whether
it could have affected the results. This involved repeating the calibration analyses without men <45
years and women <55 years (the cut-offs for when risk assessment is recommended for the
asymptomatic general New Zealand population without any known risk factors), which gave similar

results as the original analyses (not shown).
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For the purpose of validating a cardiovascular risk prediction model in paper 3, the PREDICT cohort
population was appropriate as it represented the setting in which risk prediction models are

intended. Selection bias is, thus, not very relevant for paper 3.

The extent of missing information was small (only 0.01% for the New Zealand PREDICT data and 3%
for the risk factor with most missing in the Norwegian data in paper 2). It is therefore not likely that

this has had any essential effect on the estimates.

Loss to follow-up in paper 2 and 3 was negligible due to the use of hospital data in two countries
where hospital treatment is free of charge and also by including deaths outside hospital from
mortality registries. In the New Zealand data, the only ones who would not be captured in the
national hospital and mortality registries in addition to people travelling abroad or those who
emigrated during follow-up were participants treated in private hospitals (216). Private hospitals
represent less than 2% of all hospital admissions related to cardiovascular disease in New Zealand
(226), and furthermore, most of the private hospital admissions are for non-acute procedures (110).
We have no information about emigrations in the New Zealand cohort, but for the Norwegian
cohort in paper 2 we know that few emigrated (around 1% of ethnic Norwegians and <3% South

Asians in the Oslo health studies had emigrated during follow-up).

For paper 2 and 3 we excluded people with previous CVD. This could potentially create some
selection bias if the exclusions were more or less correct for the different ethnic groups. In the
Norwegian data in paper 2, we used hospital data to exclude persons with prior CVD. It is possible
that South Asians to a larger extent than ethnic Norwegians could have had unregistered CVD
hospitalisations if they, for instance, experienced a CVD event before migrating to Norway or while
visiting their countries of origin. Norwegians could also have experienced CVD events while staying
abroad. After we excluded people with prior CVD hospitalisations, about 1% of the South Asians
reported to have ever had a stroke or a heart attack in the CONOR questionnaire, while for the
ethnic Norwegian group this percentage was < 0.5 for both outcomes. The reason we excluded
solely based on hospital data and not based on self-reported events was that we were uncertain
about the validity of the self-reported disease events and whether the validity could differ between
the ethnic groups, more so than the validity of the hospital data. We also excluded persons with
previous CVD events in the New Zealand cohort. A recent New Zealand study has examined the
accuracy of general practice registrations of prior CVD identified at the time of CVD risk
assessments, and found that it was more likely for people <55 years, women, Maori, Pacific, Indian
and Asian ethnic groups to have prior CVD inaccurately recorded (227). Smokers and people with

diabetes were more likely to have prior CVD correctly identified, and as much as 39% of people with
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prior CVD hospitalisations were wrongly registered as having no history of CVD. Thus, we cannot
rule out the possibility that some systematic differences exist between the ethnic groups regarding

their history of CVD.

Information bias (misclassification)
Information bias refers to errors in the collected information from the study subjects. For discrete
variables, this is called misclassification (218). The key variables to consider regarding

misclassification are exposure and disease (228).

When misclassification depends on the actual values of other variables it is called differential
misclassification (218). This kind of misclassification can either exaggerate or underestimate an
effect. Non-differential misclassification, on the other hand, occurs when misclassification does not
depend on the actual values of other variables. Bias introduced by non-differential misclassification

usually distorts the effect towards the null, although there are exceptions to this “rule” (218).

Misclassification of ethnic groups

For the Norwegian data in papers 1 and 2, we used country of birth as an indicator of ethnicity. The
main disadvantage with country of birth for this purpose is that people who are born in the same
country might have different ethnic backgrounds (229, 230). The possibility that some subjects have
been misclassified on ethnicity cannot be ruled out, but such misclassification is probably
independent on the values of other variables and would therefore be non-differential. The main
consequence of such misclassification would be that our findings would not be equally applicable to
all ethnic subgroups within the group. The high risk of AMI and stroke among South Asian women in
paper 1 seemed to be mostly driven by a high risk among women born in Pakistan and not as much
by the women who were born in Sri Lanka and India (see Tables 1 and 2 in paper 1). It is worth to
note, however, that Pakistan was the best represented country of birth within the South Asia group
and that the uncertainty measures for the estimates for Sri Lankans and Indians were large. Due to
the heterogeneity in large ethnic categorisations, it is a strength that we had the possibility to
present estimates for single countries of birth (although country of birth is also a crude ethnicity
measure) in addition to the larger regions of birth in paper 1. This was, unfortunately, not possible
for the Norwegian data in paper 2 due to privacy protections. Advantages using country of birth to
indicate ethnicity are its objective and stable qualities making it possible to compare between
studies and over time (although this should be done with caution due to the fluid and dynamic

nature of ethnicity) (229, 230).
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Ethnicity in the New Zealand data in paper 2 and 3 was based on self-identification coded according
to pre-defined categories. This ethnicity information came from the National Health Index dataset
and the PREDICT template. In correspondence with the understanding of ethnicity held by Statistics
New Zealand, the members of the cohort can enter up to three different ethnicities. As described in
paper 2 and 3, a prioritising algorithm is used in case of multiple ethnicities recorded (see online
supplementary file in paper 2 entitled the VIEW Ethnicity Protocol). Self-identification of ethnicity is
a more precise measure of a persons’ ethnicity (in the view of ethnicity being fundamentally self-
perceived), but less consistent and comparable than country of birth, and, moreover, it is not
subject to control of the investigator. Thus, it is not a perfectly suitable measure for research (230).
The prioritisation aims at assigning people to a single ethnic group while preserving consistency in
the New Zealand statistics, and avoid that small groups get absorbed by the New Zealand European
ethnic group. The prioritisation procedure has some downsides, however, as some groups are
prioritised over others which can possibly lead to some misclassification. In the New Zealand
statistics, Maoris are prioritised over Pacifics and Pacific people are prioritised over other ethnic
groups. This means that if someone identifies as being both Chinese and Maori, for example, they
would be classified as Maori in the statistics. Another limitation with prioritisation of ethnic groups
is that it goes against the principle of self-identification (158). In a comparative study by the
Ministry of Health in New Zealand, the prioritised ethnicity was compared with the total response
ethnicity, and small differences were found (231). For the Asian ethnic groups, the only noticeable
difference in standardized rate ratios for different health indicators was found for diabetes. The
rate ratio for diabetes was lower for total response Asian versus the total New Zealand population,
compared with the rate ratio of prioritised Asian versus prioritised European/other. For the other

health indicators, the rate ratios were very similar (231).

Misclassification of endpoints

One of the limitations using registry data is that the data have been collected with another purpose
than research, and that the researcher may lack information about content and quality of the
variables (219). This means, among other things, that data could be affected by different coding
practices between persons/institutions/time periods etc. However, any misclassification will often
be non-differential since it will probably be the same for all subgroups and it will therefore most

likely underestimate a true association or effect (219).

Both outcomes in paper 1, AMI and stroke, were identified through patient administrative systems

in Norwegian hospitals and The Cause of Death Registry. We are not aware of any Norwegian
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validation study to have validated the AMI diagnosis in patient administrative systems, but studies
from other countries such as Denmark (232, 233) and the Netherlands (234) suggest that the
positive predictive value is around 90% when AMI is coded as the main diagnosis and somewhat
lower when AMI is coded as the secondary diagnosis. The definition of the AMI diagnosis was
changed in Norwegian hospitals during 1999-2000 to include the use of troponin (235, 236).
Compared with older diagnostic criteria, it has been shown that this change in diagnostic criteria
increased the number of diagnosed AMI cases (237). It is possible that the change in AMI-definition
during our study period could potentially bias the ethnic comparisons if some of the ethnic groups
were particularly well represented in the Norwegian population after this period, while others were
better represented before. However, as we adjusted for calendar year in the Poisson regression, we

consider it as unlikely that this has had any considerable impact on our estimates.

Stroke discharge diagnoses in Norwegian hospital data have been validated for the Innherred region
in Nord-Trgndelag county, in the central of Norway (238). The study compared data from hospital
discharges using a population-based stroke registry as the “gold-standard”. The study concluded
that the use of hospital discharge data would overestimate stroke, unless restricting to acute stroke
diagnoses which improved the positive predictive value from 49% to 68% (238). A more recent
study, also carried out in the Central Norway region, used data from the Norwegian Stroke Registry
to compare stroke admissions from the Norwegian Patient Registry (NPR) (239). The information
from NPR, a national administrative health registry, is comparable to the hospital information from
the CVDNOR project used in the present study. The study found that both the Norwegian Stroke
Registry and the NPR were adequately complete and correct to be used as valuable sources in
epidemiological studies. The NPR was more complete and less correct than the Stroke Registry
when both main and secondary diagnoses of stroke were included with a positive predictive value
of approximately 80%. If only including main stroke diagnoses, the registrations in NPR were more
correct, but less complete with a positive predictive value well above 90% (239). Another recent
validation study on intracranial haemorrhage supported that the coding of strokes from NPR is of
good quality with positive predictive values > 90% (240). Both these recent validation studies found
that the most common cause of incorrect diagnosis of acute stroke was previous stroke that should
have been coded as rehabilitation or sequela after stroke (239, 240). This corresponds with what we
observed in our data (paper 1) as we found more registered recurrent stroke events than recurrent
AMI events, and several of the recurrent stroke events (especially for higher event numbers) had
rehabilitation as main diagnosis and stroke as secondary diagnosis. We therefore suspected that
some of these recurrent stroke events could be false positives representing previousstrokes.

Because we included more than one event per person, we decided to set a maximum limit of three
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AMI and three stroke events per person to reduce the possibility of counting events more than
once. A 28-day rule from the CVDNOR-project implied that hospitalisations or deaths within <28
days after a previous hospitalisation were considered as part of the previous event (214). This
applied to both AMI and stroke. We also noticed that there were quite a few stroke deaths
occurring between 29-60 days after a previous stroke hospitalisation. It is possible that those stroke
deaths did not represent new events, but should have been coded as complications after a stroke.
However, this type of stroke deaths (occurring 29-60 days after a previous stroke) only constituted
<1% of the stroke events in our study population. We also did sensitivity analyses where we only
included one event per person, and the results of these analyses were similar to the original
analyses regarding the ethnic comparisons. We therefore consider it as unlikely that this could have

had any considerable effect on the ethnic differences in stroke in paper 1.

In paper 2, we used a composite CVD endpoint mostly due to power considerations since there
were few endpoints among the South Asians in the Norwegian cohort, especially for stroke.
However, we also did some of the analyses for CHD specifically, which are included in the additional
online supplementary file of the paper, table A9. Endpoints had already been defined in the dataset
and the CVD outcome in the PREDICT data was different from the CVD outcome in the Norwegian
data. We therefore combined available sub-endpoints from CONOR into a new CVD event that was
more similar to the New Zealand CVD event, although some differences remained (which are
provided in the paper). As our intention was to compare within the cohort and not across, we
considered a small discrepancy in CVD endpoints between the two cohorts as acceptable. As
already discussed, different CVD outcomes can be misclassified due to unreliable ICD-coding. Some
of the included diagnoses in the composite CVD event, such as angina, heart failure (234) and
peripheral arterial disease (241) have been found to be less reliable compared with acute and less

diffuse diagnoses such as AMI (232-234) in studies from the Netherlands and Denmark.

In paper 3, we used the same composite endpoint as in paper 2. As the PREDICT total cardiovascular
disease outcome was based on an ischemic cardiovascular disease outcome definition from the
Framingham Study (242), this was the proper endpoint for our aim of validating a Framingham risk
score. However, the possibilities of misclassified CVD events as discussed above for the New

Zealand part of paper 2, also apply to this paper.
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Misclassification of risk factors
As mentioned, the prospective design in papers 2 and 3 reduces the possibility of differential
misclassification of the exposure variables since the assessment of exposure was gathered at the

beginning of the studies.

However, a phenomenon called “the regression dilution bias” implies that the application of initial
measurements of risk factors in prospective cohort studies may lead to an underestimation of the
strength of the real association between the average/usual levels of the risk factors and the
outcome (243). This can be due to different factors such as measurement error or short-term
biological variations (243). In addition, lifestyle changes or medical treatment may also lead to
changes in risk factors. These factors can also have caused weaker associations between the major

risk factors and the CVD outcome (244).

However, in paper 2 and paper 3 the BP measurements may, in particular, be prone to some
information bias as BP measurements easily vary and can be affected by a range of factors in the
environment of which the measurements are taken. Factors that can affect the BP measurements
include (among others) the behaviour and posture of the individual/patient, the person who is
taking the measurement as well as the device (245). This is also discussed in paper 2. For the
Norwegian data in paper 2, the blood pressure measurements were taken according to a standard
protocol which reduces the possibility of differential information bias. In the New Zealand data this
was not the case, but a mean of the two last recordings done by the primary care practitioner was
used for the systolic blood pressure variable to reduce the chance of information bias. Other risk
factor variables (for example whether the patient had known hypertension or a high BMI without
the appropriate cuff size) could potentially have affected the reliability of the blood pressure

measurements (246).

Confounding
A confounder is a variable that has an effect on (or is associated with — but not affected by) both
the exposure (or mediator) and the outcome (218). Paper 1 was descriptive in its intent and paper 3

had mainly a predictive purpose, the causal structures were therefore mostly relevant for paper 2.

We cannot rule out the possibility of unmeasured confounding for the prospective relationships
between the conventional risk factors and CVD in paper 2 (Table 2) where possible confounders
could be lifestyle-related factors such as diet or physical activity. We were not able to completely

adjust for lifestyle, but we consider the adjustment for all the risk factors SBP, TC/HDL ratio,
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smoking and diabetes (results not shown) to also involve a partial adjustment for lifestyle. The

results of these full-adjusted models were similar to the results of the age-adjusted models.

Mediation

For our main analyses in paper 2 (Table 3), ethnicity was the exposure variable and it is not very
likely that an extraneous factor can have affected the ethnicity of the study subjects. Thus, for these
analyses, mediation was more relevant than confounding. The four major cardiovascular risk factors
were considered mediators in the ethnicity (exposure) — CVD (outcome) relationship in paper 2
(Table 3). Also, for each of the ethnicity (exposure) - risk factor (mediator) relationships, factors
such as diet or physical activity are considered additional mediators (see figure 9 below). We did not
have information about lifestyle, but by adjusting for all the four risk factors in the full-adjusted
model (last row in Table 3, paper 2), we consider to also have adjusted for some of the mediating
effect of lifestyle. Any direct effect of lifestyle that does not go through the conventional risk factors

(for example the effect of exercise on coagulation factors (247)) was, however, not adjusted for.

Conventional
Lifestyle risk factors

Ethnicity CVvD

Figure 9. A simplified causal diagram for paper 2

Statistical power/precision

Some immigrant groups in paper 1 were small. We therefore presented the main results for regions
instead of countries of birth. The Central Asia group in paper 1 had comparable risk of AMI as South
Asians in both men and women, and we also found increased risk of stroke in women from Central
Asia. However, the risk estimates were only based on eight AMI events and eight stroke events in

Central Asian women and 34 AMI events in men from Central Asia with wide confidence intervals.
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Thus, due to the lack of precision we chose not to highlight this increased risk among immigrants
from Central Asia. Also in papers 2 and paper 3, the South Asian groups were small which resulted
in imprecise estimates with wide confidence intervals. In paper 2, the lack of precision may have

masked any potential interactions between the risk factors and ethnicity.

External validity/generalizability

Generalizations should be made with caution. However, given our considerations above, we
consider the results from paper 1 to be generalizable to the young adult Norwegian population for
the years covered by the study period, 1994-2009. The results may not be generalizable to future
generations of immigrants or to later periods as the arrival of new immigrants or migrants leaving
the country will change the composition of the groups that were included in this study. Even if the
composition of the groups remained the same, the comparisons between ethnic groups can still
change with time since the risk of CVD in a population might change, and also since years lived in a
country may alter the risk of disease among immigrants. The increased risk of CVD (especially AMI)
in South Asians, however, was evident and consistent in all three papers. The sizes of the relative
risk estimates may not be generalizable to other settings, but otherwise, it seems reasonable to
assume that the results of an increased risk in South Asians in Norway and New Zealand may also
apply to South Asians in other settings. However, this does not necessarily apply equally to all South

Asian subgroups.

For paper 2, we studied South Asians and Europeans who participated in three population-based
health surveys in Norway. The groups were relatively small, but it is reassuring that the results were
similar in the New Zealand data as in the Norwegian data. Results based on New Zealand data in
paper 2 and 3 can be generalized to Indians and Europeans living in New Zealand who are eligible
for cardiovascular risk assessments according to the New Zealand guidelines. As for paper 1, the
results from paper 2 and 3 may not be generalizable for future generations of the ethnic groups

that we studied.
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5.2 General discussion of the results

In this section, | will discuss how the results compare with other studies in the existing literature of

the relevant fields.

5.2.1 Ethnic variation in risk of AMI and stroke

In the nationwide prospective cohort study in paper 1, we found large variations in risk of both AMI
and stroke between ethnic groups in Norway. South Asians had the highest risk of AMI and
constituted the only ethnic group to have an increased risk of stroke in both men and women
compared to ethnic Norwegians. Our finding of an increased risk of AMI and stroke in South Asians in
Norway was in line with the knowledge about risk factor levels in immigrants from South Asia based
on Norwegian health studies (161-164) and also in line with the knowledge from other countries
about an excess risk of CVD (particularly CHD) in this ethnic group (18, 173, 179, 186-188, 248). The
risk of stroke in South Asian migrants has been less studied, but a high risk of stroke among South
Asians compared with Europeans has been documented in studies from the UK (18, 248) and in
New Zealand (173). Furthermore, the increased risk in South Asians was reconfirmed in paper 2 in
both Norwegian and New Zealand data, and also in the updated New Zealand cohort in paper 3
where we found that Indians and Europeans had similar observed 5-year event rates of CVD despite
Europeans being 6-8 years older than the Indians. The finding of an increased risk of AMlI in
immigrant men and women from Former Yugoslavia and a high risk of stroke in immigrant men
from Former Yugoslavia was consistent with a previous study where we found that Former
Yugoslavian immigrants in Norway had the highest Framingham predicted risk scores among the
eleven ethnic groups included in the study (162). International studies show conflicting results when
it comes to the risk of CVD in immigrants from Former Yugoslavia compared with other ethnic
groups. A registry-based study from Denmark found no differences in CVD between immigrants
from Former Yugoslavia and persons born in Denmark (188). Similarly in Sweden, a case-control
study covering the years 1977-1996 did not find any differences in risk of Ml between immigrants
from Former Yugoslavia and native Swedes (187). Another Swedish (registry-based) study, however,
found an increased risk of first Ml in men from Former Yugoslavia, women from Serbia and men and
women from Bosnia compared with Swedish-born (249). In Austria, an increased risk of Ml was
found among young immigrants from Former Yugoslavia compared with native Austrians (250). An
increased risk of stroke was also found among immigrants from Former Yugoslavia in Malmo,
Sweden (251). The same study found an increased risk of stroke in immigrant women from

China/Vietnam, which corresponds with our findings of increased risk of stroke in women from
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Southeast Asia (which includes Vietnam). Some of the variation in rates of AMI and stroke between
the immigrant groups found in paper 1 also seems to mirror the disease patterns in the countries of
origin for the different immigrant groups, at least to some degree. For example, the GBD study
report about a stroke-dominant CVD mortality pattern in countries from Southeast Asia, East Asia
and Sub-Saharan Africa (100) which corresponds with our findings of a lower risk of AMI in
immigrants from East Asia, Southeast Asia and Sub-Saharan Africa compared with Norwegian-born,
while a lower risk of stroke was not observed. In fact, we found a higher risk of stroke in South East
Asian women and Sub-Saharan men. The lower risk of AMI in the East Asia group also corresponds
with a lower risk of CHD in immigrants from China that has been consistently documented in studies
from different countries, such as Singapore (252), the UK (186), Canada (253) and the Netherlands
(254). The lower risk of AMI and stroke among immigrants from Western Europe, Eastern Europe
and North America is in line with the “healthy immigrant effect”. To a large extent, immigrants from
these countries came to Norway for work or education purposes (255), and the lower mortality that
has been observed among immigrants compared with the Norwegian host population was most

evident among those who had immigrated due to work/ education purposes (136).

5.2.2 Cardiovascular risk factors in South Asians (paper 2)

Our finding of similar and positive relationships between the major risk factors (SBP, TC/HDL ratio,
smoking and diabetes) and subsequent CVD in South Asians and Europeans is in line with the two
prospective studies that were available at the start of the present study (12, 13). It also corresponds
with the large multinational case-control studies INTERHEART (14) and INTERSTROKE (15).Two
other studies from the UK emerged during our work with the present study, and found consistent
results of similar relationships between behavioural risk factors (19) and diabetes (20) with the risk
of subsequent CVD. Another study, reported that diabetes was more predictive of stroke in South
Asians than in Europeans (18), while a fourth study, also from the UK, found that BP was stronger
associated with stroke risk in South Asian men than in European men (21). In the latter study, South
Asian men had higher BP levels than European men, which conflicts with our findings of lower BP
levels in South Asians in both Norway and New Zealand (21). The study also found that the
combination of high BP and glycaemia seemed more detrimental in South Asians than in Europeans
(21). Poorer cerebral autoregulation in South Asians than in Europeans due to more hyperglycaemia
could be one of the underlying mechanisms for their excess risk of stroke (256). We did not study
stroke specifically in paper 2, and can therefore not rule out the possibility that different

relationships between some of the major risk factors and subsequent stroke exist betweenSouth

45



Asians and Europeans in New Zealand or Norway. However, the role of hyperglycaemia for the
susceptibility of stroke in South Asians concur with a five to almost eight times higher (Norwegian
cohort) and around three times higher (New Zealand cohort) prevalence of diabetes in South Asians
versus Europeans in this study. It also corresponds with our main results where diabetes was one of
two risk factors that were able to explain some of the excess risk of CVD in South Asians compared
with Europeans. The reduction in the increased risk of CVD in South Asians versus Europeans after
full adjustment ranged from 7-38% (based on the PERM calculation described in section 3.5).
However, the highest PERM was achieved in the model where we only adjusted for diabetes and
TC/ HDL ratio, where PERM ranged from 35-66% indicating that a significant share of the excess risk
of CVD is mediated through diabetes and a poor lipid profile. However, although the lipid profile did
explain some of the excess risk of CVD in South Asians in the Norwegian cohort, this was not the
case in the New Zealand cohort - which should have been better pointed out in the paper. Adding
TC/HDL ratio to the Cox regression model did not change the HRs for the excess risk of CVD for
South Asians versus Europeans in the New Zealand cohort, which was also true for the model where
CHD was the endpoint (Table A9 in the supplementary file in paper 2). This could be related to use of
lipid lowering treatment, but adjusting for baseline medication did not change the full-adjusted HRs
(Table A4 in the supplementary material in paper 2). Thus, diabetes (not lipids) seemed to explain
some of the increased risk of CVD among South Asians in the New Zealand cohort. The finding of
diabetes’ important role for the excess risk of CVD in South Asians is in line with international
studies highlighting the importance of diabetes when it comes to the risk of CVD in South Asians
(18, 189, 256). A recent optimistic review article suggests that there have been improvements in
treatment and management of diabetes in South Asians, which has now led to an attenuation in the

increased CVD mortality risk in South Asians versus Europeans (257).

After we adjusted for the major risk factors (SBP, TC/HDL ratio, smoking and diabetes), South Asians
still had an increased risk of CVD compared with Europeans in both the New Zealand and
Norwegian cohorts. This concurs with findings from the UK (12, 18) where conventional (and some
novel) risk factors did not seem to account for the excess risk of CVD in South Asians. However, as
South Asians generally develop diabetes in younger age than Europeans (189), it is possible that we
were unable to capture the full effect of diabetes since we lacked information about disease
duration. For risk factors that fluctuate (TC/HDL ratio and SBP), the regression dilution effect (243,
244) could also contribute to explain some of the remaining excess risk in the full-adjusted model.
Furthermore, we did not have information about physical activity, which another study found could
explain around 40% of the excess CHD mortality among Pakistanis/Bangladeshis (combined in one

group) and Indians when it was included as a covariate in a Cox model (13). Dietary habits may also
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be an important explaining factor/mediator that we did not adjust for (206, 258).

5.2.3 Predicted Framingham risk in South Asians and the role of BMI and deprivation
(paper3)

In paper 3, we found that a Framingham risk score (242), published in 1991 and based on risk
factors collected more than four decades ago, predicted the 5-year risk of CVD moderately close in
Indian men in New Zealand, and overestimated risk in Indian women and in European men and
women. The lack of studies reporting discrimination and calibration measures for the performance
of existing cardiovascular risk scores among South Asians makes it difficult to compare results
across the available studies. However, one study emerged during our work with this project which
validated the same Framingham risk score as applied here, although for the prediction of 10-year
risk instead of 5- year risk (84). This study was performed in the UK and found that Framingham
underestimated the risk in South Asian women while it predicted risk more closely in South Asian
men when a factor of 1.4 had been added to their predicted risk. AUCs were 0.73 [95% Cl 0.69 to
0.77] in South Asian men and 0.77 [95% Cl 0.69 to 0.86] in South Asian women, which is similar to
the AUCs of 0.76 that we found in South Asian men and women and the Cls were overlapping. Thus,
the discrimination measures were not very different from our results, but the calibration showed an
underestimation of risk in South Asians (also in men had the factor of 1.4 not been added) instead
of an overestimation of risk as was found among Indian women in our study. For Europeans, the
Framingham 10-year risk score predicted reasonably well in both men and women (84). However,
the results of this UK study is not directly comparable to the present study as we, as mentioned,
validated risk prediction models with different time perspectives. We also found that social
deprivation and BMI could potentially improve risk prediction. The UK study that evaluated
Framingham, also evaluated QRISK2 (259) which includes a deprivation index (the Townsend score)
corresponding to the New Zealand deprivation index and BMI (continuous) as predictors. QRISK2
underestimated risk in South Asian men and women, while it predicted risk more closely in
European men and women (84). Thus, the study did not find that QRISK2 predicted risk more
accurately than Framingham, as one would expect based on QRISK2’s inclusion of BMI and
deprivation, and since Framingham’s validity in ethnically and socioeconomically diverse

populations has been questioned (260-262).

Our finding of an overestimation of risk in European men and women as well as in Indian women
could be related to medical treatment initiated after baseline measurements. We performed

sensitivity analyses to test this where we reset the risk factor values for those who were dispensed

antihypertensive and/or lipid lowering medication during follow-up according to treatment goals.
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These sensitivity analyses resulted in small changes in calibration (Figure 7 in 4.1.4). Moreover, in a
recent study, our New Zealand collaborators presented estimations of how much the observed risk
could have changed due to any initiation of preventive medication during follow-up (226). Their
calculations took into account the person-time that participants were on/off preventive treatment
(lipid lowering, blood pressure lowering or antithrombotic) during follow-up, and they arrived at an
estimate of 5% (in any decile) when optimistically assuming that a single additional medication
would reduce risk by 25%. A change in risk of 5% is not very much, and not enough to explain the
overestimated risk found in the present study. Thus, it is not likely that medical treatment during
follow-up explains the overestimation of risk found in paper 3, although medical treatment is one of
the contributing factors behind the low risk in the contemporary New Zealand population. Our
findings demonstrate that improved methods for risk assessment in Europeans and Indians in New
Zealand are warranted. Indeed, a new risk prediction score for the general New Zealand population
was recently derived (and published) based on the same PREDICT data that we used in paper 3
(226). This new risk score includes the New Zealand deprivation index and ethnicity as predictors,

but not BMI.

6.0 Conclusions and future studies

We studied the risk of CVD among immigrants in the Norwegian total population over a 16-year
period. Immigrants were heterogeneous in terms of cardiovascular risk, and South Asians had a
particularly high burden of AMI and stroke compared with ethnic Norwegians and other immigrant
groups. Former Yugoslavians, immigrants from Central Asia and men from the Middle East also had
a higher risk of CVD, which merits further attention. Men from Sub-Saharan Africa and women from
Southeast Asia also had increased risk of stroke. The lowest risk of AMI was found in immigrants

from East Asia.

We found that SBP, TC/HDL ratio, smoking and diabetes are important cardiovascular risk factors
for both South Asians and Europeans. This was an expected, yet important finding due to the lack of
prospective studies focusing on the relationship between conventional risk factors and later CVD in
South Asian populations. Furthermore, the high risk of CVD in South Asians are in part a result of
the increased diabetes prevalence in this ethnic group and poor lipid profile (the latter is at least
relevant for the Norwegian setting). Primary prevention should therefore specifically aim to

improve the prevention and management of diabetes and dyslipidaemia among South Asians.

The Framingham risk score overestimated risk in South Asian women and in European men and

women, which demonstrates a need for improved methods for risk assessment in the New Zealand
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context. The study also showed that BMI and deprivation are potentially useful predictors in
addition to the Framingham predictors. A new risk model which includes ethnicity and the New
Zealand deprivation index as predictors was recently made available for the New Zealand
population (226). This new risk prediction model is likely to perform better than Framingham in
both Indians and Europeans, but should be externally validated in Indians in the future given the

high risk of CVD in this ethnic group.

Future research

The immigrant population is in constant change, which makes it necessary to regularly repeat
descriptive studies, such as the one presented in paper 1. Norway has experienced a considerable
change in its composition of immigrants after paper 1 was published, partly as a consequence of the
war in Syria with Syrian refugees seeking asylum in Norway, and labour immigrants from Eastern
European countries returning to their home countries (263). Updated information about risk factors
among the immigrant population in Norway is needed as the available data, used in this thesis,

were gathered for almost 20 years ago.

Whether the immigrant population has experienced the same decline in the incidence of AMI as the
majority population, is unknown. Trends in CVD among the immigrant population should therefore
be studied. Descendants of immigrants (Norwegian-born to immigrant parents) have so far been
too young to study regarding CVD. Thus, an interesting and important research focus would be to
examine the burden of disease in this population to see whether it resembles the burden of CVD in

their parents’ generation.

A new risk prediction model called NORRISK2 (264) has been developed for the prediction of the 10-
year risk of incident acute myocardial infarction or cerebral stroke in the Norwegian population.
This model replaced an older version which predicted the risk of CVD mortality. Neither diabetes
nor ethnicity is included as predictors in NORRISK2, and the risk score has therefore been expected
to underestimate the risk of AMI/stroke in South Asians. Adding a factor of 1.5 to the risk score for
South Asians was recommended in the national Norwegian guidelines to compensate for this (265).
We have now started to look at the data and, as expected, we find that NORRISK2 underestimate
the 13-year risk of CVD (AMI or stroke) in South Asians. We plan to validate the NORRISK 2 among

South Asians in Norway and to derive a new cardiovascular risk prediction model for this ethnic

group.
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Abstract

Background: Immigrants to Norway from South Asia and Former Yugoslavia have high levels of cardiovascular disease
(CQVD) risk factors. Yet, the incidence of CVD among immigrants in Norway has never been studied. Our aim was to study
the burden of acute myocardial infarction (AMI) and stroke among ethnic groups in Norway.

Methods: We studied the whole Norwegian population (n =2 637 057) aged 35-64 years during 1994-2009. The
Cardiovascular Disease in Norway (CVDNOR) project provided information about all AMI and stroke hospital stays
for this period, as well as deaths outside hospital through linkage to the Cause of Death Registry. The direct
standardization method was used to estimate age standardized AMI and stroke event rates for immigrants and
ethnic Norwegians. Rate ratios (RR) with ethnic Norwegians as reference were calculated using Poisson regression.
Results: The highest risk of AMI was seen in South Asians (men RR=2.27; 95 % Cl 2.08-2.49; women RR=2.10; 95 % Cl
1.76-2.51) while the lowest was seen in East Asians (RR =0.38 in both men (95 % Cl 0.25-0.58) and women (95 % Cl
0.18-0.79)). Immigrants from Former Yugoslavia and Central Asia also had increased risk of AMI compared to ethnic
Norwegians. South Asians had increased risk of stroke (men RR=1.26; 95 % CI 1.10-1.44; women RR =1.58; 95 % Cl
1.32-1.90), as did men from Former Yugoslavia, Sub-Saharan Africa and women from Southeast Asia.

Conclusions: Preventive measures should be aimed at reducing the excess numbers of CVD among immigrants

from South Asia and Former Yugoslavia.

Keywords: Acute myocardial infarction, Cardiovascular disease, CVDNOR, Immigrants, Ethnicity, Stroke

Background

Europe has become a multi-ethnic continent with increas-
ing migration across borders. Ethnic minority and migrant
populations consequently make up substantial proportions
of European populations [1]. The immigrants in Europe
are heterogeneous in relation to age, sex, country of birth,
socioeconomic status, type of migration, and they also
vary in risk of cardiovascular diseases (CVD) [2]. In
Norway overall, approximately 13 % of the population are
immigrants compared to 32 % in the capital Oslo [3]. A
large proportion of these immigrants comes from devel-
oping countries where the rates of CVD are rapidly in-
creasing [3, 4]. Immigrants from South Asia (countries
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such as Pakistan, Sri Lanka, India and Bangladesh) have a
higher risk of coronary heart disease (CHD) as compared
to local populations and other immigrant groups in the
United Kingdom (UK), Denmark and Sweden [5-8]. In-
creased risk of CHD in South Asians in other parts of the
world has also been reported [9, 10], suggesting a possible
underlying susceptibility for CHD in this group. South
Asian immigrants are prone to diabetes and metabolic dis-
turbances such as abdominal adiposity, dyslipidaemia and
hyperglycaemia [11], this has also been documented
among South Asians in Norway [12, 13]. Still, the burden
of CVD among this immigrant group is currently
unknown.

Few studies have assessed the risk of CVD among
immigrants from Former Yugoslavia (including coun-
tries such as Croatia, Slovenia, Bosnia-Hercegovina,
Macedonia, Serbia, Montenegro and Kosovo) settled

© 2015 Rabanal et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
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in Western European countries. Previous studies from
Denmark and Sweden report no marked differences in in-
cidence of CVD between Former Yugoslavian immigrants
and the native populations [6, 8]. A more recent Swedish
study, however, found higher incidence of first time acute
myocardial infarction (AMI) in male immigrants from
Former Yugoslavia compared to native Swedes [14]. A re-
cent Danish study also found higher risk of CHD among
immigrants from Former Yugoslavia compared to native
Danes [15]. According to a Framingham risk calculator,
immigrants from Former Yugoslavia in Norway have been
found to have increased predicted 10-year risk of CVD
compared to other ethnic groups [16]. Whether the pre-
dicted risk reflects actual risk of disease in this immigrant
group is currently unknown.

The incidence of CVD among immigrants in Norway
has never been reported. This nationwide study aimed
to describe the burden of acute myocardial infarction
and stroke among immigrants in Norway, compared to
ethnic Norwegians.

Methods

Cardiovascular disease in Norway: the CVDNOR project
The CVDNOR project contains CVD hospitalization
data for the whole Norwegian population for the period
1994-2009. Hospital stays with ICD9 codes 390-459 or
ICD10 codes I00-199 were extracted from the Patient
Administrative Systems in all Norwegian somatic hospi-
tals from 1994 to 2009 (www.cvdnor.no). The database
includes information on age, sex, dates of hospitalization
and discharge, main and secondary diagnoses, proce-
dures, departments, wards, time of transfers between de-
partments/wards and type of hospitalization. It has been
linked to The Cause of Death Registry, and The Popula-
tion Registry containing demographic and socioeco-
nomic data for all subjects. Further details on this
database are given elsewhere [17, 18].

Due to the young age distribution among immigrants
in Norway, we included individuals aged 35-64 years
(N'=2 652 123) at risk of having an AMI or stroke dur-
ing 1994-2009. Country of birth was used to identify
immigrants (born abroad with at least one parent born
abroad). We therefore excluded persons with missing in-
formation on country of birth (z =1 310), and individuals
with a foreign country of birth whose parents were both
born in Norway (n =13 746). Some small countries were
also excluded (St. Helena (# = 5), the British Indian Ocean
Territory (n=1), the Maldives (n=2) and the Falkland
Islands (n =2)), leaving a total sample of 2 637 057 indi-
viduals for analyses. The population at risk was updated
January 1** each year during 1994-2009. We grouped the
immigrants into 14 larger regions (see Additional file 1:
Table A1l). Countries of birth with sufficient numbers were
also analyzed individually in addition to the regions.
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We identified hospitalizations with AMI (ICD9: 410;
ICD10: 121, 122) or stroke (ICD9: 430, 431, 434, 436;
ICD10: 160, 161, 163, 164) as main or secondary diagnosis
and deaths outside hospital with AMI or stroke as under-
lying cause of death. For each individual, we included up
to 3 events. However, a few individuals contributed with
more than 3 events (maximum 6 events) if they had at
least 7 event-free years between their third and fourth
event. Most of the individuals experienced only one event
(88 % of the individuals with AMI and 80 % of the individ-
uals with stroke) during the study period, and 99.9 % expe-
rienced < 3 events (both endpoints separately). Additional
events were excluded to reduce the possibility of counting
events more than once. For the same reason, we only
included events with stroke as secondary diagnosis when
the main diagnosis was other than rehabilitation. Hospitali-
zations or deaths occurring <28 days after a previous
hospitalization were considered part of the previous event.

Statistical analyses

AMI and stroke event rates were calculated using the
number of events (numerator) divided by the number
of person-years from the population at risk during
1994-2009 (denominator). Persons aged 35-64 contrib-
uted with one person-year to the denominator every year
they were registered (on January the 1*) as Norwegian
residents. Age-standardized AMI and stroke event rates
with 95 % confidence intervals (Cls) were computed using
the direct standardization method, [19] stratified by ethnic
group and expressed per 100 000 person-years. The
Norwegian population of year 2001 was used as standard
population and 5-year age strata were used for the
standardization.

Poisson or negative binomial regression analyses (when
goodness of fit test for the Poisson model was significant)
were used to compute rate ratios (RRs) enabling us to
control for calendar year to account for time trends in
AMI and stroke. Ethnic Norwegians was the reference
group and we adjusted for age in 5-year age groups and
for calendar year as indicator variable. All analyses were
performed in Stata 13.

Sensitivity analyses
We repeated the Poisson regression analyses including
only 1 event during the whole period to see whether it
influenced the estimates.

In addition to the main analyses, we have also calcu-
lated AMI and stroke event rates for a wider age group;
35-89 (see Additional file 1: Tables A2 and A3).

Attributable fractions

We calculated the attributable fractions (AF) for groups
with increased risk of AMI and stroke (immigrants from
South Asia and Former Yugoslavia) using the following
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formula: AF = (RR-1)/RR [20]. The AFs indicate how
much the event rates would have been reduced if the im-
migrant group had the same risk as ethnic Norwegians.
RRs from the Poisson regression model were used in the
calculation.

Ethical considerations
The project was approved by the Regional Committee
for Medical Research Ethics, Health Region West.

Results
During 1994-2009, 1 348 744 women and 1 288 313 men
aged 35—64 resided in Norway. Immigrants from 14 differ-
ent regions totalled 282 485 subjects (45 % women), which
constituted approximately 11 % of the study sample.
During the study period, we observed 67 683 AMI
events in 59 314 individuals (20 % women) of whom 3 726
were immigrants. Correspondingly for stroke, we observed
43 252 events in 34 392 individuals (37 % women)
whereof 2 078 were immigrants.

Acute myocardial infarction

In Table 1, we show age-standardized AMI event rates
for regions and countries of birth. The overall crude
AMI rates were 389 per 100 000 person-years in men
and 101 per 100 000 person-years in women. Men from
all regions had higher standardized rates than their
female counterparts, and for most regions this gender
difference was 3-fold. For most of the ethnic groups this
gender difference was statistically significant (the Cls did
not overlap), whereas for three small groups (China,
Central America and Oceania/Pacific) the confidence in-
tervals were wide and overlapping.

RRs for AMI, adjusted for age and calendar year, are
shown in Fig. 1. Compared to ethnic Norwegians, immi-
grants from South Asia had the highest risk of AMI
which was more than 2-fold in both men and women.

Immigrants from Central Asia had comparable AMI
risk as the South Asians, but the Cls for the estimates
were wide demonstrating uncertainty.

Immigrant men from Former Yugoslavia and the
Middle East had around 50 % increased risk compared
to Norwegian men, and immigrant women from Former
Yugoslavia had a 75 % increased risk compared to ethnic
Norwegian women.

Among countries of birth within South Asia (Sri Lanka,
India and Pakistan), immigrants from Pakistan had the
highest event rates of AMI. Men from Sri Lanka and India
also had high rates compared to ethnic Norwegians
(Table 1).

East Asian immigrants had the lowest risk of AMI with a
RR of 0.38 for both men and women (Fig. 1). Immigrants
from North America, Western Europe, and Southeast Asia,
and immigrant women from Eastern Europe also had
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lower risk of AMI compared to the local population in
Norway. Immigrants from North Africa and Sub-Saharan
Africa had reduced risk of AMI, although not statistically
significant in women.

Stroke

In Table 2, we show age-standardized rates of stroke for
regions and countries of birth. The overall crude stroke
rates were 193 per 100 000 person-years in men and 116
per 100 000 person-years in women.

As for AMI, men had generally higher rates of stroke
compared to women, although this was not true for im-
migrants from Southeast Asia, Central Asia and Central
America, where women had similar rates as their male
counterparts.

RRs for stroke, adjusted for age and calendar year, are
shown in Fig. 2. In general, the ethnic differences in stroke
risk were less consistent across genders compared to the
differences in risk of AMI. For example, men from Former
Yugoslavia and men from Sub-Saharan Africa had
significantly higher risk of stroke compared to ethnic
Norwegians (RRs of 1.28; 95 % CI 1.09-1.49 and 1.44;
95 % CI 1.20-1.74 respectively) but women from these
regions did not have higher risk.

Immigrants from South Asia formed the only group
with increased risk of stroke in both genders.

Reduced risk of stroke was seen in immigrant men
from North Africa and North America. Slightly reduced
risk was also observed in Eastern European men and
Western European women.

Attributable fractions

If South Asians had the same risk as ethnic Norwegians,
their risk would have been 52.4 % and 55.9 % lower than
their observed risk, corresponding to a reduction of 63
out of 121 and 431 out of 771 cases of AMI (in women
and men respectively) during the 16-year study period. In
immigrants from Former Yugoslavia, the corresponding
fractions were 42.9 % (representing 40 out of 94 AMI
cases) in women and 33.3 % (representing 125 out of 374
AMI cases) in men. The AFs for stroke were 36.7 % in
South Asian women and 20.6 % in South Asian men. For
Former Yugoslavian men, the AF for stroke was 21.9 %.
We did not calculate the AF for stroke in women from
Former Yugoslavia since we did not find increased risk of
stroke in this group.

Sensitivity analyses

The sensitivity analyses including only 1 AMI or stroke

event per person had little influence on the estimates.
We found similar risk patterns for AMI in the wider

age group, 35-89, as we did in our main analyses (see

Additional file 1: Table A2). For stroke, the risk pattern

was somewhat different when including the wider age
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Table 1 Age standardized AMI event rates per 100 000 person-years, subjects aged 35-64 years, CVDNOR 1994-2009

Men, n=1 288 313

Women, n=1 348 744

Country or region of birth N AMIs SER (95 % Cl) N AMls SER (95 % Cl)
Norway 1194 414 50469 385 (382-388) 1160 158 12891 8 (96-100)
Western Europe 56 603 1361 339 (321-357) 45 521 262 7 (59-75)
Denmark 10 581 314 352 (313-391) 9 474 54 6 (41-71)
Finland 3248 99 434 (348-519) 3889 20 3 (35-90)
Sweden 12417 303 348 (308-387) 1285 74 9 (61-97)
The Netherlands 2938 46 259 (183-334) 2 221 9 5 (19-91)
Great Britain 9955 226 300 (261-339) 5511 49 3 (67-119)
Germany 8339 178 357 (305-409) 6552 29 3 (34-73)
Eastern Europe 23 031 220 376 (324-427) 14 550 42 7 (46-88)
Poland 15 698 105 357 (275-440) 5599 21 7 (37-98)
Russia 1429 13 349 (145-553) 4188 3 9 (0-62)
Hungary 832 48 399 (276-521) 571 9 139 (46-231)
Former Yugoslavia 9 805 374 549 (491-606) 8 763 94 176 (140-213)
Bosnia-Hercegovina 4437 196 537 (461-614) 4 470 57 176 (130-222)
Kosovo 2790 82 869 (646-1092) 2130 18 255 (112-398)
Middle East 15710 402 513 (456-571) 9 445 48 123 (86-160)
Turkey 3651 114 510 (409-610) 2377 22 166 (93-239)
Iraq 5323 110 581 (454-709) 2759 9 4 (25-164)
Iran 4 882 127 438 (345-530) 3245 11 0 (31-130)
North Africa 4078 55 233 (167-299) 1803 5 47 (0-95)
Morocco 2 260 32 210 (133-287) 1198 3 0 (00-113)
Sub-Saharan Africa 10 497 126 259 (206-312) 7 052 17 8 (49-147)
Somalia 3583 50 405 (265-545) 2490 6 142 (28-255)
South Asia 13 063 771 812 (752-871) 0238 121 216 (176-257)
Sri Lanka 3623 120 707 (550-863) 2 834 6 46 (2-90)
India 2447 99 514 (411-616) 1911 17 163 (84-243)
Pakistan 6115 538 978 (894-1061) 4967 95 283 (224-342)
Southeast Asia 6 280 102 253 (202-305) 14 304 31 9 (30-69)
Philippines 1227 30 344 (219-469) 4 642 10 3(15-92)
Vietnam 4303 62 223 (164-283) 4161 8 2 (9-54)

East Asia 2775 22 165 (94-235) 3460 7 3 (11-75)
China 1763 13 137 (62-213) 987 5 4 (8-120)
Central Asia 1347 34 733 (461-1005) 1195 8 218 (65-371)

North America 5812 72 226 (173-279) 5 867 18 50 (27-73)
USA 5025 64 228 (171-284) 5012 10 31 (12-51)
Central America 710 11 267 (111-424) 1032 6 140 (21-259)
South America 3870 84 302 (233-371) 4 342 22 86 (48-125)
Chile 2472 67 328 (242-413) 1999 10 63 (22-103)

Oceania/Pacific 749 6 255 (49-462) 583 2 50 (0-120)

AMI acute myocardial infarction, SER standardized event rate; C/ confidence interval

group. Among men, immigrants from Eastern Europe
constituted the only group with significantly increased risk
of stroke (according to the 95 % confidence intervals)

compared to ethnic Norwegians (see Additional file 1:
Table A3). Among women, immigrants from Former
Yugoslavia had significantly increased risk of stroke
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Region of birth RR (95% Cl)
Men
Norway b 1.00 (reference)
Western Europe -+ 0.88 (0.81, 0.95)
Eastern Europe - 0.98 (0.85, 1.14)
Former Yugoslavia —— 1.50 (1.33, 1.69)
Middle East —— 1.45 (1.29, 1.62)
North Africa - 0.61 (0.46, 0.80)
Sub-Saharan Africa —-— 0.80 (0.66, 0.96)
South Asia —— 2.27 (2.08, 2.49)
Southeast Asia - 0.64 (0.52, 0.78)
East Asia —-— 0.38 (0.25, 0.58)
Central Asia —_— 1.95 (1.38, 2.74)
North America - 0.58 (0.46, 0.74)
Central America —_—— 0.66 (0.36, 1.20)
South America —— 0.82 (0.66, 1.02)
Oceania/Pacific —— 0.49 (0.22, 1.10)
Women
Norway b 1.00 (reference)
Western Europe - 0.68 (0.60, 0.77)
Eastern Europe —— 0.65 (0.48, 0.88)
Former Yugoslavia — 1.75 (1.43, 2.15)
Middle East T 1.20 (0.91, 1.60)
North Africa —_—— 0.63 (0.26, 1.52)
Sub-Saharan Africa —— 0.77 (0.48, 1.24)
South Asia —— 2.10 (1.76, 2.51)
Southeast Asia —-— 0.47 (0.33, 0.67)
East Asia —— 0.38 (0.18, 0.79)
Central Asia > 2.18 (1.09, 4.36)
North America —— 0.51 (0.32, 0.80)
Central America 1.30 (0.59, 2.90)
South Ameria —— 0.90 (0.60, 1.37)
Oceania/Pacific 0.55 (0.14, 2.22)

T T T T T T T
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Fig. 1 Forest plot showing incidence rate ratios for AMI events in subjects aged 35-64 years. The rate ratios are adjusted for age and calendar year

compared to ethnic Norwegians, and immigrants from
South Asia had an excess risk that was borderline signifi-
cant according to the confidence intervals.

Discussion
This is the first study to describe the burden of CVD
among immigrants in Norway. Our study showed that eth-
nic groups vary in risk of AMI and stroke, and identified
differences in absolute and relative risk. Particularly immi-
grants from South Asia and Former Yugoslavia were found
to have increased risk of AMI compared to other ethnic
groups. Despite the relatively young population, we found
high numbers of attributable cases in these two immigrant
groups. The high numbers illustrate potential benefits from
prevention in these high-risk groups. When compared to
ethnic Norwegians, immigrants from Western Europe,
North America, East Asia and Southeast Asia had reduced
risk of AMI, both men and women. Only immigrants from
South Asia had increased risk of stroke in both men and
women.

Immigrants from South Asia had the highest risk of
AMI, more than two-fold compared to ethnic Norwegians.

They also had increased risk of stroke. This corresponds
well with previous Norwegian studies reporting high levels
of cardiovascular risk factors among South Asian immi-
grants [13, 16, 21, 22]. It was also concordant with the UK
literature reporting a particularly high risk of CHD and a
higher risk of stroke in immigrants from South Asia com-
pared to the general UK population [5, 7, 23]. While
elevated risk of CHD in South Asian populations has been
documented in several countries around the world [24],
the risk of stroke in this immigrant group has received
less focus, especially outside the UK. Within the UK,
however, immigrants from South Asia have been found
to have increased risk of stroke compared to the native
European population in England and Wales, but not in
Scotland [25, 26]. The latter possibly due to high stroke
rates in the white Scottish comparison population. South
Asians come from a region with a high prevalence of
stroke, especially in the urban areas. It has been stated
that South Asia probably contributes to more than 40 %
of the worlds’ stroke related deaths [27]. This fraction is,
however, somewhat uncertain, since there is a general lack
of population-based studies on the occurrence of stroke in
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Table 2 Age standardized stroke event rates per 100 000 person-years, subjects aged 35-64 years, CVDNOR 1994-2009

Men, n=1 288 313 Women, n=1 348 744
Country or region of birth N Strokes SER (95 % Cl) N Strokes SER (95 % Cl)
Norway 1194 414 25528 194 (191-196) 1160 158 15112 116 (115-118)
Western Europe 56 603 715 180 (166-193) 45 521 394 102 (92-112)
Denmark 10 581 186 206 (176-236) 9474 103 109 (87-130)
Finland 3248 74 340 (262-418) 3889 49 155 (112-199)
Sweden 12417 169 199 (169-229) 11285 93 100 (80-120)
The Netherlands 2938 27 159 (98-219) 2221 12 72 (31-113)
Great Britain 9 955 107 145 (117-172) 5511 48 95 (68-122)
Germany 8339 81 161 (126-196) 6 552 45 88 (62-114)
Eastern Europe 23 031 86 157 (123-192) 14 550 76 110 (84-136)
Poland 15 698 36 145 (90-200) 5599 43 148 (101-196)
Russia 1429 6 177 (22-331) 4188 15 77 (33-120)
Hungary 832 30 215 (131-299) 571 5 87 (9-165)
Former Yugoslavia 9 805 158 270 (227-313) 8763 71 127 (96-157)
Bosnia-Hercegovina 4 437 78 231 (179-283) 4 470 52 151 (109-192)
Kosovo 2790 24 275 (153-398) 2130 1 188 (59-316)
Middle East 15710 133 192 (154-230) 9 445 51 127 (88-165)
Turkey 3651 42 211 (143-279) 2377 13 76 (29-123)
Iraq 5323 49 248 (163-332) 2759 20 273 (141-404)
Iran 4 882 32 148 (87-209) 3245 14 103 (47-159)
North Africa 4078 26 125 (74-176) 1803 4 2 (0-66)
Morocco 2 260 10 76 (26-126) 1198 3 33 (0-74)
Sub-Saharan Africa 10 497 111 251 (197-304) 7 052 23 3 (44-122)
Somalia 3583 49 464 (306-622) 2490 7 4 (9-159)
South Asia 13 063 214 242 (208-276) 10 238 17 199 (161-238)
Sri Lanka 3623 33 208 (116-299) 2 834 14 114 (45-182)
India 2 447 39 201 (137-265) 1911 13 120 (52-188)
Pakistan 6115 135 264 (219-309) 4967 86 250 (194-306)
Southeast Asia 6 280 74 176 (134-218) 14 304 124 179 (144-214)
Philippines 1227 16 180 (90-269) 4 642 43 171 (111-230)
Vietnam 4303 48 167 (117-218) 4161 46 183 (128-237)
East Asia 2775 31 250 (162-339) 3460 16 76 (38-115)
China 1763 21 227 (130-324) 1987 6 55 (9-100)
Central Asia 1347 6 125 (18-232) 1195 8 259 (75-442)
North America 5812 39 122 (83-161) 5 867 40 110 (75-144)
USA 5025 36 128 (85-170) 5012 37 119 (80-158)
Central America 710 6 139 (27-250) 1032 9 182 (53-310)
South America 3870 42 182 (124-239) 4 342 34 115 (74-157)
Chile 2472 34 206 (132-280) 1999 15 104 (50-159)
Oceania/Pacific 749 2 60 (0-144) 583 2 55 (0-132)
SER standardized event rate, C/ confidence interval
this region [27]. Moreover, most of the available studies The increased risk of CVD in South Asians is not fully

are conducted in India and might not be generalizable for ~ understood, but differences in metabolic risk factors
the whole region. have been found to account for some of their excess risk
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Region of birth RR (95% ClI)
Men
Norway b 1.00 (reference)
Western Europe + 0.93 (0.86, 1.00)
Eastern Europe —— 0.78 (0.63, 0.97)
Former Yugoslavia —— 1.28 (1.09, 1.49)
Middle East -+ 0.99 (0.84, 1.18)
North Africa —— 0.59 (0.40, 0.86)
Sub-Saharan Africa —— 1.44 (1.20, 1.74)
South Asia —— 1.26 (1.10, 1.44)
Southeast Asia —— 0.94 (0.75, 1.19)
East Asia —— 1.09 (0.77, 1.55)
Central Asia g 0.71 (0.32, 1.58)
North America —— 0.64 (0.46, 0.87)
Central America —_—— 0.72 (0.32, 1.61)
South Ameirica — 0.83 (0.61, 1.12)
Oceania/Pacific —— 0.33(0.08, 1.33)
Women
Norway b 1.00 (reference)
Western Europe - 0.87 (0.79, 0.96)
Eastern Europe —— 0.93 (0.74, 1.16)
Former Yugoslavia —— 1.06 (0.84, 1.34)
Middle East —— 0.97 (0.74, 1.28)
North Africa —— 0.38 (0.14, 1.02)
Sub-Saharan Africa — 0.77 (0.51, 1. 17)
South Asia —— 1.58 (1.32, 1.90)
Southeast ASia —— 1.43 (1.20, 1.70)
East Asia —— 0.69 (0.42, 1. 13)
Central Asia 1.71 (0.85, 3.41)
North America —— 0.92 (0.68, 1 26)
Central America 1.51 (0.78, 2.89)
South America —1— 1.09 (0.78, 1.53)
Oceania/Pacific —_—— 0.46 (0.12, 1.84)

T T T T T T T
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Fig. 2 Forest plot showing incidence rate ratios for stroke events in subjects aged 35-64 years. The rate ratios are adjusted for age and calendar year

-

[7, 10]. A recent prospective study from the UK found
that waist-to-hip ratio was the individual risk factor that
best attenuated the increased risk of CHD in South Asians
compared to Europeans, although the risk remained sig-
nificantly elevated also after adjustment (SHR 1.45, 95 %
CL: 1.28-1.64) [7]. With regard to stroke, the same study
found that diabetes was associated with a 2.5-fold age-
adjusted incidence of stroke in South Asian immigrants.
Former Yugoslavia and Eastern Europe are two geo-
graphically close regions. Yet we found that immigrants
from these two regions had very different risk of CVD.
While immigrants from Former Yugoslavia had elevated
risk of both AMI and stroke (the latter in men only) com-
pared to ethnic Norwegians, the immigrants from Eastern
Europe had similar or even reduced risk of both cardiovas-
cular endpoints. This difference in risk might be related to
differences in selection through migration. Concerning im-
migrants from Former Yugoslavia, increased risk of CVD
could be related to traumatic war experiences prior to mi-
gration, since a great proportion of Former Yugoslavian
immigrants came as refugees from the Balkan wars in the
1990’s [28]. Posttraumatic stress disorder is associated with
increased risk of CVD [29], and psychosocial factors

constitute an important risk factor for myocardial in-
farction and stroke [30, 31]. Immigrants from Eastern
European countries are, to a greater extent, labor mi-
grants and may therefore be a healthier group compared
to the general population in their home countries. This
would be in accordance with the “healthy immigrant
effect” hypothesis [32]. Studies addressing the healthy im-
migrant phenomenon in Europe have, however, found
mixed results [32, 33]. One of these studies grouped all
immigrants into one group and compared them with the
native populations of their host countries [33]. This has its
limitations since different immigrant groups often vary in
health, as demonstrated in the present study. Also, the
healthy immigrant effect might not apply equally to all
immigrant groups. The healthy immigrant effect is, for ex-
ample, not evident in refugees [32]. In our study, lower
risk was observed in immigrants from North America and
Western Europe. This reduced risk could potentially, to
some extent, be explained by the healthy immigrant effect
since the reasons for migration for these groups are often
related to work, family or education [34].

Another explanation for the healthy immigrant effect is
the phenomenon of unhealthy remigration, also known as
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the “salmon bias” [35]. The salmon bias refers to a com-
pulsion to die in ones birthplace, and is expected to be
more pronounced among older immigrants, since they
often experience more health problems than the young.
Although originally proposed for mortality data, the sal-
mon effect is also relevant for morbidity data. Since we
cannot rule out the possibility that immigrants in our
study have experienced AMIs or strokes when visiting
their home countries, the salmon effect could potentially
contribute to an underestimation of AMI and stroke rates.
The investigation of the salmon bias has, however, so far
been scarce and the documentation of an existing effect is
ambiguous [35-37]. A recent European study examining
emigration from Denmark found, in fact, lower probability
of emigration for immigrants with severe diseases [36].

The high risk of CVD found in immigrants from Former
Yugoslavia is in accordance with high levels of cardiovas-
cular risk factors previously reported in a Norwegian study
for this group [16]. Studies from Sweden and Switzerland
have also reported high levels of cardiovascular risk factors
in Former Yugoslavian immigrants compared to the native
populations, especially concerning overweight and obesity
[38-40]. Available information on CVD mortality and
morbidity in Former Yugoslavian countries also indicate
high rates compared to Western European countries
[41, 42]. Only a few studies have reported the incidence
of AMI among immigrants from Former Yugoslavia set-
tled in Western European countries, and the findings are
somewhat inconclusive [6, 8, 43]. A case—control study
from Austria reported increased risk of AMI in young
(<40 years) immigrants from Former Yugoslavia compared
to native Austrians [43]. Meanwhile, a register-based study
in Denmark did not find increased risk of CVD in this im-
migrant group compared to native Danes. The women
from Former Yugoslavia did, however, have increased risk
in some adjusted models [6]. All estimates in the Danish
study were adjusted for marital status. In the present study,
we have only adjusted for age and calendar year. Thus, a
lack of social support indicated by marital status could pos-
sibly explain some of the discordance between the two
studies. A more likely explanation, however, relates to the
fact that the Danish study did not include war refugees.
Consequently, the Former Yugoslavian group in the Danish
study differed from our Former Yugoslavian group in a
way that could have influence their risk of CVD.

As discussed, we found the highest risk of AMI in
South Asians, and interestingly, the lowest risk was also
observed in immigrants from Asia. Immigrants from
East Asia had the lowest risk of AMI and Southeast
Asians the second lowest risk. This concur with the
literature reporting lower burdens of CHD in East Asian
compared to Western populations, but not a lower
burden of stroke [44]. The latter also confirmed in our
study.
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African Caribbean immigrants in the UK have reduced
risk of CHD and increased risk of stroke compared to
the European UK population [7]. We found decreased
risk of AMI and increased risk of stroke in immigrant
men from Sub-Sahara African countries concordant with
UK findings.

In this study, we focused on a relatively young population
regarding CVD risk. Consequently, our results concern the
risk of getting CVD in an early age. In agreement with our
findings, studies have found that South Asians acquire
AMI in earlier ages than other ethnicities [30, 45]. Also, the
previously mentioned study from Austria reporting in-
creased risk of AMI in young immigrants from Former
Yugoslavia [43] corresponds with this.

The mechanisms underlying ethnic differences in CVD
are complex, and to explain the causes of the observed
differences in CVD rates is beyond the scope of this paper.
Numerous studies have tried to find explanations for the
increased risk of CVD in South Asian populations, but so
far, it is still not clear how much can be attributed to gen-
etic and/or environmental factors [46]. Referring to the
different stages of the epidemiologic transition, we know
that CVD rates are dynamic and can be influenced by so-
cietal, demographic and environmental changes [47].

Strengths and limitations

This study has several strengths. First, the large sample
size and national coverage make the findings relevant for
the whole population in Norway in this age range. Also,
the large sample size made it possible to analyse some
countries of birth individually. This is a strength because
of the heterogeneity in aggregated ethnic groups [48].

By using register data we minimize possible selection
bias, although selection bias related to different use of
health care services in immigrant groups [49] could
possibly be present. We expect this to be limited, however,
since we have focused on serious conditions and also
included CVD deaths outside hospital. By updating the
population at risk every year, we took possible emigra-
tion into account. Only immigrants with a valid per-
sonal ID were included in this study, thereby excluding
individuals currently seeking asylum, tourists and some
guest workers [50].

The AMI diagnosis in hospital discharge data in Norway
have not been validated, but studies from Denmark and
the Netherlands indicate a positive predictive value of
about 90 % when AMI is coded as the main diagnosis
[51-53]. Incident stroke discharge diagnosis was validated
for a region in central Norway for the period 1994—-1996
using a population-based stroke register as “gold-standard”
[54]. The discharge data were found to overestimate the
incidence of stroke, but the validity improved when
restricting to acute stroke diagnoses. In the present study
we have only used acute diagnoses for both endpoints and
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have also made other restrictions to reduce possible over-
estimation such as using the 28-day rule when defining
events (see the methods section) and restricting the num-
ber of events per person. Also, since overdiagnosis and
wrong coding of incident strokes happen more often when
stroke is the secondary diagnosis [55], we excluded strokes
coded as secondary diagnosis when the main diagnosis was
rehabilitation. In a Danish study, AMI coded as secondary
diagnosis had only slightly poorer validity, and the combin-
ation of National Hospital Registry data and National
Death Registry data were found to be valid for monitoring
CVD in the Danish population [53]. The validity of both
the AMI and stroke diagnoses is unlikely to differ across
the ethnic groups, and thus, it is unlikely that the validity
of endpoints may have had any influence on the observed
ethnic differences in CVD.

Conclusions
This study identified ethnic differences in risk of AMI
and stroke in the Norwegian population aged 35-64
years. In particular, immigrants from South Asia and
Former Yugoslavia had increased risk of AMI and
stroke compared to ethnic Norwegians. Immigrants
from North Africa, Western Europe, Eastern Europe
and North America had similar or reduced risk com-
pared to ethnic Norwegians.

This study has identified ethnic groups that should be
targeted in future prevention efforts in order to reduce
social health inequalities in Norway.
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Table A1 Regions and countries of birth. Norwegian residents aged 35-64, 1994-2009

Regions

Countries

Norway
(n=2354572)

Norway

Western Europe
(n=102 124)

Denmark (n=20 055), Greenland (n=168), Finland (n=7 137), Fareo islands (n=795), Sweden
(n=23 702), Belgium (n=757), Andorra (n=4), France (n=2 972), Gibraltar (n=7), Greece
(n=686), Ireland (n=569), Italy (n=1 640), Malta (n=48), Netherlands (n=5 159), Liechtenstein
(n=12), Luxembourg (n=29), Monaco (n=4), Portugal (n=631), San Marino (n=4), Spain (n=1
607), Great Briatin (n=15 466), Switzerland (n=1 031), Germany (n=14 891), Austria (n=936),
Israel (n=451), Cyprus (n=106), Iceland (n=3 257)

Eastern Europe

Estonia (n=636), Bulgaria (n=1 066), Belarus (n=267), Latvia (n=711), Poland (n=21 297),

(n=37581) Romania (n=1 403), Lithuania (n=2 456), Moldavia (n=110), Russia (n=5 617), Ukraine (n=844),
Hungary (n=1 403), Slovakia (n=853), Georgia (n=105), Czech Republic (n=813)

Former Yugoslavia | Albania (n=142), Croatia (n=1 693), Slovenia (n=111), Bosnia-Hercegovina (n=8 907),

(n=18568) Macedonia (n=1 296 ), Serbia (n=1 325), Montenegro (n=174), Kosovo (n=4 920)

Middle East Turkey (n=6 028), Armenia (n=99), Aserbadsjan (n=142), Bahrain (n=8), The United Arab

(n=25 155) Emirates (n=11), Iraq (n=8 082), Iran (n=8 127), Jordan (n=113), Kuwait (n=102), Lebanon (n=1
075), Palestine (n=639), Qatar (n=3), Saudi Arabia (n=35), Syria (n=636), Yemen (n=52), Oman
(n=3)

North Africa Tunisia (n=604), Algeria (n=823), Egypt (n=475), Libya (n=91), Morocco (n=3 458), Sudan

(n=5881) (n=362), Southern Sudan(n=68)

Sub-Saharan Africa | Angola (n=149), Botswana (n=37), Equatorial Guinea (n=3), Ivory Coast (n=116), Eritrea (n=1

(n=17 549) 644), Ethiopia (n=1 733), Djibouti (n=8), Gambia (n=767), Ghana (n=1 072), Guinea (n=39),
Guinea-Bissau (n=10), Cameroon (n=165), Cape Verde (n=350), Congo (n=520), Liberia (n=267),
Madagascar (n=168), Mauritania (n=11) Mauritius (n=154), Namibia (n=50) Nigeria (n=518),
Mozambique (n=83), Zimbabwe (n=132), Rwanda (n=182), Sdo Tomé and Principe (n=1),
Senegal (n=73), Central African Republic (n=2), Sierra Leone (n=208), Somalia (n=6 073), South
Africa (n=649), Burundi (n=221), Comoros (n=4), Benin (n=8), Gabon (n=7), Congo-Brazzaville
(n=46), Kenya (n=586), Lesotho (n=4), Malawi (n=59), Mali (n=23), West-Sahara (n=4), Niger
(n=12), Réunion (n=6), Seychelles (n=11), Swaziland (n=6), Chad (n=15), Togo (n=55), Tanzania
(n=611), Uganda (n=496), Zambia (n=171), Burkina Faso (n=20)

South Asia Bangladesh (n=395), Bhutan (n=13), Myanmar (n=740), Sri Lanka (n=6 457), India (n=4 358),

(n=23301) Nepal (n=256), Pakistan (n=11 082)

Southeast Asia Brunei (n=4), Phillipines (n=5 869), Indonesia (n=477), Cambodia (n=165), Laos (n=46)

(n=20584) Malaysia (n=326), East-Timor (n=>5), Singapore (n=275), Thailand (n=4 953), Vietnam (n=8 464)

East Asia Taiwan (n=137), Hongkong (n=665), Japan (n=879), China (n=3 750), North-Korea (n=18),

(n=6 235) South-Korea (n=698), Mongolia (n=24), Macao (n=64)

Central Asia Afghanistan (n=1980), Kasakhstan (n=351), Tadsjikistan (n=29), Turkmenistan(n=25),

(n=2542) Kirgisistan(n=45), Uzbekistan (n=112)

North America Canada (n=1 642), USA (n=10 037)

(n=11679)

Central America Cayman Islands (n=2), Costa Rica (n=62), Cuba (n=335), Dominica (n=9), the Dominican

(n=1742) Republic (n=190), Grenada (n=14), Guadeloupe (n=4), Haiti (n=13), Honduras (n=54), Jamaica
(n=91), Martinique (n=9) Mexico (n=397), Aruba (n=19), Curacao (n=42), Nicaragua (n=64),
Panama (n=27), El Salvador (n=75), Saint Lucia (n=3), Saint Vincent and Grenadine (n=2),
Trinidad and Tobago (n=272), American Virgin Islands (n=2), British Virgin Islands (n=1),
Barbados (n=17), Antigua and Barbuda (n=2), Belize (n=8), Bahamas (n=7), Bermuda (n=5),
Puerto Rico (n=16)

South America Guatemala (n=89), Argentina (n=483), Bolivia (n=132), Brazil (n=1 138), Guyana (n=74), Chile

(n=8212) (n=4 471), Columbia (n=619), Ecuador (n=166), French Guyana (n=1), Paraguay (n=45), Peru
(n=519), Surinam (n=23), Uruguay (n=160), Venezuela (n=292)

Oceania/Pacific American Samoa (n=1), Australia (n=931), Salomon Islands (n=2), Cook islands (n=4), Fiji

(n=1332) (n=24), French Polynesia (n=3), Tonga (n=5) Tuvalu (n=1), New Zealand (n=346), Federated

states of Micronesia (n=1), Samoa (n=2), New Caledonia (n=6), Papua New Guinea(n=>5), Palau
(n=1)




Table A2 Age standardized AMI event rates per 100 000 person-years for subjects aged 35-89 years,

CVDNOR 1994-2009

Men 35-89 years, n=1 634 520

Women 35-89 years, n=1 682 539

Country or region of birth N AMIs SER (95 % CI) N AMIs SER (95 % CI)
Norway 1472970 156129 992 (987-997) 1542 459 95142 441 (438-444)
Western Europe 59931 2768 1009 (965-1054) 51919 1486 367 (348-385)
Denmark 11830 986 1156 (1073-1239) 11004 403 363 (326-400)

Finland 3384 174 1397 (1125-1669) 4148 70 337 (252-422)

Sweden 13191 526 937 (843-1031) 13139 384 380 (342-419)

The Netherlands 3062 104 1052 (785-1320) 2416 37 283 (187-379)

Great Britain 10 268 340 824 (700-948) 6591 245 395 (345-444)

Germany 8 664 300 908 (781-1035) 7 390 198 370 (318-423)

Eastern Europe 23 801 545 1216 (1102-1329) 15324 154 371 (309-433)
Poland 16 083 252 1243 (1067-1418) 5804 51 316 (217-415)

Russia 1499 36 1181 (783-1579) 4396 23 374 (217-530)

Hungary 938 115 1079 (831-1326) 675 39 541 (360-722)

Former Yugoslavia 10370 556 1167 (1019-1316) 9582 269 702 (603-801)
Bosnia-Hercegovina 4852 326 1087 (919-1255) 5055 179 684 (565-804)
Kosovo 2 838 91 1290 (646-1933) 2226 37 971 (578-1364)

Middle East 15952 501 1026 (840-1211) 9788 99 542 (389-694)
Turkey 3684 142 715 (552-877) 2425 40 736 (405-1067)

Iraq 5384 139 1229 (849-1609) 2 844 22 493 (215-771)

[ran 5008 165 991 (714-1268) 3427 30 510 (234-786)

North Africa 4122 73 630 (354-907) 1847 9 136 (31-241)
Morocco 2277 43 590 (252-927) 1223 5 116 (00-236)

Sub-Saharan Africa 10641 161 636 (444-828) 7 301 34 247 (150-343)
Somalia 3623 60 851 (324-1378) 2575 9 170 (57-284)

South Asia 13491 916 1327 (1169-1485) 10 829 210 619 (511-727)
Sri Lanka 3760 135 1329 (786-1873) 3045 25 453 (226-680)

India 2 560 131 895 (679-1111) 2075 51 649 (461-838)

Pakistan 6283 633 1533 (1306-1761) 5171 131 646 (477-815)

Southeast Asia 6467 155 564 (436-692) 14596 75 312 (223-402)
Philippines 1258 32 288 (183-393) 4725 11 53 (13-93)

Vietnam 4433 100 528 (383-673) 4337 40 291 (191-391)

East Asia 2975 63 672 (493-852) 3724 29 225 (140-311)
China 1949 51 679 (485-874) 2216 18 196 (105-286)

Central-Asia 1382 39 1285 (344-2226) 1235 12 668 (42-1294)
North America 6976 377 768 (691-846) 7 746 336 355 (315-394)
USA 6 089 351 791 (709-874) 6724 288 331(292-371)

Central-America 731 19 927 (346-1508) 1058 6 101 (15-187)
South-America 3942 113 916 (594-1238) 4495 45 292 (192-393)
Chile 2500 76 476 (278-673) 2071 18 216 (87-346)

Oseania/Pacific 769 15 1236 (511-1961) 636 6 164 (28-300)

AMI: Acute Myocardial Infarction; SER: Standardized event rate; CI: Confidence Interval



Table A3 Age standardized stroke event rates per 100 000 person-years for subjects aged 35-89 years,

CVDNOR 1994-2009

Men 35-89 years, n=1 634 520

Women 35-89 years, n=1 682 539

Country or region of birth N Strokes  SER (95 % CI) N  Strokes SER (95 % CI)
Norway 1472970 114072 744 (739-748) 1542459 109861 509 (506-512)
Western Europe 59931 1858 763 (723-804) 51919 1990 495 (473-517)
Denmark 11 830 696 846 (774-919) 11 004 535 492 (449-536)

Finland 3384 125 847 (650-1043) 4148 122 545 (439-651)

Sweden 13191 356 727 (641-813) 13139 510 501 (458-545)

The Netherlands 3062 73 743 (524-962) 2416 44 334 (230-438)

Great Britain 10 268 196 641 (520-762) 6591 299 488 (433-543)

Germany 8 664 220 883 (748-1018) 7390 266 505 (444-567)

Eastern Europe 23801 350 872 (773-971) 15 324 224 492 (423-562)
Poland 16 083 159 924 (767-1081) 5 804 82 442 (330-553)

Russia 1499 13 404 (172-636) 4396 44 526 (350-702)

Hungary 938 82 952 (681-1223) 675 41 600 (404-796)

Former Yugoslavia 10370 290 725 (607-844) 9582 249 653 (558-749)
Bosnia-Hercegovina 4852 182 711 (572-850) 5055 179 666 (550-781)
Kosovo 2 838 29 867 (123-1610) 2226 26 661 (372-951)

Middle East 15952 191 679 (493-865) 9788 93 449 (320-578)
Turkey 3684 59 440 (263-617) 2425 23 555 (233-876)

Iraq 5384 65 676 (387-965) 2 844 37 566 (363-769)

Iran 5008 52 682 (377-987) 3427 27 351 (156-545)

North Africa 4122 40 437 (167-708) 1847 17 465 (209-721)
Morocco 2277 15 114 (51-177) 1223 10 347 (97-597)

Sub-Saharan Africa 10641 158 760 (542-977) 7 301 55 404 (273-534)
Somalia 3623 64 885 (566-1204) 2575 13 201 (61-342)

South Asia 13491 295 655 (515-796) 10 829 200 628 (512-744)
Sri Lanka 3760 41 403 (200-606) 3045 29 413 (216-610)

India 2560 61 677 (405-948) 2075 39 547 (364-731)

Pakistan 6283 186 682 (494-870) 5171 127 736 (542-929)

Southeast-Asia 6 467 159 696 (550-841) 14 596 208 593 (480-706)
Philippines 1258 21 522 (62-983) 4725 50 244 (139-348)

Vietnam 4433 120 709 (547-870) 4337 115 647 (510-784)

East Asia 2975 74 703 (530-876) 3724 72 526 (398-654)
China 1949 59 700 (513-888) 2216 47 488 (348-628)

Central-Asia 1382 8 308 (2-614) 1235 15 1132 (234-2030)
North-America 6976 317 643 (573-713) 7746 427 478 (430-525)
USA 6 089 285 638 (564-711) 6724 381 479 (428-530)

Central-America 731 18 886 (353-1419) 1058 12 369 (81-657)
South-America 3942 60 691 (376-1005) 4495 69 472 (339-605)
Chile 2500 40 443 (94-791) 2071 26 361 (184-539)

Oseania/Pacific 769 7 633 (92-1174) 636 8 227 (68-387)

SER: Standardized event rate; CI: Confidence Interval
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ABSTRACT

Objectives The objective was to prospectively examine
potential differences in the risk of first cardiovascular
disease (CVD) events between South Asians and
Europeans living in Norway and New Zealand, and to
investigate whether traditional risk factors could explain
any differences.

Methods We included participants (30—74 years) without
prior CVD in a Norwegian (n=16 606) and a New Zealand
(n=129449) cohort. Ethnicity and cardiovascular risk
factor information was linked with hospital registry data
and cause of death registries to identify subsequent CVD
events. We used Cox proportional hazards regression

to investigate the relationship between risk factors and
subsequent CVD for South Asians and Europeans, and to
calculate age-adjusted HRs for CVD in South Asians versus
Europeans in the two cohorts separately. We sequentially
added the major CVD risk factors (blood pressure, lipids,
diabetes and smoking) to study their explanatory role in
observed ethnic CVD risk differences.

Results South Asians had higher total cholesterol (TC)/
high-density lipoprotein (HDL) ratio and more diabetes at
baseline than Europeans, but lower blood pressure and
smoking levels. South Asians had increased age-adjusted
risk of CVD compared with Europeans (87%—92% higher
in the Norwegian cohort and 42%—75% higher in the New
Zealand cohort) and remained with significantly increased
risk after adjusting for all major CVD risk factors. Adjusted
HRs for South Asians versus Europeans in the Norwegian
cohort were 1.57 (95% Cl 1.19 to 2.07) in men and 1.76
(95% Cl 1.09 to 2.82) in women. Corresponding figures for
the New Zealand cohort were 1.64 (95% Cl 1.43 to 1.88)
in men and 1.39 (95%Cl 1.11 to 1.73) in women.
Conclusion Differences in TC/HDL ratio and diabetes
appear to explain some of the excess risk of CVD in

South Asians compared with Europeans. Preventing
dyslipidaemia and diabetes in South Asians may therefore
help reduce their excess risk of CVD.

INTRODUCTION
Immigrants from South Asia (countries in the
Indian subcontinent, such as India, Pakistan,

Strengths and limitations of this study

» This is one of few prospective investigations of
cardiovascular disease and its risk factors in South
Asian populations living in Western countries.

» A special feature is the inclusion of prospective data
from two different countries enhancing the external
validity of the findings.

» The two cohorts differed in how participants were
recruited and how information about risk factor
levels was collected at baseline.

» A limited number of South Asians in the Norwegian
cohort and short follow-up time in the New Zealand
cohort restricted the statistical power in our
analyses.

Sri Lanka and Bangladesh) who have settled
in Western countries have increased risk of
cardiovascular disease (CVD) compared with
their host populations of European origin.1
This excess risk has been documented in
several countries, especially the increased
risk of coronary heart disease (CHD).2_4 We
recently found that South Asian immigrants
in Norway had more than twofold higher risk
of acute myocardial infarction (AMI) than
ethnic Norwegians and an increased risk of
stroke (26% higher in men and 58% higher
in women).5 Collaborators in New Zealand
found a higher risk of CVD in Indians
compared with the European New Zealand
population.6

The mechanisms underlying the increased
risk of CVD in South Asian populations are
to a great extent unknown.! Few studies
have examined the prospective relationship
between CVD risk factors and subsequent
CVD among South Asians,4 = despite the
urgent need for such studies being addressed
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for more than 10 years ago.'’ The two large and multina-
tional case—control studies, INTERHEART"! and INTER-
STROKE,'” indicate that different populations share the
same risk factors and that the relationship between risk
factors and CGVD is similar in different populations around
the world. The INTERHEART study also concluded that
the earlier age of AMI in South Asians can be largely
attributed to higher risk-factor levels at younger ages."”
However, the INTERHEART and INTERSTROKE studies
are both case—control studies. In both Norway and New
Zealand, South Asians have been found to have similar or
higher mean total cholesterol (TC) to high-density lipo-
protein (HDL) ratio and higher prevalence of diabetes
compared with the European majority populations.H"17
However, they also have lower levels of smoking (espe-
cially women) and mean systolic blood pressure (SBP)
than the European majority populations. Whether the
higher risk of CVD among South Asians in Norway and
New Zealand is due to higher levels of certain risk factors
have not previously been studied.

Due to the dearth of prospective data on the relation-
ship between risk factors and CVD among South Asians,
we aimed to prospectively examine possible differences
in the risk of a first CVD event between South Asians
and Europeans using cohort studies from Norway and
New Zealand, and to examine whether traditional CVD
risk factors could explain such differences. Since the
two cohorts differ in several aspects we do not intend to
compare the two cohorts directly, but mainly focus on
within-country comparisons.

MATERIAL AND METHODS

The New Zealand PREDICT-CVD cohort

We used data from the PREDICT-CVD cohort, collected
through use of the PREDICT web-based decision support
program in New Zealand for the assessment and manage-
ment of CVD risk during primary healthcare consul-
tations.'® The study methods and data definitions are
described in detail elsewhere.'® ' In short, the software
has been integrated with commonly used primary care
management systems, and allows systematically coded
CVD risk data to be automatically and anonymously
extracted from patients’ electronic medical records and
augmented where required by primary care staff.'® 1Y
The cardiovascular profile data was subsequently linked,
using an encrypted national health identifier number
to national and regional health datasets with informa-
tion about hospitalisations, deaths, publicly funded drug
dispensing and laboratory test claims and results. '’

The PREDICT software is used in around 35% of New
Zealand primary care practices mainly in the Auckland
and Northland regions,19 which serve around 1.7 million
people, representing around 37% of the New Zealand
population.20 Any patient with their CVD risk assessed by
a general practitioner (GP) or practice nurse into online
PREDICT-CVD forms are included in the PREDICT
cohort.

New Zealand CVD risk management guidelines recom-
mend that all men aged over 45 years and all women
aged over 55 years have a regular CVD risk assessment.”!
Specified high-CVD risk groups, including those of South
Asian ethnicity, are recommended to undergo a risk
assessment 10 years earlier than the general population.

We used PREDICT data from August 2002 to September
2012. Members of the cohort were enrolled and exam-
ined continuously throughout this period via their
contact with the primary healthcare. We included individ-
uals aged 30-74 years since the dataset comprised people
undergoing a risk assessment based on a Framingham
risk score intended for people in this age group.” Using
information from the GP, hospital discharges and medi-
cation dispensing, we excluded persons with a history of
CVD (CHD (including angina), stroke, transient isch-
aemic attack (TIA), peripheral vascular disease, percu-
taneous coronary intervention or coronary artery bypass
grafting), or atrial fibrillation at baseline (n=24 537), and
people with overt renal disease, those who had estimated
glomerular filtration rate £29and those with prior hospi-
talisations for congestive heart failure (HF) or who were
on loop diuretics at baseline (n=1582). Only subjects
with European or Indian background were included.
The risk factor measurements in the PREDICT cohort
were extracted from a standardised electronic template
that primary care practitioners completed. The SBP was
based on the mean of the last two recordings done by
the GP or practice nurse, in most cases with a manual
mercury sphygmomanometer. Blood lipid and glucose
or glycated haemoglobin measurements were carried out
in the community laboratories routinely used by GPs and
smoking status and other risk factor data were measured
using a standard questionnaire completed by a primary
care practitioner.

Cohort of Norway
We included participants from three surveys conducted
during 2000 to 2002 in Oslo, Norway; The Oslo Health
Study (HUBRO), The Oslo Immigrant Health Study
(Il HUBRO) and The Romsas in Motion study (MoRo
II) (n=26 709), which are part of the Cohort of Norway
(CONOR)?; a collection of health data and blood
samples from several Norwegian health surveys. Partici-
pation rates for the three studies were 40%-46%.>

All CONOR surveys followed the same standard
procedure for collection of data from self-adminis-
tered questionnaires, physical measurements and blood
samples. The CONOR questionnaire provided informa-
tion on self-reported diabetes, smoking, use of blood
pressure (BP) and/or lipid-lowering medication and
family history of CVD. All participants attended a clin-
ical examination and non-fasting venous blood samples
were drawn. SBP was measured by an automatic device
(DINAMAP, Criticon, Tampa, FL, USA) after 2min of
seated resting. Three recordings were made at 1-min
intervals. For the analyses we used the average of the
second and third SBP measurements. The blood

Rabanal KS, et al. BMJ Open 2017;7:¢016819. doi:10.1136/bmjopen-2017-016819


http://bmjopen.bmj.com/
http://group.bmj.com

Downloaded from http://bmjopen.bmj.com/ on December 13, 2017 - Published by group.bmj.com

8 Open Access

samples were subsequently measured for TC and HDL
cholesterol.”

Using an 11-digit personal identifier, CONOR data were
linked to hospitalisations and deaths in the Cardiovascular
Disease in Norway (CVDNOR) project, 1994 to 2009.%**
This enabled us to follow CONOR participants for CVD
outcomes (hospitalisations or deaths) occurring after
CONOR examination through 31 December 2009.

We included participants aged 30-74 years at base-
line (n=3871 excluded) to ensure comparable samples
between the Norwegian and New Zealand data. We
excluded participants not born in Norway or South
Asia (n=5651 excluded), pregnant women (n=197),
and participants with prior CVD (CHD, cerebrovascular
disease, atherosclerotic disease, TIA and HF) (n=353) or
atrial fibrillation (n=31) registered in the hospital data
before screening.

Outcomes

In both cohorts, we identified the first CVD event
(non-fatal and fatal) using main or secondary diagnoses
from hospital discharge data or the underlying cause of
death from national mortality statistics. The International
Classification of Diseases (ICD) codes (versions 9 and/or
10) were used to define outcome variables. New Zealand
hospitals used an Australian modification of the ICD-10
classification called ICD10-AM.”

CVD in both cohorts included the following conditions:
CHD; HF; cerebrovascular disease including TIA; diseases
of arteries, arterioles and capillaries including atheroscle-
rosis, aneurysm and dissection as well as embolism and
thrombosis. For the Norwegian cohort, this included
the codes: ICD9: 410-414, 428, 430-438, 440, 441 except
441.7, 442, 443.9, 444; ICD10: 120-125, 150, 160-169, I70-
179, G45. The CVD variable in the New Zealand PREDICT
cohort included the same ICD10 codes as just listed, and
also some additional ICD10-codes (1469, J81, G460-
G468, 7951, 7955, 7958, 7959) plus a list of procedure
codes (too many to be listed here). The PREDICT-CVD
outcome has been described elsewhere.'’

Ethnicity

Ethnicity in the New Zealand PREDICT data was based
on two sources: (1) the PREDICT template filled in by
the GP and (2) the National Health Index dataset, both
according to pre-defined categories. A prioritising algo-
rithm was used to agree on one ethnicityin case of multiple
ethnicities recorded (details can be found in the online
supplementary file entitled the VIEW Ethnicity Protocol).
The system for coding ethnicity in New Zealand enables
identification of Indian people, who account for approxi-
mately 90% of South Asian people living in New Zealand.
The remaining South Asian ethnic groups are classified as
part of the ‘Other Asian’ ethnic group in national health
data and so could not be included here. Indian people
can include both immigrants and individuals who have
been born in New Zealand with parents (or older gener-
ations) who have immigrated. The majority of this group

are immigrants since 76.5% of the people who identified
themselves with the Indian ethnic group in New Zealand
in 2013 were born overseas.”’

For the Norwegian cohort, we used country of birth
merged into larger world regions to define ethnicity.”
We defined South Asians as individuals who migrated to
Norway from Bangladesh, Myanmar, Sri Lanka, Pakistan,
India or Nepal.”” The largest share of South Asians in this
dataset (95%) came from the HUBRO or the -l HUBRO
study. HUBRO and I-HUBRO combined included 1145
Sri Lankans and 780 Pakistanis,g9 indicating that about
50% of the South Asian group (n=2206) in the present
study are Sri Lankans and 35% are Pakistanis.

In general, we refer to the ethnic groups as South
Asians (South Asians in Norway and/or Indians in New
Zealand) and Europeans (ethnic Norwegians and/or
New Zealanders with ethnic European origin). Most Euro-
pean New Zealanders are of British and Irish ancestry, of
whom about three-quarters were born in New Zealand.

Statistical analysis

Baseline characteristics are reported as mean values with
SD for continuous variables and fractions for categorical
variables. We tested the differences between the ethnic
groups adjusted for age by analysis of covariance. We
used Cox regression models to examine the prospective
relationship between baseline risk factors (BP, lipids,
diabetes and smoking) and time until subsequent first
CVD event. People were censored if they died from other
causes (n=961 in PREDICT and n=276 in CONOR).
Cox regression was also used to calculate HRs for CVD
in South Asians versus Europeans using ethnicity as the
exposure variable and adjusting for risk factors. The
order we added the risk factors to the model was based
on the distribution of risk factors in the subpopulations.
This meant that we first introduced the risk factors that
were more prevalent among South Asians compared
with Europeans (diabetes and TC/HDL ratio) and
then added the two less prevalent risk factors (SBP and
smoking). Additional analyses where we added the risk
factors in different orders and looked at each risk factor
in separate models with only age as covariate did not
change the conclusions (Tables Al and A2 in the online
supplementary appendix). Proportional hazards assump-
tions were tested using scaled Schoenfeld residuals.”’ All
analyses were stratified by sex and ethnicity, except for
the analyses where ethnicity was the exposure variable in
which we only stratified by sex. Only complete cases were
included in the analyses. Stata V.14 was used for analyses
in the Norwegian data and Stata V.11 for analysis in the
New Zealand data.

To check whether the use of BP medication at baseline
would impact the analyses where SBP were included, we
repeated the Cox regression analyses excluding people
using antihypertensive medication at baseline. Corre-
spondingly, we also repeated the Cox regression analyses
for TC/HDL ratio without people using lipid-lowering
medication at baseline. In addition, since excluding those
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at highest risk could potentially impact the sensitivity
analyses, we also adjusted for medication use without
excluding anyone from the analyses (Tables A3and A4 in
the online supplementary appendix).

Ethics

The current project was approved by the Regional
Committee for Medical Research Ethics, Health Region
West. The PREDICT study was approved by the Northern
Region Ethics Committee Y in 2003 (AKY/03/12/134),
and later annually approved by the National Multi Region
Ethics Committee since 2007 (MEC07/19/EXP)."” Each
individual CONOR study was approved by the Norwe-
gian Data Inspectorate and evaluated by the Regional
Committee for Medical Research Ethics.”’ Both datasets
contained anonymised data.

RESULTS

Baseline characteristics

The final study sample from the New Zealand cohort
consisted of 129 449 individuals (43% women) of Euro-
pean (87%) or Indian ethnicity (13%) with no history
of CVD, atrial fibrillation or renal disease. Correspond-
ingly for the Norwegian cohort, the final study sample
consisted of 16 606 individuals (54% women) born in
either Norway (87%) or South Asia (13%) with no history
of CVD or atrial fibrillation.

At baseline, the Norwegian cohort was younger than
the New Zealand cohort, and New Zealand women were
older than New Zealand men (table 1). In both cohorts,
South Asians were younger than Europeans.

South Asians had lower levels of TC and HDL and
higher mean levels of TC/HDL ratios than Europeans in
both Norway and New Zealand. South Asians also had the
lowest SBP levels (table 1). These differences persisted
after adjustment for age (P<0.05 for differences between
ethnic groups—results not shown).

The diabetes baseline prevalence was higher among
South Asians compared with Europeans in both cohorts
(table 1). The difference in diabetes were the same after
adjustment for age (P<0.001). Antihypertensive and
lipid-lowering treatments were generally more prevalent
among South Asians than Europeans, and more prevalent
in the New Zealand cohort compared with the Norwegian
cohort. Cigarette smoking was more common among
Europeans than South Asians, and practically none of the
South Asian women smoked. Mean follow-up time was
significantly longer in the Norwegian cohort than in the
New Zealand cohort (table 1).

CVD events

During follow-up, we observed 2654 CVD events among
129 449 individuals in the New Zealand cohort (378 874
person-years) and 743 new CVD events among the 16 606
individuals in the Norwegian cohort (139 470 person-
years). The overall crude rates were 700 per 100 000
person-years in the New Zealand cohort and 533 per 100

000 person-years in the Norwegian cohort. Ethnic specific
rates for men and women in the two cohorts are shown
in table 2 and in Tables A5-A8 of the online supplemen-
tary appendix. Also crude rates and age-adjusted HRs of
CVD by risk factors, ethnic groups, cohort and gender
can be found in the same tables (online supplementary
appendix).

Prospective associations between risk factors and CVD
Increasing age was significantly associated with risk of
CVD in both ethnic groups in both cohorts (table 2).
The age effect was very similar within the countries for
both ethnic groups and gender, but was stronger in the
Norwegian cohort compared with the New Zealand
cohort. After adjustment for age, the traditional CVD
risk factors were positively associated with CVD in both
ethnic groups, across gender and country. Whereas all
the risk factor—CVD event associations were statistically
significant in Europeans, the 95% Cls were wider and
the results not always statistically significant among South
Asians. The relationship between SBP, TC/HDL ratio,
smoking and subsequent CVD appeared to be weaker in
Indian men compared with European men in the New
Zealand cohort. The prospective association between the
risk factors and CVD changed little after adjusting for the
other risk factors in addition to age (results not shown).
In the sensitivity analyses where we either adjusted for
medication use (Table A3 in the Appendices) or excluded
people using BP- and lipid lowering medication at base-
line (results not shown), the estimates for the prospective
associations between risk factors and CVD were similar
as in the main analyses. However, for women in the New
Zealand cohort, after excluding people on lipid-lowering
medication, the HR for TC/HDL ratio changed to 1.12
(95%CI 0.91 to 1.39) for Indian women and to 1.20
(95% CI 1.12 to 1.27) for European women.

Ethnic difference in CVD

South Asians of both genders in Norway and New Zealand
had increased risk of CVD compared with the European
majority populations (table 3), with age-adjusted HRs
ranging from 1.42 to 1.92. After adjustment for TC/HDL
ratio and diabetes, the HRs for South Asians versus Euro-
peans were reduced and no longer significant in women.
Additional adjustments for SBP and smoking increased
the HRs again so that South Asians in both countries
had significantly increased risk of CVD compared with
Europeans. After adjustment for age, TC/HDL ratio,
diabetes, SBP and smoking, the HRs for the excess risk in
South Asians compared with Europeans varied from 1.39
to 1.76. The largest reduction in risk estimate after full
adjustment was seen in South Asian men in the Norwe-
gian cohort where the HR was lowered by approximately
38% after adjusting for the four major risk factors. The
smallest reduction in risk estimate after adjustment was
among South Asian women in the New Zealand cohort
where the risk estimate was only reduced by 7% (from
1.42 to 1.39).
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Men Women

European Indian European Indian

N 63 319 9997 49 094 7039
Age range 30.0-74.0 30.0-74.0 30.0-74.0 30.0-74.0
HDL cholesterol (mmol/L 1.29 (0.4) 1.14 (0.3 1.59 (0.5) 1.30(0.3)
TC/HDL ratio 4.35(1.3) 4.60 (1.3) 3.68 (1.1) 3.93(1.1)
Diastolic blood pressure 80.5 (10.0) 79.1 (10.4) 78.8 (9.7) 77.4(9.8)
(mm Hg)
Type 2 diabetest (%) 9 24 9 29
Current smokers (%) 12 9 10 1
Antihypertensive treatment 24 26 30 32
(%)
Follow-up time (years) 2.94 (2.3) 2.93 (2.0) 2.92 (2.3) 2.83(1.9)
Men Women
Norwegian South Asian Norwegian South Asian

N 6385 1239 8015 967

Age range 30.0-70.1 30.0-67.8 30.0-74.9 30.0-65.5

HDL cholesterol (mmol/L 1.31(0.3) 1.07 (0.2) 1.62 (0.4) 1.24 (0.3)

SBP (mm Hg) 132.6 (14.4) 126.6 (13.2) 124.0 (15.7) 119.1 (15.6)

Hypertension* (%) 30 22 19 16
Former smokers (%) 28 16 26 2
Family history of heart 33 24 37 27
disease§ (%)

Antihypertensive treatment 6 8 6 9
(%)

Follow-up time (years) 8.44 (1.4) 7.65 (1.4) 8.54 (1.2) 7.88(1.1)

*Hypertension is defined as having SBP >140mm Hg or diastolic blood pressure >90 mm Hg or using blood pressure medication.

1The diabetes variable in the New Zealand data includes people with diabetes of unknown type (5%) and type 2 diabetes (95%), while in the
Norwegian data we could not differentiate between different types of diabetes.

FFamily history of CVD in the New Zealand data: self-reported familial history of ischaemic heart disease or ischaemic stroke occurring in a father or
brother aged <55 years, or a mother or sister aged <65 years.

§Parents or siblings have had heart attack or angina pectoris (self-report).

{IParents or siblings have had stroke (self-report).

Data are mean values (SD) for continuous variables and prevalence (%) for categorical variables.

CVD, cardiovascular disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure, TC, total cholesterol.
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Table 3 HRs (95% Cl) for first CVD event in South Asian groups compared with ethnic European groups in New Zealand and

Norway

Men Women

South Asians

Indian NZ versus South Asians Indian NZ versus versus

European NZ versus Norwegians European NZ Norwegians
N events/N 1791/73 308 436/7387 863/56 126 264/8558
Adjusted for
Age 1.75(1.58t02.00) 1.92 (1.48t02.49) 1.42(1.16t01.75) 1.87 (1.21 to 2.87)
Age, TC/HDL ratio 1.77 (1.55t0 2.02) 1.66 (1.27t02.16) 1.41 (1.14t01.73) 1.52 (0.98 to 2.36)
Age, TC/HDL ratio, diabetes 1.49 (1.30to 1.71) 1.42(1.08t0 1.87) 1.15(0.92 to 1.42) 1.30 (0.82 to 2.04)
Age, TC/HDL ratio, diabetes, SBP 1.57 (1.37t0 1.80) 1.53 (1.16t02.01) 1.19(0.96 to 1.47) 1.31 (0.83 to0 2.07)
Age, TC/HDL ratio, diabetes, SBP, smoking 1.64 (1.43to0 1.88) 1.57 (1.19t02.07) 1.39 (1.11to0 1.73) 1.76 (1.09 to 2.82)

All had complete information on the risk factors.

CVD, cardiovascular disease; HDL, high-density lipoprotein; NZ, New Zealand; SBP, systolic blood pressure; TC, Total cholesterol.

Additional analyses showed that the excess risk in South
Asians was particularly high for CHD. The full-adjusted
HRs for CHD (corresponding to the analyses in the last
row of table 3) were 2.07 (95% CI 1.76 to 2.44) in South
Asian men and 1.60 (95% CI 1.20 to 2.13) in South Asian
women in New Zealand. In the Norwegian cohort, the
full-adjusted HRs for CHD were 1.86 (95%CI 1.36 to
2.55) in South Asian men and 2.84 (95% CI 1.61 to 5.03)
in South Asian women (Table A9 in the Appendices).
In the sensitivity analyses for table 3 where we excluded
people using BP-lowering or lipid-lowering medication at
baseline (results not shown) or adjusted for BP-lowering
or lipid-lowering medication (Table A4 in the Appen-
dices), the patterns according to the risk factor adjust-
ments remained the same as in the main analysis.

DISCUSSION

This study confirmed that the traditional risk factors SBP,
TC/HDL ratio, diabetes and smoking are all positively
associated with risk of CVD in South Asians as well as in
Europeans. The present study also confirmed that South
Asians had an increased risk of CVD compared with Euro-
peans and that ethnic differences in the distribution of
TC/HDL ratio and type 2 diabetes appear to explain
some of this excess risk.

The main strengths of this study are the prospective
study design, and inclusion of data from two countries.
Unfortunately, we lacked information about duration of
stay for the immigrants, and the ethnic groups that we
studied are heterogeneous.

Strengths of the PREDICT cohort are the large sample
size and the completeness of risk factors included in
the risk-assessment. Only 0.01% were missing on any
of the four major risk factors because they were part of
the prediction algorithm and thereby compulsory to
fill in to the PREDICT template. Furthermore, compre-
hensive national health registers were used to identify
and exclude people with prior CVD and to determine

cardiovascular outcomes. In the New Zealand cohort,
some recruitment bias is likely since risk assessment was
initially prioritised for high-risk patients. Indian patients
are therefore overrepresented in the cohort together
with Maoris and Pacifics."’ The representativeness of the
source population is, however, improving as PREDICTs
coverage increases. In this study, follow-up extended to
2012 when PREDICT included 50% of guideline-eligible
patients in the practices where the PREDICT software is
used.'” We did not assume that the cohorts were repre-
sentative of the general populations in the two countries,
but that the ethnic groups within the two cohorts should
be comparable. Adjusting for age was therefore particu-
larly important in the New Zealand cohort since South
Asians were around 7years younger than Europeans.
Results from the two cohorts showed approximately the
same regarding ethnic differences, which is a strength
concerning the external validity of these results. A limita-
tion in the New Zealand data is short follow-up time
restricting the statistical power. Another limitation is the
lack of standardised BP measurements since recorded BP
can easily be affected by a range of factors including the
type of device used.™

Strengths of CONOR data are the standardised
measurements of risk factors, the linkage with disease
outcomes from comprehensive national health registers
and the standardised way of defining ethnicity using
country of birth. A validation study examining the Oslo
Health study, showed that participants with a non-Western
background had a lower participation rate than others.”
This may reflect self-selection, which can work both
ways; healthy and resourceful people have the energy
and motivation to participate or less healthy people who
think their health could benefit from participating do so.
Self-selection is unlikely to influence associations between
risk factors and subsequent disease, but could influence
the ethnic comparisons if the mechanisms were system-
atically different for the ethnic groups. The South Asian
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group in the Norwegian cohort was relatively small, which
reduced the precision of the estimates and limited the
statistical power. Another limitation in the CONOR data
is missing information on some of the risk factors (see
Tables A5-A8 in the Appendices for numbers of missing).
However, the extent of missing was small. The risk factor
with most missing in CONOR was diabetes (3% for the
total cohort).

In both cohorts, the endpoints are based on register
data, including both hospital and mortality data, which
enables almost complete ascertainment of CVD events. In
New Zealand, more than 95% of patients with an acute
CVD event are managed by government-funded health
services.'” However, CVD events occurring among partic-
ipants who travelled outside of New Zealand, those who
emigrated after the index CVD risk assessment or among
participants treated in private hospitals would not be
captured in the national hospital and mortality registers. '’
We have no information about possible emigration for
the New Zealand cohort, but for the Norwegian cohort
we know that few people have emigrated (about 1% of
the ethnic Norwegians and <3% of the South Asians who
participated in the Oslo health studies had emigrated by
the end of follow-up). A limitation for both cohorts is also
the lack of medication data during follow-up. However,
adjustment for baseline medication did not change the
estimates (Tables A3-A4 in the Appendices), and table 1
shows that South Asians used more antihypertensives and
lipid-lowering drugs at baseline than Europeans. Both
countries have universal healthcare and South Asians
should have the same access to cardiovascular medication
as Europeans. It is therefore not likely that lack of treat-
ment explains the differences in risk of CVD between the
two ethnic groups.

Our finding that the traditional major CVD risk factors
contribute to the development of CVD in South Asians
as in Europeans was an expected, yet important, finding
since most knowledge about CVD prevention is based on
studies in populations of European descent, and some
have questioned whether these risk factors apply world-
wide."" ** This finding is in line with the large INTER-
HEART and INTERSTROKE case—control studies,11 12
which reported that 90% of the population attributable
risk for AMI and stroke worldwide was accounted for by,
respectively, nine and ten (similar) risk factors, including
those included in the present study. We are only aware
of two other prospective studies reporting HRs for the
prospective relationship between major CVD risk factors
and subsequent CVD in South Asians.” > One of these
studies included only men,7 and the other showed esti-
mates for men and women combined and did not include
blood lipids.” These studies generally agree with our
findings that traditional risk factors contribute to the
development of CVD in South Asians as in Europeans.”
Also, consistent with previous reports,” * we found that
South Asians in both Norway and New Zealand have a
higher risk of CVD compared with the European majority
populations. By including all the measured risk factors

(BP, TC/HDL ratio, diabetes and smoking) as adjustment
variables in one statistical model, we could not explain
the higher risk of CVD in South Asians. However, the
increased risk was attenuated when we only included the
risk factors more prevalent in South Asians than in Euro-
peans (TC/HDL ratio and diabetes).

The excess risk of CVD among South Asians compared
with Europeans in the Norwegian cohort was almost
two-fold. This is comparable to what we reported previ-
ously when studying the total Norwegian population.’
The South Asians in the New Zealand cohort had
42%-75% higher risk of CVD compared with Euro-
pean New Zealanders, which also agrees with previous
New Zealand studies.” In both the Norwegian and New
Zealand data, South Asians had higher baseline levels
of dyslipidaemia indicated by the TC/HDL ratio and
higher diabetes prevalence compared with the European
majority populations, which is in general agreement with
previous knowledge from these countries.""™'® Attenua-
tion of the excess risk in South Asians versus Europeans
was best achieved in the Cox model only including
diabetes and TC/HDL ratio as covariates in addition to
age. The same was found in both cohorts, clearly indi-
cating that the unfavourable distribution of blood lipids
and type 2 diabetes explains some of the higher risk of
CVD in South Asians. South Asians generally have a high
prevalence of metabolic risk factors related to insulin
resistance, often clustered so that they match the concept
of the metabolic syndrome.” A British cohort study
that tested whether traditional risk factors could account
for the high mortality of CHD among South Asian men
compared with European men, reported that adjusting
for insulin resistance, dyslipidaemia and hyperglycaemia
in South Asians did not explain their higher risk.”
However, they also adjusted for smoking and TC, which
were both less prevalent/lower among South Asian men
compared with European men.

It is unclear why the traditional risk factors do not
completely explain the excess risk of CVD in South
Asians. This could be related to incomplete adjustments;
due to either imprecise measurement of risk factors or
that other important risk factors were not included (eg,
waist measurement, length of time since diabetes diag-
nosis). A number of non-conventional risk factors are
also thought to partially account for the high risk of CVD
in South Asians, including dysfunctional HDL, C reactive
protein, thrombogenic risk factors, telomere length, high
homocysteine levels and low birth weight.” *' Socioeco-
nomic factors could probably also explain some of the
differences in risk between the ethnic groups, but we
did not have such variables. Another possibility is that
risk factors work cumulatively over time in the develop-
ment of atherosclerosis, and some risk factors may also
work at specific and crucial time points during the life
course. Measurements taken on single occasions may also
lead to an underestimation of the strength between the
usual levels of the risk factors and later disease, known as
the regression dilution bias.”” Consequently, it is unlikely
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that the ethnic differences would disappear completely
by adjusting for selected risk factors measured once in
midlife.

Although South Asians seem to have an underlying
susceptibility for metabolic diseases, traditional and modi-
fiable risk factors are important for preventing disease.
Our analyses indicate that it is important to focus on the
prevention of type 2 diabetes and dyslipidaemia when
aiming to reduce the burden of CVD among South Asians.
The additional effect of abdominal obesity for the risk of
CVD among South Asians in Norway and New Zealand
has, however, not yet been studied although we know
that the prevalence is high in this ethnic group.” * In
both Norway44  and New Zealand,46 intervention studies
targeting immigrants from South Asia have been carried
out with some promising results. A UK study that
prospectively examined the influence from four health
behaviours on the risk of CVD in South Asian immigrants
and UK Europeans found an important potential for
disease prevention among South Asians if they adhered
to healthy behaviours.”

CONCLUSION

Ethnic differences in distribution of TC/HDL ratio and
type 2 diabetes explained some, but not all, of the excess
risks of CVD in South Asians compared with Europeans
in Norway and New Zealand. Smoking and elevated BP
were less prevalent among South Asians and thus could
not explain any of the observed differences in risk of
CVD. Targeted diabetes and dyslipidaemia management
among South Asians, including support for healthy life-
style choices, should be a priority if the high burden of
CVD in these ethnic populations is to be reduced.
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Appendix

Table Al. Hazard ratios (95% Cl) for first CVD event in South Asian groups compared to ethnic
European groups in New Zealand and Norway- risk factors introduced in a different order than in the

main analyses.

Men

Women

N events/N
Adjusted for
Age
Age, diabetes
Age, diabetes, SBP
Age, diabetes, SBP, smoking

Age, diabetes, SBP, smoking, TC/HDL ratio

Indian vs.
European NZ

1791/73308

1.75 (1.53-2.00)
1.48 (1.29-1.70)
1.56 (1.36-1.79)
1.63 (1.42-1.87)

1.64 (1.43-1.88)

South Asians vs.

Norwegians

436/7387

1.92 (1.48-2.49)
1.64 (1.25-2.15)
1.76 (1.34-2.31)
1.78 (1.35-2.33)

1.57 (1.19-2.07)

Indian NZ vs.
European NZ

863/56126

1.42 (1.16-1.75)
1.15 (0.93-1.43)
1.19 (0.96-1.48)
1.39 (1.12-1.74)

1.39 (1.11-1.73)

South Asians vs.
Norwegians

264/8558

1.87 (1.21-2.87)
1.52 (0.96-2.39)
1.49 (0.94-2.36)
2.00 (1.25-3.20)

1.76 (1.09-2.82)

Table A2. Hazard ratios (95% Cl) for first CVD event in South Asian groups compared to ethnic
European groups in New Zealand and Norway — adjusting for each risk factor in separate models with

only age as covariate.

Men

Women

N events/N
Adjusted for
Age only
Age and diabetes only
Age and TC/HDL ratio only
Age and SBP only

Age and smoking only

Indian vs.
European NZ

1791/73308

1.75 (1.53-2.00)
1.48 (1.29-1.70)
1.77 (1.55-2.02)
1.84 (1.61-2.10)

1.84 (1.61-2.10)

South Asians vs.
Norwegians

436/7387

1.92 (1.48-2.49)
1.64 (1.25-2.15)
1.66 (1.27-2.16)
2.04 (1.57-2.65)

2.46 (1.58-3.84)

Indian NZ vs.
European NZ

863/56126

1.42 (1.16-1.75)
1.15 (0.93-1.43)
1.41 (1.14-1.73)
1.47 (1.20-1.82)

1.67 (1.35-2.07)

South Asians vs.
Norwegians

264/8558

1.87 (1.21-2.87)
1.52 (0.96-2.39)
1.52 (0.98-2.36)
1.84 (1.20-2.82)

1.94 (1.49-2.51)




Table A3. Age-adjusted hazard ratios for first CVD event after baseline for selected risk factors in men
and women aged 30-74 years with no history of CVD, stratified by cohort, ethnicity and gender — with
and without adjustment for medication at baseline.

MEN N SBP (10 mm/Hg) SBP (10 mm/Hg) adjusted TC/HDL ratio TC/HDL ratio (one unit) adjusted
events/N* for BP medication (one unit) for lipid lowering medication

New Zealand cohort HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl)

European men 1518/63316  1.15(1.12-1.18) 1.14 (1.11-1.17) 1.20 (1.16-1.23) 1.20 (1.16-1.24)

Indian men 273/9997 1.05 (0.98-1.13) 1.03 (0.96-1.11) 1.08 (0.98-1.19) 1.10(1.00-1.20)

Norwegian cohort

Norwegian men 379/6385 1.15(1.08-1.22) 1.13 (1.06-1.20) 1.22 (1.15-1.30) 1.23 (1.16-1.31)

South Asian men 79/1239 1.17 (1.01-1.35) 1.14 (0.98-1.32) 1.23 (1.05-1.42) 1.21 (1.04-1.42)

WOMEN N SBP(10 mm/Hg) SBP (10 mm/Hg) adjusted TC/HDL ratio TC/HDL ratio (one unit) adjusted
events/N* for BP medication (one unit) for lipid lowering medication

New Zealand cohort HR (95%Cl) HR (95%Cl)

European women 757/49094  1.09 (1.05-1.13) 1.07 (1.03-1.12) 1.14 (1.09-1.21) 1.15 (1.09-1.21)

Indian women 106/7039 1.27 (1.16-1.39) 1.23 (1.12-1.36) 1.21 (1.03-1.41) 1.22 (1.04-1.42)

Norwegian cohort

Norwegian women 259/8015 1.20 (1.12-1.28) 1.18 (1.11-1.26) 1.30 (1.19-1.43) 1.33 (1.21-1.46)

South Asian women 26/967 1.06 (0.86-1.30) 1.06 (0.85-1.31) 1.04 (0.77-1.39) 1.01(0.75-1.37)

*The numbers of events and people included in the analyses may differ due to missing risk factor data. Few were missing in
the NZ cohort. SBP, systolic blood pressure; TC, total cholesterol; HDL, high density lipoprotein.

Table A4. Hazard ratios (95% Cl) for first CVD event in South Asian groups compared to ethnic
European groups in New Zealand and Norway — with and without adjustment for medication at

baseline.
Men Women
Indian vs. South Asians vs.  Indian NZ vs. South Asians vs.
European NZ Norwegians European NZ Norwegians
N events/N 1791/73308 436/7387 863/56126 264/8558
Adjusted for

Age, TC/HDL ratio, diabetes, SBP, smoking

Age, TC/HDL ratio, diabetes, SBP, smoking +
medication use at baseline (antihypertensives
and lipid lowering drugs)

1.64 (1.43-1.88)

1.62 (1.41-1.86)

1.57 (1.19-2.07)

1.53 (1.16-2.03)

1.39(1.11-1.73)

1.37 (1.10-1.71)

1.76 (1.09-2.82)

1.71 (1.05-2.76)

HDL, high density lipoprotein; NZ, New Zealand; SBP, systolic blood pressure; TC, Total cholesterol. All had complete

information on the risk factors
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Table A9. Hazard ratios for first CHD event in South Asian groups compared to ethnic European

groups in New Zealand and Norway.

Men

Women

Adjusted for
Age
Age, TC/HDL ratio
Age, TC/HDL ratio, diabetes
Age, TC/HDL ratio, diabetes, systolic BP

Age, TC/HDL ratio, diabetes, systolic BP, smoking

Indian NZ vs.
European NZ

2.10 (1.79-2.46)
2.13 (1.81-2.50)
1.92 (1.63-2.26)
2.00 (1.70-2.36)

2.07 (1.76-2.44)

South Asians vs.

Norwegians

2.45 (1.82-3.30)
2.04 (1.51-2.76)
1.68 (1.23-2.30)
1.81 (1.32-2.48)

1.86 (1.36-2.55)

Indian NZ vs.
European NZ

1.60 (1.22-2.10)
1.58 (1.20-2.07)
1.31(0.99-1.74)
1.36 (1.02-1.80)

1.60 (1.20-2.13)

South Asians vs.
Norwegians

3.23 (1.95-5.34)
2.71 (1.61-4.54)
2.24 (1.30-3.86)
2.26 (1.31-3.90)

2.84 (1.61-5.03)

HDL, high density lipoprotein; NZ, New Zealand; SBP, systolic blood pressure; TC, Total cholesterol.

All had complete information on the risk factors



VIEW Ethnicity Protocol

Ethnicity is assigned to an individual based on a prioritisation output. The prioritisation
ethnicity protocol adopted by VIEW is based on the Statistics New Zealand ethnicity
prioritisation method, and is the most frequently used output method in Ministry of Health
statistics. The table below shows level 2 ethnicity codes and their corresponding priority.

More information on prioritised output can be found in Appendix A

Table 1

Level 2 ethnic codes

Ethnic Group
code

10
11
12
21
30

31
32
33
34
35
36
a7
40
41
42
43
44
51
92
53
54
61
94
95
97
99

Ethnic Group code
description

European not further defined
MZ European

Other European

MZ Maori

Pacific Island not further
defined

Samoan

Cook Island taori
Tongan

Miuean

Tokelauan

Fijian

Other Pacific 1sland
Asian not further defined
Southeast Asian
Chinese

Indian

Other Asian

IMiddle Eastern

Latin American / Hispanic
African

Other (retired on 1/07/2009)
Other ethnicity

Don't know

Refused to answer
Response unidentifiable
Mot stated

Ethnic Group
priority

21

22

20

Lo TR o T (Y O o | A o s |

10
12
11
13
17
13
16
19
18
94
95
97
99

Revised VIEW priority

12
11
10
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PREDICT 2015 baseline data — Unique ethnicity codes

Ethnicity data used in VIEW comes from two sources — PREDICT and Ministry of Health.
When patients are enrolled into PREDICT, their ethnicity are recorded across three ethnicity
inputs fields (allowing for the self-identification of up to 3 ethnicity responses). In addition,
the Ministry of Health has provided us with a 2015 update of the NHI Demographic Lookup
table, containing the demographic data for 7.7 million unique eNHI. Similarly, up to three

ethnicity codes are provided (allowing for the self-identification of up to three ethnicity

responses). In total, each patient has up to 6 codes that represent their ethnicity.

All unique responses provided from each of the ethnicity fields in the PREDICT 2015

Baseline Data

Source Variable name

pt_ethnic_group_1

Ethnicity Codes
10 11 12 21
40 41 42 43
443 444 44411

30 31 32 33 34 35 36 37
44 51 52 53 54 441 442
44412 44413 44414 44415 NA

10 11 12 21 30 31 32 33 34 35 36 37
PREDICT 2015 pt_ethnic_group_2 40 41 42 43 44 51 52 53 54 99 441
443 44411 44412 44414 NA
10 11 12 21 30 31 32 33 34 35 36 37
pt_ethnic_group_3 40 41 42 43 44 51 52 53 54 99 441
44411 44414 NA
nhi_ethnicg1 10 11 12 21 30 31 32 33 34 35 36 37 40
- 41 42 43 44 51 52 53 54 61 94 95 97 99
Ministry of . _ 10 11 12 21 30 31 32 33 34 35 36 37 40
Health 2015 nhi_ethnicg2 41 42 43 44 51 52 53 54 61 94 95 97 99
NA
nhi_ethnicg3 10 11 12 21 30 31 32 33 34 35 36 37 40
- 41 42 43 44 51 52 53 61 97 99 NA
NB: There are no NAs in “nhi_ethnicg1”
VIEW Ethnicity December 2015 Page 2



Procedure for Ethnicity Allocation

The procedure assigns one single ethnicity to each individual. The ethnicity response (there
are 6 in total) of each individual is read by the programme using the prioritisation protocol.
The programme checks each of the 6 ethnicity fields of a person, and determines which
single ethnicity will be assigned. The programme checks each row of data and executes the
following command in this order:

1) Is this person Maori? If yes, write “NZMaori”, otherwise next question.

2) Is this person Pacific? If yes, write “Pacific”, otherwise next question.

3) Is this person Indian? If yes, write “Indian”, otherwise next question.

4) Is this person Chinese? If yes, write “Chinese”, otherwise next question.

5) Is this person Asian? If yes, write “Asian”, otherwise next question.

6) Is this person MELAA? If yes, write “MELAA”, otherwise next question.

7) Is this person Other? If yes, write “Other”, otherwise next question.

8) Is this person European? If yes, write “European”, otherwise next question.

9) Is the ethnicity unknown, not answered, not identifiable? If yes, write “No_not_stated”.

NB: MELAA = Middle Eastern, Latin American, African

VIEW REVISED Procedure for Ethnicity Allocation

Is this person Maori? If yes, write “NZMaori”, otherwise next question.

Is this person Pacific? If yes, write “Pacific”, otherwise next question.

Is this person Indian? If yes, write “Indian”, otherwise next question.

Is this person Chinese? If yes, write “Chinese”, otherwise next question.

) Is this person Asian? If yes, write “Asian”, otherwise next question.

6) Is this person European? If yes, write “European”, otherwise next question.

7) Is this person MELAA? If yes, write “MELAA”, otherwise next question.

8) Is this person Other? If yes, write “Other”, otherwise next question.

9) Is the ethnicity unknown, not answered, not identifiable? If yes, write “No_not_stated”.

~— N — ~—

1
2
3
4
5

VIEW Ethnicity December 2015 Page 3



Multiple Ethnicities

Any individuals with multiple ethnicity responses will be assigned the higher priority of
ethnicity.

Example 1 — If a patient is recorded as Maori (21) and Samoan (31), then they are recorded
as “Maori”. This is because the programme asks whether this person is “Maori” first. With the
answer being yes, “Maori” is recorded. The programme then moves onto the next person
instead of asking whether or not they are Pacific.

Example 2 — If a person is recorded as Chinese (42), Southeast Asian (41), and NZ
European (11), then they are recorded as Chinese. With Chinese being the highest priority,
the person is assigned “Chinese” and the programme moves onto the next person.

NB: “Asian” contains Southeast Asian (41) which has a higher priority compared to Indian
and Chinese (see Table 1). However, due to its relatively small population, the Southeast
Asian group will be included in the “Asian” group, and thus not prioritised over Indian or
Chinese. This is the ONLY exception to the prioritisation order!

The use of “OTHER” Ethnicity

This classification should be clearly defined. The term “Other” does in fact have its own
ethnicity coding. It should not be used as a category for which miscellaneous or small
populations are assigned as a matter of convenience. Previously, Middle Eastern (51), Latin
American/Hispanic (52), and African (53), were frequently included in the OTHER ethnic
group. Since 2009 (I think), Statistics New Zealand and the MOH have adopted a new
category called MELAA which incorporates codes 51-53. A distinction between MELAA and
Other is therefore created. There are two codes (and there should only be two codes), for
Other Ethnicity — 54 (pre-2009) and 61 (post-2009).

VIEW Ethnicity December 2015 Page 4



Original “ag_eth” Classification

Label Code

Maori 21

Pacific 30, 31, 32, 33, 34, 35, 36, 37

Indian 43, (36 & 43)

Asian 40, 41, 42, 44, 441, 442, 443, 444, 44411, 44412, 44414
Other 51, 52,53, 54

European 10, 11, 12, 94, 95, 96, 99," """

Problems with above coding convention:

e “44415” is missing from Asian group

e MELAA codes (51-53) are recorded as “Other Ethnicity”
“Other Ethnicity” code (61) missing

European group contains residual codes (94, 95, 96, 99," ","")
“Chinese” are not represented clearly

Distribution of original “ag_eth” (all unique individuals at baseline)
Frequency

Asian European Indian NZMaori Other Pacific <NA>
45308 276933 39205 62181 8907 59305 306

NB: There should be no NA values since nhi_ethnicgl contains ho NAs

Proportion
Asian European Indian NZMaori Other Pacific <NA>

0.092 0.563 0.080 0.126 0.018 0.121 0.001
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NEW “view_ag_eth” Classification

Label Code

Maori 21

Pacific 30, 31, 32, 33, 34, 35, 36, 37

Indian 43, (36 & 43)

Chinese 42

Asian 40, 41, 44, 441, 442, 443, 444, 44411, 44412, 44414, 44415
MELAA 51, 52,53

Other 54, 61

European 10, 11, 12

No_not_stated 94, 95, 96, 99," """

“Other” includes individuals who write “Klingon” or “Martian” as their response.

This list of ethnic groups can be combined as suited to the individual study, however the
default coding for VIEW should be that “MELAA” and “Other” will be combined into “Other”.
As this is a very heterogeneous group, it may be left out of analyses that focus on ethnic-
specific analyses.

“‘No_not_stated” is defined rather than the default “NA”. The reason is that the MOH have
codes precisely for these situation, ranging from “Don’t know” (94), “Refused to Answer”
(95), to “Not Stated” (99). If you’re reporting the status of everyone in your cohort of interest,
this should be stated as being missing data on ethnicity and not combined with “Other”, as
they represent two different types of data.

In previous merges, the European group included “Other” and “NA”. The new coding allows
European to be more clearly defined.

Distribution of proposed new “ag_eth2” (all unique individuals at baseline)
Frequency

Asian Chinese  European Indian MELAA No_not_stated NZMaori

18745 26563 276433 39205 6797 654 62181
Other Pacific <NA>

2262 59305 0
Proportion

Asian Chinese  European Indian MELAA  No_not_stated NZMaori
0.038 0.054 0.562 0.080 0.014 0.001 0.126
Other Pacific <NA>

0.005 0.121 0.000
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Appendix A
Prioritisation Output for Ethnicity

In prioritised output, each respondent is allocated to a single ethnic group using the priority
system (Maori, Pacific peoples, Asian, other groups except NZ European; and NZ
European). The aim of prioritisation is to ensure that where some need exists to assign
people to a single ethnic group, ethnic groups of policy importance, or of small size, are not
swamped by the NZ European ethnic group.

This output type is the one most frequently used in Ministry of Health statistics and is also
widely used in the health and disability sector for funding calculations, monitoring changes in
the ethnic composition of service utilisation, and so on. Its advantage is that it produces
data that are easy to work with as each individual appears only once so the sum of the
ethnic group populations will add up to the total New Zealand population.

When ethnicity data is to be output to the Ministry of Health National Systems and more than
three ethnicities are available to send, the prioritisation method described in the protocols
must be used. This will ensure consistency within the national collections.

Limitations are that prioritised output:

« places people in specific (high priority because of policy importance) ethnic
groups which simplifies yet biases the resulting statistics

« over-represents some groups at the expense of others — for example, Maori gain
at the expense of Pacific peoples (approximately 31,542) and Pacific peoples gain
at the expense of other groups (34,602) of which most are Pacific/European
(30,018)

« goes against the principle of self-identification.

One of the main criteria stipulated in the definition of ethnicity is that a person can belong to
more than one ethnic group. The ethnicity question caters for multiple responses. However,
the question does not ask people to indicate the ethnic group with which they identify the
most strongly; instead, prioritisation makes this choice for them. The question is to remain
the same for the 2006 census so, to ensure numerator and denominator consistency (see
Section 1.5), asking people to state the ethnicity with which they identify the ‘most strongly’
iS not an option.

VIEW Ethnicity December 2015 Page 7
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Performance of a Framingham
cardiovascular risk model among
Indians and Europeans in New Zealand
and the role of body mass index and

social deprivation

Kjersti Stormark Rabanal,’ Haakon Eduard Meyer,"?> Romana Pylypchuk,®
Suneela Mehta,® Randi Marie Selmer," Rodney T Jackson®

ABSTRACT

Objectives To evaluate a Framingham 5-year
cardiovascular disease (CVD) risk score in Indians and
Europeans in New Zealand, and determine whether body
mass index (BMI) and socioeconomic deprivation were
independent predictors of CVD risk.

Methods We included Indians and Europeans, aged
30-74 years without prior CVD undergoing risk
assessment in New Zealand primary care during
2002-2015 (n=256 446). Risk profiles included standard
Framingham predictors (age, sex, systolic blood pressure,
total cholesterol/high-density lipoprotein ratio, smoking
and diabetes) and were linked with national CVD
hospitalisations and mortality datasets. Discrimination
was measured by the area under the receiver operating
characteristics curve (AUC) and calibration examined
graphically. We used Cox regression to study the impact of
BMI and deprivation on the risk of CVD with and without
adjustment for the Framingham score.

Results During follow-up, 8105 and 1156 CVD events
occurred in Europeans and Indians, respectively. Higher
AUCs of 0.76 were found in Indian men (95% Cl 0.74 to
0.78) and women (95% CI 0.73 to 0.78) compared with
0.74 (95% Cl 0.73 to 0.74) in European men and 0.72
(95% CI 0.71 to 0.73) in European women. Framingham
was best calibrated in Indian men, and overestimated risk
in Indian women and in Europeans. BMI and deprivation
were positively associated with CVD, also after adjustment
for the Framingham risk score, although the BMI
association was attenuated.

Conclusions The Framingham risk model performed
reasonably well in Indian men, but overestimated risk in
Indian women and in Europeans. BMI and socioeconomic
deprivation could be useful predictors in addition to a
Framingham score.

INTRODUCTION

South Asians (people originating from the
Indian subcontinent) constitute almost
a quarter of the world’s population, and
have a high burden of cardiovascular
disease (CVD) compared with other
ethnic groups.l International guidelines

Key questions
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What is already known about this subject?

» South Asians have a high burden of cardiovascular
disease (CVD) compared with other ethnic groups.

» Although many risk prediction models exist, most
prediction models are derived based on information
from Caucasian populations and few studies have
examined the performance of cardiovascular risk
models in South Asian populations.

What does this study add?

» Our study showed that a Framingham risk model
predicted the 5-year risk of CVD in Indian men rea-
sonably well, but overestimated risk in Indian wom-
en and in European men and women.

» We also found that BMI and deprivation could
be useful predictors of CVD risk in addition to a
Framingham risk score.

How might this impact on clinical practice?

» Ourfindings demonstrate a need for improved meth-
ods for assessing cardiovascular risk in Europeans
and Indians in New Zealand.

recommend calculation of absolute cardi-
ovascular risk based on multiple risk
factors.” * Cardiovascular risk prediction
models facilitate identification of high-
risk patients and could help reduce the
excess risk of CVD in South Asians. For a
risk model to be clinically useful, however,
it should be externally validated, ideally in
the population where it is applied." Few
studies have evaluated the performance of
cardiovascular risk models in South Asian
populations.’

In the Auckland and Northland regions
of New Zealand, cardiovascular risk assess-
ments have been part of routine clin-
ical care since the establishment of the
PREDICT-CVD cohort in 2002.° A new

BM)
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Total number of participants in the PREDICT cohort; n=493 993
(of which 39 396 were Indians and 278 941 Europeans);

38 460 (7.8%) had CVD events during follow-up

Excluded:
Outside age range 30-74:n=34 397 N

Excluded:
Other ethnic groups than Indians/Europeans: n=168 332

Excluded:

Prior CVD: n=28 086

eGFR<30: n=280

Diabetic with overt nephropathy/non-diabetic
nephropathy: n=406

On loop diuretics: n=2 350

Congestive heart failure: n=1 145

Atrial fibrillation: n=2 507

Excluded:

Missing risk factor information: n=22

(21 missing on TC/HDL ratio and 1 on smoking)
Died the same day as baseline assessment: n=2

\ 4

PREDICT study population; n=256 466
(of which 34 383 Indians and 222 083 Europeans);
9261 (3.6%) had CVD events during follow-up.

Figure 1

Flow chart showing the numbers of persons at each stage of participant selection. CVD, cardiovascular disease;

eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; TC, total cholesterol.

CVD risk prediction equation for the New Zealand
population has just been published,” but until
recently, New Zealand guidelines® recommended
general practitioners to use a modified 1991 Fram-
ingham risk equation8 to predict patients’ 5-year risk
of developing CVD. This Framingham score is based
on information collected >40 years ago in a cohort of
white working-class and middle-class Americans.® The
validity of Framingham for the contemporary New
Zealand population has been questioned, especially
regarding high-risk groups such as South Asians.” A
previous validation study of the Framingham equa-
tion in ethnic groups in New Zealand lacked sufficient
person-time follow-up to study the groups separately.
Indian, Maori and Pacific people were therefore
combined into one ‘high-risk’ group and analysed
together.” Indians comprised only 11%-12% of this
combined group.

We now have sufficient follow-up time to study the
performance of the Framingham score in Indians
in New Zealand. We therefore aimed to study the
discrimination and calibration performance of the
Framingham risk score among Indians and Euro-
peans. Body mass index (BMI) and social depriva-
tion are known CVD risk factors.'’ ! The second aim
was to determine whether these factors improved
CVD risk prediction over and above the Framingham
score.

METHODS

Study population and study setting

The study population consisted of individuals risk assessed
in New Zealand primary care between August 2002 and
October 2015° using web-based decision support software
called PREDICT. The PREDICT software was first imple-
mented in Auckland general practices in 2002 and about
35%-40% of New Zealand general practices now use this
software. It is mainly used in the Auckland and Northland
regions, which represent around 38% of the New Zealand
resident population.12 The PREDICT study is an open
cohort study continuously recruiting new participants
whenever primary care practitioners complete standard-
ised risk assessments using the PREDICT software. The
study is described in detail elsewhere.” For these anal-
yses, we included participants of South Asians or Euro-
pean ethnicity aged 30-74 years, with no history of CVD
at baseline (individuals with CVD diagnosed solely in
primary care, with a previous CVD hospitalisation or with
congestive heart failure) (figure 1). This is a prospective
cohort study, and the participants were followed until 31
December 2015.

Risk factors

Systolic blood pressure (SBP) was based on the mean of
the two last recordings done by primary care practitioners.
Blood lipids, glucose or glycated haemoglobin meas-
urements were undertaken in community laboratories

Rabanal KS, et al. Open Heart 2018;5:¢000821. doi:10.1136/0openhrt-2018-000821
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while smoking status and other risk factors were gath-
ered on a standard electronic template completed by
primary care practitioners. BMI was calculated as weight
in kilograms divided by the square of height in metres
(kg/ m?). The exact time of the BMI measurement is
unknown, but it was either at the time of the index risk
assessment or before. The most recent BMI measure was
used. We divided BMI into four categories: underweight
(<18.5), normal weight (18.5-24.9), overweight (25.29.9)
and obesity (30+). The New Zealand Index of Socioec-
onomic Deprivation (NZDep) is a New Zealand area-
based socioeconomic deprivation score based on infor-
mation from the national censuses using nine variables
that reflect eight dimensions of deprivation (income,
owned home, support, employment, qualifications, living
space, communication and transport).”” A deprivation
score is provided for each meshblock in New Zealand.
Meshblocks are geographical units defined by Statis-
tics New Zealand. The New Zealand deprivation index
relates to these small areas and not to individuals. The
New Zealand deprivation index is presented as a decile
score and is linked to most New Zealand health records.
The deciles are based on the distribution of the first prin-
cipal component score for the New Zealand deprivation
index, where, decile 10 indicates residence in the 10% of
the most deprived census meshblocks in New Zealand.
For these analyses, we combined each set of two deciles
to provide a quintile score (ie, quintile 1=deciles 1 and
2 (least deprived) through quintile 5=deciles 9 and 10
(most deprived).

Data linkage

MostNew Zealanders (about98%) have a unique National
Health Identifier (NHI), assigned through contact with
healthcare services in New Zealand."" An encrypted
NHI was used to link the risk factor profiles from the
PREDICT cohort with information from national health
databases including all public hospitalisations, deaths,
publicly funded drug dispensing and regional laboratory
test results.”

Definition of outcome

We identified first CVD events (fatal and non-fatal)
through the national hospitalisation and mortality data-
bases using International Classification of Disease-10-Aus-
tralian Modification (ICD-10-AM) codes.'®> CVD included
primary and secondary hospitalisation codes or under-
lying cause of death from one of the following conditions:
coronary heart disease (CHD), congestive heart failure,
haemorrhagic or ischaemic stroke, transient ischaemic
attack, peripheral vascular disease and other CVD-related
deaths. Online supplementary table Al shows the corre-
sponding ICD-10-AM codes.

Ethnicity

Self-identified ethnicity data are routinely available for
almost every New Zealander and came from the National
Health Index dataset, coded according to predefined

categories. In the case of multiple recorded ethnicities,
a prioritising algorithm was used.'® The ethnicity coding
system for health data in New Zealand enables identifi-
cation of Indian people (including Fijian Indians), but
not other South Asians (such as Sri Lankans, Pakistanis,
Bangladeshis or Nepalese). However, Indians account
for almost 90% of South Asians in New Zealand,'” and
the majority are immigrants.'® The Indian ethnic group
does not include other Asian ethnic subgroups such as
Chinese or South East Asians.

The Framingham risk score

We calculated the 5-year risk of CVD usinga 1991 Fram-
ingham risk equation.” The Framingham predictors
are age, sex, SBP, total cholesterol (TC)/high-den-
sity lipoprotein (HDL) ratio, smoking (yes/no) and
diabetes (yes/no).® As recommended by the New
Zealand Guidelines Group, individuals who recently
quit smoking (within 12 months) were considered as
smokers for the risk score.”

Statistical analyses

We measured discrimination of the Framingham
score (the ability of the score to differentiate between
those who experience an event and those who do not)
by the area under the receiver operating characteris-
tics (ROC) curve (AUC)." We additionally calculated
the Harrell’s C to take censoring into account.”’ We
present a calibration plot of predicted minus observed
event rates (calculated by the life table method)
within deciles of predicted risk. When evaluating the
Framingham score performance, we restricted the
follow-up to maximum byears (counting CVD events
until 5years after baseline and resetting the person-
time to 5 years for those with >5 years person-time at
risk). We used Cox regression to study the impact of
BMI and deprivation on the risk of CVD in Indians
and Europeans with and without adjustment for the
Framingham risk score. For these analyses, all avail-
able follow-up was included. Possible interaction was
examined by including an interaction term in the
Cox model. Only complete cases were analysed. We
checked if inclusion of BMI or deprivation index in
a b-year prediction model based on Cox regression,
improved AUC or Harrell’s C compared with Fram-
ingham alone. Proportional hazards assumptions
were tested using Schoenfeld residuals and log-log
plots. All analyses were performed using Stata V.14.

Sensitivity analyses

The younger participants in PREDICT have high levels
of risk factors (results not shown). We therefore repeated
the calibration analyses excluding men aged <45 years
and women aged <55 years to see whether calibration
altered. These sex-specific age cut-offs refer to the ages
when risk assessment is currently recommended for the
general New Zealand population (asymptomatic and
without known risk factors) 2
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Table 1 Baseline characteristics of study population, PREDICT, unadjusted

Men Women
European Indian European Indian
N 126 736 20210 95 347 14173
Age in years, mean (SD) 54.4 (9.0) 46.2 (10.0) 58.8 (8.1) 52.2 (8.7)
TC/HDL ratio, mean (SD) 4.30 (1.2 4.62 (1.2 3.60 (1.1) 3.93 (1.0
TC (mmol/L), mean (SD) 5.33(1.0) 5.08 (1.0) 5.64 (1.0) 5.03 (1.0)
BMI, mean (SD) 28.5 (5.2) 26.9 (4.4) 28.1 (6.3) 28.0 (5.4)
Prevalence of obesity (BMI>30), % 311 18.9 31.2 301
Prevalence of overweight (BMI>25) % 78.0 66.5 65.5 70.9
SBP (mm Hg), mean (SD) 130.3 (15.9) 125.2 (15.9) 130.2 (17.2) 125.5 (17.6)
SBP=140mm Hg, % 29.3 19.2 30.9 22.3
Diabetes
Type 1, % 0.7 0.4 0.6 0.4
Type 2, % 7.4 23.0 7.1 28.2
Smoking
Never, % 68.4 83.2 733 98.0
Former, % 17.9 6.4 15.8 0.9
Current*, % 13.8 10.3 10.9 1.2
Family history of CVD, % 12.4 8.7 15.6 8.9
Receiving antihypertensive treatment at baselinet, % 16.7 18.2 224 24.2
Receiving lipid-lowering treatment at baselinet, % 14.0 22.3 14.4 22.3
New Zealand deprivation index score, five quintilesf
Deprivation quintile 1 (least deprived), % 31.3 10.5 30.8 12.3
Deprivation quintile 2, % 24.1 171 23.7 18.4
Deprivation quintile 3, % 19.3 20.5 19.8 20.3
Deprivation quintile 4, % 151 28.9 15.7 27.5
Deprivation quintile 5 (most deprived), % 10.2 23.1 10.0 21.5
Years of follow-up (range) 4.1 (1 day-13.3 4.1 (2 days—13.2 4.2 (1 day—13.3 4.1 (4 days—-13.1
years) years) years) years)

*Current smokers includes persons who recently quit (<12 months ago).

TMedication use at baseline is based on dispensing information within 6 months before baseline.
FThe quintiles are based on the distribution of the first principal component scores for the New Zealand Index of Socioeconomic Deprivation,
where quintile 1 indicates residence in the 20% of the least deprived census meshblocks (geographic areas including approximately 80

people) in New Zealand.

BMI, body mass index; BP, blood pressure; CVD, cardiovascular disease; HDL, high-density lipoprotein; SBP, systolic blood pressure; TC,

total cholesterol.

RESULTS

Participant numbers and CGVD events

A total of 222 083 European (43% women) and
34 383 Indian (41% women) participants aged
30-74 years without prior CVD were enrolled in the
PREDICT-CVD cohort between August 2002 and
December 2015. The participants were followed for a
mean of 4.2 years.

During the first 5 years of follow-up, we identified
6065 CVD events among Europeans and 886 CVD events
among Indians. When all available follow-up time was
included, 8105 CVD events occurred among Europeans
and 1156 CVD events among Indians.

Baseline characteristics

Women were older than men, and Indians around 6-8
years younger than Europeans (table 1); both age differ-
ences reflect New Zealand guideline recommendations
that asymptomatic men should be risk assessed 10 years
earlier than asymptomatic women and Indians 10 years
earlier than Europeans.2 TC/HDL ratios were higher in
Indians than Europeans, and diabetes prevalence was
more than threefold higher in Indians than Europeans.
Ethnic differences in TC/HDL ratios and diabetes prev-
alence persisted after adjustment for age, although the
differences in TC/HDL ratio diminished (not shown).
Diabetes prevalence was high among the youngest

4
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Table 2 Mean values of Framingham 5-year risk scores and observed 5-year event rates

Men Women

European Indian European Indian
N 126 736 20210 95 347 14173
Predicted Framingham 5-year event rates (95%Cl) 7.1 (7.0t0 7.1) 47(4.6104.7) 4.6 (4.6 t0 4.6) 4.0(3.9104.0)
No. of events during 5 years of follow-up 4038 623 2027 263
Observed 5-year event rates (life tables) (95%Cl) 4.9 (4.7 10 5.0) 47(4.31t05.1) 3.3(3.1t03.4) 3.0(2.7103.4)

Performance of the Framingham risk score.

participants (not shown), also reflecting guideline
recommendations that people with known risk factors or
at high risk of developing diabetes should be risk assessed
10 years earlier than others.”' People with diabetes gener-
ally have a risk assessment at the time of diagnosis and
are thus automatically included in the PREDICT cohort,
whatever their age.21 Indians had lower mean SBP than
Europeans, but these ethnic differences became smaller
after adjustment for age (after adjusting for age the
difference between the ethnic groups was 2.2mm Hg
in men and 1.5mm Hg in women). Indians smoked less
than Europeans, with minimal recorded smoking among
Indian women.

Indian men had lower mean levels of BMI and were less
overweight or obese than European men while Indian
and European women had similar BMI levels (table 1).
Indians lived in more deprived areas than Europeans
with around 50% belonging to the two most deprived
quintiles (quintiles 4-5). For Europeans, this percentage
was around 25%.

Predicted and observed risk

Europeans had higher Framingham predicted 5-year risk
than Indian participants (table 2); however, this largely
reflected their older age, especially men. The observed
b-year event rates were lower than the predicted rates in
all groups except Indian men where the observed and
predicted event rates were similar. The observed 5-year
event rates were similar in the two ethnic groups despite
Europeans being considerably older than Indians.

The Framingham score discriminated better in Indians
than in Europeans with AUCs of 0.76 in Indian men and
women (table 3) compared with 0.74 in European men
and 0.72 in European women. Harrell’s C was slightly
lower than the AUC for all subgroups. The Harrell’s C

Table 3 Discrimination ability of the Framingham (1991)
model

Men Women

European Indian European Indian
AUC 0.74 0.76 0.72 0.76
(95%Cl) (0.731t00.74) (0.74t00.78) (0.71100.73) (0.73100.78)
Harrell's C 0.72 0.75 0.70 0.73
(95%Cl) (0.711t00.73) (0.73t00.77) (0.691t00.71) (0.701t0 0.76)

AUC, area under the curve.

was also higher in Indians than in Europeans, with the
highest value of 0.75 (95% CI 0.73 to 0.77) in Indian men.

The calibration plot (figure 2) showed that the Fram-
ingham b-year risk score generally overestimated risk
in higher deciles of predicted risk, especially in Euro-
peans. The best correspondence between predicted and
observed event rates was seen in Indian men.

In age-adjusted analyses, BMI was significantly associ-
ated with risk of CVD in both ethnic groups (table 4).
From BMI>18.5,we found an increasing risk of CVD
with increasing BMI in both categorical and continuous
analyses. After adjustment for the Framingham risk
score, the continuous BMI (218.5) measure remained
statistically significant in European men and Indian
men and was borderline significant for Indian women.
The HRs for this association for both Indian men and
Indian women were more than double those for Euro-
peans. However, the CIs were wide and overlapping, and
there were no significant interaction between ethnicity
and BMI on the risk of CVD. The categorical analyses
only showed a statistically significant positive associa-
tion between overweight or obesity and CVD in Indian
women. Being underweight (BMI<18.5) compared with
being normal weight was associated with a significantly
increased risk of CVD in Europeans, which remained
after adjustment for the Framingham risk score. Inclu-
sion of BMI in the model did not increase the AUC
compared with the Framingham score alone (not
shown).

Quintiles of socioeconomic deprivation showed a
linear association with CVD in both ethnic groups with
increasing age-adjusted HRs with increasing deprivation
(table 5). Compared with the least deprived quintile,
the four highest deprivation quintiles (quintiles 2-5)
were significantly associated with increased risk of CVD
in Europeans. We found a similar pattern for Indians,
although the estimates were generally lower than in Euro-
peans and the CIs were wider. After adjusting for Fram-
ingham, all HRs were attenuated. However, the general
pattern for the association between area deprivation
and CVD remained in all subgroups after adjustment
for Framingham. The HR for the continuous depriva-
tion variable also remained statistically significant in all
subgroups. Inclusion of deprivation index in the model
did not increase the AUC compared with the Fram-
ingham alone (not shown).
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Predicted minus observed 5-year risk within deciles of predicted risk. Original Framingham risk score.
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Figure 2 Calibration plot showing predicted minus observed 5-year event rates within deciles of predicted risk using the

original Framingham risk score by Anderson et al 1991.

Sensitivity analyses

The sensitivity analyses excluding men aged <4byears
and women aged <bbyears showed similar calibration
(not shown).

DISCUSSION

This study showed that a Framingham CVD risk score
based on risk factor information collected over 40 years
ago® predicted the 5-year risk of CVD reasonably well in
Indian men currently living in New Zealand. However,
the Framingham score overestimated risk substantially
in Indian women with predicted risk values of about 6%
and above, and in European men and women in all but
the two lowest deciles of predicted risk. Despite Indians
being around 6-8 years younger than Europeans in the
cohort, their observed 5-year CVD event rates were very
similar to the observed 5-year CVD event rates in Euro-
peans, consistent with the previously documented high
burden of CVD in South Asians in New Zealand® and
other countries." * We also found a positive association
between increasing BMI (from BMI=18.5) and the risk
of CVD in both ethnic groups which remained statisti-
cally significant in all the subgroups except European
women after adjustment for the Framingham risk score.
A consistent and strong association between area depriva-
tion and the risk of CVD in both Indians and Europeans
was also identified.

It has been recommended that researchers focus on
external validation of existing models instead of deriving
new prediction models as there is an abundance of CVD
risk scores of unclear Validity.24 This study is one of few
cohort studies to evaluate the performance of an existing
CVD risk score in South Asians using measures of cali-
bration and discrimination.” A recent review® identified
only four studies that reported the performance of CVD
risk models in South Asians (published in English during
January 2000-April 2014) and we have only been able to
find one relevant study published since then.” A cohort
study from the UK?® was the only study identified in this
review’ to provide statistical measures of model perfor-
mance (discrimination and calibration). The UK study
found that Framingham underestimated risk in South
Asian women and performed reasonably well in South
Asian men after a factor of 1.4 was added to the score.”
Based on these findings,” the previously documented
high burden of CVD in South Asians® and New Zealand
guidelines recommendations to add 5% to the risk score
for South Asians,” we would expect the Framingham
risk score to underestimate risk among Indians in New
Zealand. Instead, we found that Framingham overes-
timated the risk in Indian women and in Europeans of
both genders. This overestimation of risk could partly be
explained by medical treatment since those with a high
predicted risk are most likely to be prescribed medication
to reduce their absolute risk of CVD.?! Moreover, the New
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CVD events HR (95% CI)* HR (95% CI)t

BMI categories

18.5-24.9 20 534 782 1.00 (ref) 1.00 (ref)

30+ 29 498 1622 1.45 (1.33 10 1.58) 1.06 (0.97 t0 1.15)

Total 126 736 5255

BMI as continuous (per five unit increase) from BMI 18.5 1.13(1.07t0 1.16) 1.04 (1.021t0 1.07)

BMI categories

18.5-24.9 5528 237 1.00 (ref) 1.00 (ref)

30+ 3193 168 1.34 (1.10 0 1.64) 1.09 (0.89 0 1.32)

Total 20210 802

BMI as continuous (per five unit increase) from BMI 18.5 1.17 (1.10t0 1.25) 1.09(1.0210 1.18)

BMI categories

18.5-24.9 22 864 574 1.00 (ref) 1.00 (ref)

30+ 21 464 845 1.46 (1.31 10 1.62) 1.02 (0.92 0 1.14)

Total 95 347 2850

BMI as continuous (per five unit increase) from BMI 18.5 1.15(1.12t0 1.18) 1.02 (0.99 to 1.06)

BMI categories

18.5-24.9 3319 60 1.00 (ref) 1.00 (ref)
S99 s 12 150110209 141070195
30+ 3534 128 1.85 (1.36 0 2.52) 1.61(1.18 10 2.18)
CoMsng
Total 14173 354
© BMlascontinuous per feunitinorease) 11500600125 10909119
BMI as continuous (per five unit increase) from BMI 18.5 1.15(1.06 to 1.25) 1.09 (1.00 to 1.19)
*Adjusted for age.

TAdjusted for Framingham risk score.
BMI, body mass index; CVD, cardiovascular disease.

Zealand population is a low-risk population which has the Framingham risk model derived from data collected
experienced declining rates of CHD?” and stroke™ during  over 40years ago overpredicted the risk of CVD in Euro-
the past four decades. It is therefore not surprising that pean New Zealanders. The Framingham model, however,

~
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Table 5 HRs (95% ClI) for the prospective association between area deprivation index score and first CVD events

European men N CVD events HR (95% CI)* HR (95% CI)t

Deprivation index first quintilet: (least deprived) 39 670 1323 1.00 (ref) 1.00 (ref)
Deprivation index second quintile 30499 1142 1.15(1.06 to 1.25) 1.13(1.0410 1.22)
Deprivation index third quintile 24 467 1066 1.31 (1.21 10 1.42) 1.23 (1.13 10 1.33)
Deprivation index fourth quintile 19183 950 1.46 (1.34 10 1.59) 1.34 (1.23 10 1.46)
Deprivation index fifth quintile (most deprived) 12903 774 1.68 (1.54 t0 1.84) 1.48 (1.3510 1.62)
Deprivation index missing 14 0
Total 126 736 5255
Deprivation index as continuous (per two unit increase on 1.14 (11210 1.16) 1.10(1.08 10 1.13)
the decile score)

Indian men
Deprivation index first quintile (least deprived) 2115 73 1.00 (ref) 1.00 (ref)
Deprivation index second quintile 3455 108 0.92 (0.69 to 1.24) 0.92 (0.68 to 1.23)
Deprivation index third quintile 4143 146 1.13(0.86 to 1.50) 1.08 (0.82 10 1.43)
Deprivation index fourth quintile 5838 241 1.33(1.0210 1.72) 1.25(0.96 t0 1.63)
Deprivation index fifth quintile (most deprived) 4659 234 1.59 (1.23 10 2.07) 1.48 (1.1410 1.93)
Deprivation index missing 0 0
Total 20 210 802
Deprivation index as continuous (per two unit increase on 1.16 (1.09 to 1.22) 1.13 (1.07 to 1.20)
the decile score)

European women
Deprivation index first quintile (least deprived) 29 388 639 1.00 (ref) 1.00 (ref)
Deprivation index second quintile 22 587 623 1.24 (1.11 t0 1.39) 1.20 (1.08 to 1.34)
Deprivation index third quintile 18 900 557 1.28 (1.15 to 1.44) 1.22 (1.09 to 1.36)
Deprivation index fourth quintile 14919 532 1.51 (1.34 10 1.69) 1.39 (1.24 10 1.56)
Deprivation index fifth quintile (most deprived) 9545 499 2.00 (1.78 t0 2.25) 1.76 (1.57 t0 1.98)
Deprivation index missing 8 0
Total 95 347 2850
Deprivation index as continuous (per two unit increase on 1.17 (1.14 10 1.20) 1.13(1.10t0 1.16)
the decile score)

Indian women
Deprivation index first quintile (least deprived) 1737 31 1.00 (ref) 1.00 (ref)
Deprivation index second quintile 2609 47 0.92 (0.59 to 1.46) 0.91 (0.58 to 1.44)
Deprivation index third quintile 2876 67 1.30 (0.85 t0 1.98) 1.28 (0.83 t0 1.95)
Deprivation index fourth quintile 3899 112 1.55 (1.04 to 2.31) 1.41 (0.95 t0 2.10)
Deprivation index fifth quintile (most deprived) 3051 97 1.60 (1.06 t0 2.39) 1.47 (0.0.98 to 2.20)
Deprivation index missing 1 0
Total 14173 354

Deprivation index as continuous (per two unit increase on
the decile score)

1.17 (1.07 t0 1.26)

1.13 (1.04 t0 1.23)

*Adjusted for age.

tAdjusted for Framingham risk score.
FThe quintiles are based on the distribution of the first principal component scores for the New Zealand Index of Socioeconomic Deprivation,
where quintile 1 indicates residence in the 20% of the least deprived census meshblock areas in New Zealand.

CVD, cardiovascular disease.

was well calibrated in Indian men reflecting their previ-
ously observed increased risk.
In the present study, we found that BMI was positively
associated with the risk of CVD in both Europeans and

Indians in all age-adjusted analyses. After adjusting for
the Framingham risk score, the categorical analyses
only showed a statistically significant positive association
between overweight or obesity and CVD in Indian women,
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whereas when BMI was analysed as a continuous variable,
the association remained significant in European men
and Indian men and women. Some of the risk related to
a high BMI is mediated through blood pressure, choles-
terol and glucose,Il which are included in the Fram-
ingham risk score (where diabetes is included instead of
glucose). This would explain why the association between
BMI and CVD was attenuated after adjusting for Fram-
ingham. BMI is often regarded as a poor indicator of
adiposity in South Asians, since South Asians have higher
levels of body fat than Europeans at the same BMI levels,”’
yet we found that BMI was significantly associated with
the risk of CVD in Indians and Europeans. It is possible
that adiposity would prove even more important for the
risk of CVD in Indians had we studied other adiposity
measures such as waist-to-hip ratio. Unfortunately, this
information was not available for the majority of the
study participants. The higher HR point estimates for the
association between increasing BMI (=18.5) and CVD in
Indians than Europeans could imply a stronger associa-
tion between BMI and CVD in Indians, concurring with
the lower cut-offs for overweight (BMI >23) and obesity
(BMI >25) that has been suggested for Asian Indians.”
However, the CIs for the two ethnic groups were overlap-
ping. The strong association between underweight and
risk of CVD is likely due to comorbidities and possibly
smoking-related weight loss.”

We found a similar and clear association between the
New Zealand deprivation index and CVD risk in both
Indians and Europeans. The association persisted after
adjusting for the Framingham score in both ethnic
groups suggesting that information about social depri-
vation should be considered in addition to Framingham
when assessing risk of CVD in Indians and Europeans.
The ASSIGN score from Scotland™ and QRISK,” which
is also from the UK, are examples of risk scores that have
included similar area-based measures of deprivation.
Framingham risk scores have previously been criticised
for lacking socioeconomic predictors'’ and our findings
support the inclusion of such information. The inclusion
of BMI or deprivation did not improve the AUC measures
compared with Framingham alone. However, the AUC is
an insensitive measure when it comes to selection of vari-
ables to be included in a prediction model."’

Strengths and limitations

A strength of this study is the large number of study
participants and the completeness of risk factor informa-
tion. Another strength is the identification of cardiovas-
cular outcomes through comprehensive national health
registers. We have also validated a well-known risk predic-
tion model in a high-risk population in which the validity
of available risk scores is largely unknown.

Since risk assessment was prioritised for high-risk
patients, the PREDICT cohort may not be representa-
tive of the general New Zealand adult population. More
importantly, however, the PREDICT cohort is representa-
tive of New Zealanders eligible for CVD risk assessment.

The New Zealand Ministry of Health has prioritised
and incentivised heart and diabetes checks over the last
10years through a nationally co-ordinated and funded
programme.?’4 Consequently, about 90% of all New
Zealanders meeting national guideline eligibility criteria
had CVD risk assessments between 2010 and 2015, and
over 90% of eligible individuals in the primary health
organisations using the PREDICT decision support soft-
ware have been risk assessed. A limitation is the lack of
individual measures of socioeconomic deprivation, and
the lack of adiposity measures in addition to BMI, such
as waist-to-hip ratio. Another limitation is that we could
not distinguish between Indians born in New Zealand or
overseas.

CONCLUSIONS

Prospective information from 222 000 Europeans and
34 000 Indians showed that a Framingham risk model
predicted the 5-year risk of CVD in Indian men reason-
ably well, but overestimated risk in Indian women and
in European men and women. The study also showed
that BMI and deprivation are potentially useful predic-
tors of CVD risk over and above Framingham predictors.
These findings demonstrate that improved methods for
assessing risk in Europeans and Indians in New Zealand
are warranted, particularly given the high burden of CVD
among South Asians.
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Table Al. Cardiovascular disease (CVD): included conditions and corresponding International
Classification of Disease-10-Australian Modification (ICD-10-AM) codes.

CVD conditions 1CD10-AM codes

Myocardial infarction 1210-1214, 1219-1221, 1228, 1229

Unstable angina 1200

Other coronary heart disease 1201, 1208, 1209, 1230-1236, 1238, 1240, 1248, 1249, 1253-1256, 1460, 1469

Heart failure 1110, 1130, 1132, 150, 1500, 1501, 1509

Haemorrhagic stroke 1600-1616, 1618, 1619

Ischaemic stroke 1630-1636, 1638, 1639, 164

Transient ischaemic attack G450-G453, G458-G468

Peripheral vascular disease E1050-E1052, E1150-E1152, E1451, E1452, 17021-17024, 17100-17103, 1711, 1713, 1715, 1718,
1739-1745, 1748, 1749,

Other CVD related deaths E1059, E1159, E1459, 1250, 12510-12513, 1252, 1258, 1259, 1461 1650-1653, 1658-1664, 1668-

1670, 1672, 1690, 1691, 1693, 1694, 1698, 1700, 1701, 17020, 1708, 1709, 1714, 72951, 7955, 7958,
7959
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5 PROGRAMME

DEMOGRAPHICS}LCVD RISK ASSESSMENT}LCVD RISK MANAGEMENTJ_[DIABETES MANAGEMENT]

|: ACTIONS ][ RECOMMENDATIONS ][ PATIENT INFORMATION ]I: RISK ASSESSMENT INFO ][ RESPONSE MESSAGE ][ DEBUG INFO :I

s ~

| PAGE: DEMOGRAPHICS (DEMOGRAPHICS) |

| Practitioners details (1245) [PRACTITIONERS_DETAILS] |

(Q_HP_ID HP_ID)
NZMC / NZNC number I:I

| Demographics (All to be prepopulated from PMS) (1246) [DEMOGRAPHICS] |
(Q_PATIENT_FIRSTNAME PATIENT_FIRSTNAME) |:|

First name

(Q_PATIENT_LASTNAME PATIENT_LASTNAME) |:|

Last name

(Q_FIND_PLACEHOLDER_PATIENT_ID
FIND_PLACEHOLDER _PATIENT_ID) vyeq (") _ (") No
Find Placeholder NHI? - -

(Q_NHI NHI)
war |

Northland (:11|NLD:)
Waitemata (:21|NWA:)
Auckland (:22|CAK:)
Counties Manukau (:23|SAK:)
Waikato (:31|WKO:)
Lakes (:42|LKS:)
Bay of Plenty (:47|BOP:)
Tairawhiti (:51|TRW:)
Hawkes Bay (:61|HWB:)
(Q_DHBCATCHMENT DHBCATCHMENT) | Taranaki (:71|TKI:)

DHB Catchment | MidCentral (:81|MWU:)
Whanganui (:82|WNI:)
Capital and Coast (:91|CAP:)
Hutt (:92|HUT:)
Wairarapa (:93|WRP:)
Nelson Marlborough (:101|NLM:)
West Coast (:111|WCO:)
Canterbury (:121|CTY:)
South Canterbury (:123|SCY:)
Otago (:131|OTA:)
Southland (:141|SLD:)

Quintile of deprivation ||

O Meahblock geocods [
Dateof birtn [ Jag/mmiyyyy
(QAGE AAEEQ) l:l Years

Male (:M:)
Female (:F:)

(Q_GENDER GENDER)
Gender

(Q_ETHNIC_GROUP_1 ETHNIC_GROUP_1)
Ethnic Group (1 or more self-identified ethnic group
may be chosen)




(Q_ETHNIC_GROUP_2 ETHNIC_GROUP_2)
Ethnic Group 2

(Q_ETHNIC_GROUP_3 ETHNIC_GROUP_3)
Ethnic Group 3

New Zealand European (:11:)

Other European (:12:)

New Zealand Maori (:21:)

Samoan (:31:)

Cook Island Maori (:32:)

Tongan (:33:)

Niuean (:34:)

Tokelauan (:35:)

Fijian (:36:)

Other Pacific Islands (not listed) (:37:)
Pacific Island not further defined (:30:)
Indian (:43:)

Sri Lankan (:441:)

Pakistani (:44414:)

Bangladeshi (:44412:)

Afghani (:44411:)

Nepalese (:44413:)

Tibetan (:44415:)

Chinese (:42:)

Japanese (:442:)

Korean (:443:)

Southeast Asian (:41:)

Other Asian (Code 44) (:44:)

Other Asian (Code 444) (:444:)
Asian not further defined (:40:)
Middle Eastern (:51:)

Latin American / Hispanic (:52:)
African (:53:)

Other (:54:)

European Not Further Defined (:10:)

New Zealand European (:11:)

Other European (:12:)

New Zealand Maori (:21:)

Samoan (:31:)

Cook Island Maori (:32:)

Tongan (:33:)

Niuean (:34:)

Tokelauan (:35:)

Fijian (:36:)

Other Pacific Islands (not listed) (:37:)
Pacific Island not further defined (:30:)
Indian (:43:)

Sri Lankan (:441:)

Pakistani (:44414:)

Bangladeshi (:44412:)

Afghani (:44411:)

Nepalese (:44413:)

Tibetan (:44415:)

Chinese (:42:)

Japanese (:442:)

Korean (:443:)

Southeast Asian (:41:)

Other Asian (Code 44) (:44:)

Other Asian (Code 444) (:444:)
Asian not further defined (:40:)
Middle Eastern (:51:)

Latin American / Hispanic (:52:)
African (:53:)

Other (:54:)

European Not Further Defined (:10:)

New Zealand European (:11:)

Other European (:12:)

New Zealand Maori (:21:)

Samoan (:31:)

Cook Island Maori (:32:)

Tongan (:33:)

Niuean (:34:)

Tokelauan (:35:)

Fijian (:36:)

Other Pacific Islands (not listed) (:37:)
Pacific Island not further defined (:30:)
Indian (:43:)

Sri Lankan (:441:)

Pakistani (:44414:)

Bangladeshi (:44412:)

Afghani (:44411:)

Nepalese (:44413:)

Tibetan (:44415:)

Chinese (:42:)

Japanese (:442:)

Korean (:443:)

Southeast Asian (:41:)

Other Asian (Code 44) (:44:)

Other Asian (Code 444) (:444:)
Asian not further defined (:40:)
Middle Eastern (:51:)

Latin American / Hispanic (:52:)
African (:53:)

Other (:54:)

European Not Further Defined (:10:)

NEXT




PAGE: CVD RISK ASSESSMENT (CVD_RISK_ASSESSMENT)

This page should be completed for all patients. All underlined items are required.

After submitting this form, additional follow up management forms become available to you. The secondary Diabetes
management form will become available dependant upon the status of the Diabetes field on this form.

NOTE: It is inappropriate to do CVD risk assessment in pregnancy.
ASSUME NEGATIVE DEFAULTS

Clinical History (1248) [CLINICAL_HISTORY] |

(Q_FAMILYHISTORY FAMILYHISTORY) —~ —~
Family History of Premature cvD Yes \_J - {_J No '
(Q_IHD IHD) >
Angina/MI Yes - No
(Q_ANGINA ANGINA) -~
Angina Yes ’(,,J - ’(,,J No
(Q_MI MI) ~ ~
MI Yes ’(,,J - ’(,,J No
(Q_PTCA_CABG PTCA_CABG) — ~
PCI/CABG Yes O - O no
(Q_STROKE_TIA STROKE_TIA)
Ischaemic Stroke or Transient Ischaemic Attack yqq - No
(TIA)
(Q_STROKE STROKE) o~ e
Ischaemic Stroke Yes '/ - () No
(Q_TIA TIA) PR .
Transient Ischaemic Attack (TIA) Yes \_J - \_J No
(Q_PVD PVD) —~ —~
pvD Yes ’(,,J - ’(,,J No
Please select (::
None (:0:)
(Q_DIABETES DIABETES) | Type 1 (:1:)
Diabetes | Type 2 (incl Type 2 on insulin) (:2:)

Type unknown (:3:)
Current gestational diabetes (:4:)

(Q_ATRIAL_FIBRILLATIO.N ATRIAL_.FIBR_ILL_ATI(?N) e O
ECG confirmed Atrial Fibrillation Yes '/ - {_J No
Please select (::
None (:0:)
(Q_GEN_LIPID GEN_LIPID)  Familial hypercholesterolaemia (:1:)

Diagnosed Genetic Lipid Disorder Familial defective apoB (:2:)
Familial combined dyslipidaemia (:3:)
Other genetic lipid disorder (:4:)

(Q_METABOLIC_SYNDROME METABOLIC_SYNDROME) ~ ~

m™ \
Diagnosed metabolic syndrome Yes ' - L) No
Please select (::
No - never (:0:)
No - quit over 12 months ago (:1:)
SMOKING SMOKING
@ Smoking Historz): No - recently quit (within 12 months) (:2:)

Yes - up to 10 / day (:3:)
Yes - 11 - 19 / day (:4:)
Yes - 20+ / day (:5:)

(Q_PREGNANT PREGNANT) —~ @)
Pregnant? Yes (U - (@ No

Examination (1249) [RA_EXAMINATION] |

(Q_BPS BPS)
Most recent BP (Sitting) I:] / :I mmHg

(Q_BPS2 BPS2)
Previous BP (Sitting) l:] / l:l mmHg

TCHDL_RATIO TCHDL_RATIO
@ - TC/HDL ratic)| | |- Date: | | dd/mm/yyyy

(Q_TCLTCL)
Total Cholesterol I:] mmol/L - Date: :I dd/mm/yyyy

Diabetes Screening (2113) [DM_SCREENING] |

(Q_RA_GLUCOSE RA_GLUCOSE) .
Fasting glucose (for diabetes screening) l:l mmol/L - Date: l:l dd/mm/yyyy




(Q_RA_HBA1C RA_HBA1C)
HbA1c (for diabetes screening)

For diabetic patient (1250) [FOR_DIABETIC_PATIENT]

(Q_DIABETES_YR DIABETES_YR)
Diabetes; vear of diagnosis

(Q_RENAL RENAL)
Renal disease

(Q_HBA1C HBAI1C)
HbA1c

(Q_DataReal_1 DataReal_1)

iH

Please select (::

No nephropathy (:0:)

Confirmed microalbuminuria (:1:)
Overt diabetic nephropathy (:2:)
Non-diabetic nephropathy (:3:)

This data is the patient’s real clinical information Yes @’ - C’ No
[ SuBMIT Risk AsSESSMENT  |or| PARK ONLY

| 'WHAT IF' / DEMONSTRATION STYLE RISK ASSESSMENT

PAGE: CVD RISK MANAGEMENT (CVD_RISK_MANAGEMENT)

Note the BMI calculator on this page calculates the BMI value automatically from height and weight. All underlined items are

required.

Examination (1252) [CVD_EXAMINATION]

(Q_HEIGHT HEIGHT)
Height

(Q_WEIGHT WEIGHT)
Weight

(Q_BMI BMI)
BMI (Auto-calculated)

(Q_WAIST WAIST)
Waist circumference

g

—

g

CVD medications (1253) [CVD_MEDICATIONS]

CAUTION: Please note that all medications default to "No". Please review carefully before proceeding.

| UPDATE CVD MEDICATIONS FROM MEDTECH...

(Q_ASPIRIN ASPIRIN)
Aspirin

(Q_CLOPIDOGREL CLOPIDOGREL)
Clopidogrel

(Q_WARFARIN WARFARIN)
Warfarin

(Q_ACE_INHIBITOR ACE_INHIBITOR)
ACE Inhibitor

(Q_AT2 AT2)
Angiotensin II Receptor Blocker

(Q_BETA_BLOCKER BETA_BLOCKER)
Beta Blocker

(Q_THIAZIDE THIAZIDE)
Thiazide

(Q_CALCIUM_ANTAGONIST CALCIUM_ANTAGONIST)
Calcium Antagonist

(Q_OTHER_HYP_DRUGS OTHER_HYP_DRUGS)
Other drug therapy for Hypertension

(Q_STATIN STATIN)
Statin

(Q_FIBRATE FIBRATE)
Fibrate

Contraindicated / Not tolerated (:1:)
Yes (:2:)
Don't know (:3:)

Contraindicated / Not tolerated (:1:)
Yes (:2:)

Contraindicated / Not tolerated (:1:)
Yes (:2:)

Contraindicated / Not tolerated (:1:)
Yes (:2:)

Contraindicated / Not tolerated (:1:)
Yes (:2:)

Contraindicated / Not tolerated (:1:)

=<
[0}
7
~
N
<

Contraindicated / Not tolerated (:1:)
Yes (:2:)

Contraindicated / Not tolerated (:1:)
Yes (:2:)

Contraindicated / Not tolerated (:1:)
Yes (:2:)

Contraindicated / Not tolerated (:1:)
Yes (:2:)

Contraindicated / Not tolerated (:1:)
Yes (:2:)




(Q_OTHER_LIPID_DRUGS OTHER_LIPID_DRUGS)
Other Lipid lowering drugs

Contraindicated / Not tolerated (:1:)
Yes (:2:)

Investigation (1254) [INVESTIGATION]

(Q_GLUCOSE GLUCOSE)

Fasting glucose (for diabetes screenin

(Q_CVD_HBA1C CVD_HBA1C)
HbA1c (for diabetes screening)

(Q_LDL LDL)
LDL Cholesterol (fasting)

(Q_TRI TRI)
Triglyceride (fasting)

(Q_HDL HDL)
HDL Cholesterol

[ |mmoL-pate:[  |dd/mm/yyyy
l:] % - Date: l:] dd/mm/yyyy

l:] mmol/L - Date: l:] dd/mm/yyyy
[ JmmoL-pate:[  |dd/mm/yyyy
[ |mmoL-pate:[  |dd/mm/yyyy

Lifestyle Management (1255) [LIFESTYLE_MANAGEMENT]

(Q_SMK_QUIT SMK_QUIT)
Smoke Quit Advice given today?

(Q_PHY_ACTIVE PHY_ACTIVE)

(Q_GREEN_PRES GREEN_PRES)
Green Prescription given

Yes ' _J -
Physically active? Yes O - O o
ves O - O No
dd/mm/yyyy

(Q_LAST_DIET_CHECK LAST_DIET_CHECK)

Date of last dietary 1t

(Q_REFERRAL_DIET_GIVEN REFERRAL_DIET_GIVEN)
Date referral for dietary advice

(Q_Diab_nurse_edu_provided Diab_nurse_edu_provided)

Nurse Education Provided

(Q_DataReal_2 DataReal_2)
This data is the patient’s real clinical information

[ lda/mmivyyy

' ) ' &)
Yes () - (_J) No

Yes @‘J - 'CJ No

NEXT ...

| RUN CVD MANAGEMENT

|or[ PaRk ONLY |

| 'WHAT IF' / DEMONSTRATION CVD MANAGEMENT |

PAGE: DIABETES MANAGEMENT (DIABETES_MANAGEMENT) |

All underlined items are required.

Get Checked (2062) [DIABETIC_GETCHECKED_SH] |
£\ £\

(Q_DIABETES_GETCHECKED DIABETES_GETCHECKED) ‘
o -9

Is this a Get Checked annual review? Yes ' No

| Diabetes glycaemic control (1257) [DIABETES_GLYCAEMIC_CONTROL] |

CAUTION: Please note that all medication-related questions in this section default to "No". Please review carefully before proceeding.

| UPDATE DM MEDICATIONS FROM MEDTECH... |

(Q_DIAB_HBA1C DIAB_HBA1C)
HbAlc

(Q_DIAB_DIETONLY DIAB_DIETONLY)
Diet therapy only

(Q_DIAB_METFORMIN DIAB_METFORMIN)
Metformin

(Q_DIAB_SULPHONYLUREA DIAB_SULPHONYLUREA)
Sulphonylurea

(Q_DIAB_GLITAZONE DIAB_GLITAZONE)
Glitazone

(Q_DIAB_ACARBOSE DIAB_ACARBOSE)
Acarbose

Yes (:1:)

Contraindicated / Not tolerated (:1:)
Yes (:3:)
On maximum tolerated dose (:2:)

Contraindicated / Not tolerated (:1:)
Yes (:3:)
On maximum tolerated dose (:2:)

Contraindicated / Not tolerated (:1:)
Yes (:3:)
On maximum tolerated dose (:2:)




(Q_DIAB_INSULIN DIAB_INSULIN)
Insulin

(Q_DIAB_HYPO_ATTACKS DIAB_HYPO_ATTACKS)
Hypoglycaemic attacks

(Q_DIAB_LAST_DIET_ASSESS DIAB_LAST_DIET_ASSESS)
Date of last dietary 1t

Contraindicated / Not tolerated (:1:)
Yes (:3:)
On maximum tolerated dose (:2:)

Nocturnal only (:1:)

Once daily (:2:)

Twice daily (:3:)

Multiple injections/insulin pump (:4:)

Less than 1 per month (:1:)
Less than 1 per week (:2:)
More than 1 per week (:3:)

dd/mm/yyyy

(Q_DIAB_DIET_REFERRAL DIAB_DIET_REFERRAL)
Date referral for dietary advice

(Q_DIAB_EDU_REFERRAL DIAB_EDU_REFERRAL)
Date referral for diabetic education

[ lda/mmivyyy
[ lda/mmivyyy

Renal (1258) [RENAL]

(Q_DIAB_ACR DIAB_ACR)
ACR

(Q_SERUM_CREATININE SERUM_CREATININE)
Serum creatinine

(Q_DIAB_GFR DIAB_GFR)
Estimated GFR

|:| mg/mmol - Date: I:I dd/mm/yyyy
72 pate: [ ca/mmivyyy
[ ]mymin/1.73 m2

Diabetic Feet (required for GetChecked) (1259) [DIABETIC_FEET_HEADER]

(Q_RUNDIAB_FEET RUNDIAB_FEET)
Do you want to complete the foot section?

(Q_DIAB_FEET_DATE_LAST_CHECK
DIAB_FEET_DATE_LAST_CHECK)
Date of last foot examination

(Q_DIAB_FEET_ULCER_HISTORY
DIAB_FEET_ULCER_HISTORY)
History diabetic ulcer

(Q_DIAB_FEET_ULCER_CURRENT
DIAB_FEET_ULCER_CURRENT)
Current diabetic ulcer

(Q_DIAB_FEET_HIGHRISK DIAB_FEET_HIGHRISK)
Other criteria for 'high-risk' foot

(Q_DIAB_FEET_PREV_LOWLIMB_AMP
DIAB_FEET_PREV_LOWLIMB_AMP)
Previous diabetic lower limb amputation

(Q_DIAB_FEET_SENSATION DIAB_FEET_SENSATION)
Foot - Sensation

(Q_DIAB_FEET_CIRCULATION DIAB_FEET_CIRCULATION)
Foot - Circulation

[No (:00) |
Yes (:1:)

[ Jda/mmryyyy

Yes O - O no

Yes O - O no

Yes O - O No

No (:0:)

Yes - Left (:1:)

Yes - Right (:2:)
Yes - Bilateral (:3:)

Not Examined (:0:)
Normal (:1:)
Abnormal (Left) (:2:)
Abnormal (Right) (:3:)
Abnormal (BOTH) (:4:)

Not Examined (:0:)
Normal (:1:)
Abnormal (Left) (:2:)
Abnormal (Right) (:3:)
Abnormal (BOTH) (:4:)

Diabetic Eyes (required for GetChecked) (1261) [DIABETIC_EYES_HEADER]

(Q_BLIND BLIND)
Blind in both eyes?

(Q_RUNDIAB_EYES RUNDIAB_EYES)
Do you want to complete the eye section?

(Q_DIAB_EYE_LASTRET DIAB_EYE_LASTRET)
Date of last retinal review

(Q_DIAB_EYE_RETINOPATHY DIAB_EYE_RETINOPATHY)
Retinopathy worst eye

(Q_DIAB_VIS_ACUITY_LEFT DIAB_VIS_ACUITY_LEFT)
Corrected visual acuity (x/x)

Yes () - @ no

Yes (:1:)

[ lda/mmivyyy

No retinopathy / no changes (:0:)
Non-proliferative (:1:)
Proliferative (:2:)

Macular oedema (:3:)

Not checked (:9:)

L Jol 1w




No (:0:)
(Q_DIAB_RETINAL_REFERRAL DIAB_RETINAL_REFERRAL) | No - in screening programme (:1:)
Eye referral today? | No - under care of Ophthalmologist (:2:)
Yes - to retinal screening programme (:3:)
Yes - to ophthalmologist (:4:)

(Q_DataReal_3 DataReal_3) - - e
This data is the patient’s real clinical information Yes ® - O no

| RUN DIABETES MANAGEMENT |or| PARK ONLY ]

| 'WHAT IF' / DEMONSTRATION DIABETES MANAGEMENT |

| PAGE: Actions (Actions) |

| PAGE: Recommendations (Recommendations) |

| PAGE: Patient Information (Patient_Information) |

| PAGE: Risk Assessment Info (Risk_Assessment_Info) |

| PAGE: Response Message (Response_Message) |

| PAGE: Debug Info (Debug_Info) |

o -

4

OMDunedin PREDICT  cnuicnan

PRIMARY HEALTH ORGAMISATION ™

© Enigma Publishing Limited.
Logout







/
Appendix 2: CONOR questionnaire CONOR

QUESTIONNAIRE IN ENGLISH

YOUR OWN HEALTH

1. What is your current health status? Tick one only
Poor

Not so good

Good

Very good

2. Do you have, or have you had?
Yes No Age first time
Heart attack
Angina pectoris
(heart cramp)
Cerebral stroke/
Brain haemorrhage
Asthma
Diabetes

3. Have you during the last year suffered from pain and/or

stiffness in muscles and joints that have lasted for at least 3 months ?
Yes

No

4. Have you in the last two weeks felt :
No Alittle Alot Very much
Nervous or worried
Anxious
Confident and calm
Irritable
Happy/Optimistic
Down/Depressed
Lonely

PHYSICAL ACTIVIYY

5a. How has your physical activity during leisure time been over the last year ?
Think of your weekly average for the year. Time spent going to or fromworkk counts as leisure time
Hours per week
None Lessthanl 1-2 3 or more
Light activity
(not sweating or out of breath)

Hard physical activity
(sweating/out of breath)

5b. Please note physical activity during the past year in your spare time.
If activity varies between summer and wintertime,

note a mean value.

(Tick one only)

Reading, watching TV or any other sedentary activity?

Walking, cycling, or other activity, other for at least 4 hours a week?
(Count also walking back and forth from work)

Light sports, heavy gardening?
(At least 4 thours perweek)




Pl -cno-

Hard exercise, competitive sports? Regularly and several times a week

SMOKING

6 . How many hours a day do you normally spend in smoke-filled rooms?
Write 0 if you don’t spend time in smoke-filled rooms
Number of hours............

7. Did any of the adults smoke at home when you grew up?
Yes
No

8. Do you now, or have you ever lived together with a daily smoker after the age of 20 years?
Yes
No

9. Do you smoke ?
Yes No
Cigarettes daily
Cigars/cigarillos daily
Pipe daily

10. If you previously smoked daily, how long is it since you quit?
......... number of years

11. If you smoke daily now or previously:
How many cigarettes do you,or did you usually smoke per day?
Number of cigarettes................

12. How old were you when you began smoking?

COFFEE, TEA AND ALCOHOL

14.a How many cups of coffee do you usually drink daily ?
Write 0 if you do not drink coffee daily

Boiled coffee (coarsely ground), number......

Coffee other, number...........

14.b What type of coffee do you usually drink?
Please tick

Filter/instant coffee

Boiled coffee (coarsely ground)

Other (espresso etc)

Do not drink coffee

14c. How many cups of coffee/tea do you usually drink daily?
Write 0 if you do not drink coffee/tea daily

Number of cups with coffee.............

Number of cups with tea............

15 a. How many times a month do you usually drink alcohol?
Do not count low-alcohol beer. Put 0 if less than once a month.
Number of times.............

15 b. Approximately how often during the past 12 months have you consumed alcohol?
(Do not count low-alcohol beer)




Pl -cno-

4-7 times a week

2-3 times a week

App. 1 time a week

2-3 times a month

Appr. 1 time a month

A few times last year

Have not drunk alcohol the last year
Have never drunk alcohol

16 a. How many glasses of beer, wine or spirits
do you usually drink during a two-weeks period?
Do not count low-alcohol beer. Put 0 if you do not drink alcohol.

Beer.....glasses Wine.....glasses Spirits.....glasses

For those who have consumed alcohol during the past year
16 b. When you drank alcohol, how many glasses

did you usually drink ?

Number of glasses.............

16 c. Approximately how often during the past 12 months have you consumed alcohol
corresponding to at least 5 glasses of spirits in 24 hours?
Number of times...........

16 d. When you drink alcohol, do you usually drink: (Tick one or more).
Beer Wine Spirits (hard liquor)

17. Are you a total abstainer from alcohol ?
Yes
No

EDUCATION

18 a. What is the highest level of education you have completed?

Less than 7 year of primary school

7-10 years primary/secondary school

Technical school, middle school, vocational school, 1-2 years senior high school
High school diploma (3-4 years)

College/university, less than 4 years

College/university, 4 or more years

18 b. How many years education have you completed all together?
(Count every year you went to school)
Number of years.............

ILLNESS IN THE FAMILY

19. Have one or more of your parents or siblings had a heart attack
or angina pectoris?

Yes

No

Don't know

20. Tick for those relatives who have or have had:
Mother  Father Brother Sister Child
Cerebral stroke or
brain haemorrhage
Myocardial infarction
before age 60
Asthma




Cancer
Diabetes
Age when diabetes was first diagnosed
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RESIDENCY

21. In which muncipality did you live at the age of 1 year?
If you did not live in Norway, give country of residence instead of municipality.

22. What type of dwelling do you live in?
Villa/detached house

Farm

Flat/apartment

Terraced/semi-detached house
Other/institution/care home

23. How large is your home?

24. Do you have wall-to-wall carpets in the living-room?
Yes No

25. Is there a cat in your home?
Yes No

FAMILY AND FRIENDS

26 a. With whom do you live? Tick one for each question and write the number
Yes No Number

Spouse/Partner

Other persons older than 18 years

Persons younger than 18 years

26 b. Do you live with anyone?
Yes
No

If YES:
Yes No Number
Spouse/Partner
Other persons older than 18 years
Persons younger than 18 years

26 c (only at the questionary for the elderly)
Where do you live ? Please tick

Home

Institution

Do you live with?

Yes No
Spouse/Partner?
Other persones?

27. How many of the children attend day care/kindergarten/nursery school?

28. How many good friends do you have with whom you can talk confidentially
and who can provide help if you need it?
(Do not count people you live with, but do include other relatives)
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29. Do you feel that you have enough good friends?
Yes
No

30. How often do you usually take part in organised activities, e.g.

sewing circles, sports clubs, political meetings, religious or other organizations?
Never, or just a few times a year

1-2 times a month (before year 1996), 1-3 times a month (after year 1996)
Approximately once a week

More than once a week

WORK

31. What is your current work situation?
Paid work

Full-time housework

Under education, military service
Unemployed, on leave without payment

32 a. How many hours of paid work do you have per week?
................... number of hours

32 b. What is your current work situation — paid work?
Yes, full-time

Yes, part time

No

33. Do you receive any of the following?
Sickness benefit?

Old-age pension?

Rehabilitation benefit?

Disability pension?

Unemployment benefits?

Social welfare benefits?

Social benefit-single parent?

34. Do you work shifts or nights?
Yes
No

35. If you have paid or unpaid work, which statement describes your work best?
Mostly sedentary work?
(e.g. office work, mounting)

Work that requires a lot of walking?
(e.g. shop assistant, light industrial work, teaching)

Work that requires a lot of walking and lifting?
(e.g. postman, nursing, construction)

Heavy manual labour? (e.g. forestry, heavy farmwork, heavy construction)

36. Do you_decide yourself how your work will be done? (Tick one only)
Not at all

Very little

Yes, sometimes

Yes, my own decision

37 a. Do you have any of the following occupations ?
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(full time or part time) Tick one for each question
Yes No

Driver

Farmer

Fisherman

37 b. What occupation/title did you have at this work?

(the question refers to another question (not CONOR) about the occupation
where they worked the longest period during the past year)

Ex secretary, teacher, industrial worker, nursing, carpenter, |

eader, salesman, driver etc)

YOUR OWN ILLNESS AND INJURIES

38. Have you ever had:

Tick one for each question. State age at event.

If it has happened several times, write age at the last event.
Yes No Age at lasttime

Hip fracture

Wrist/forearm fracture

Whiplash

Injury requiring hospital

admission

39. Do you have or have you ever had?
Tick yes or no for each question
Yes No
Hay fever
Chronic bronchitis/femphysema
Osteoporosis
Fibromyalgia/fibrositis/chronic pain syndrome
Psychological problems for which you have sought help

40. Do you cough almost daily for some periods of the year?
Yes No

41. If yes,
do you bring up phlegm?
Yes  No

42. If you cough almost daily for some periods of the year, have you had this
kind of cough for as long as 3 months in each of the last two years?
Yes No

43. How often do you suffer from sleeplessness?

Never, or just a few times a year

1-2 times a month (before year 2000), 1-3 times a month (after year 2000)
Approximately once a week

More than once a week

44. Have you in the last twelve months suffered from sleeplessness
to the extent that it has affected your ability to work ? Yes No

USE OF MEDICATION

45. Do you take?
Currently Previously Never




Lipid lowering drugs

Medications for high blood pressure
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46 a. Have you for any length of time in the past year used any of the following
medications every day or almost daily?

Indicate how many months you have used the medication. Write O if you did not take the medication.

Medications:

Painkillers ... months.
Sleeping pills  ......... months.
Tranquilizers  ......... months.
Antidepressants —......... months.
Allergy pills ... months.
Asthma medication ......... months.

Only medication bought at pharmacy .
Do not include dietary supplements

46 b. How often during the last 4 weeks
have you taken any of the following medication?
Tick one per line
Daily  Weekly Less than Not taken
but not daily weekly last 4 weeks
Painkillers without prescription
Painkillers on prescription
Sleeping pills
Tranquilizers
Antidepressants
Other medication on prescription

46.c Fill in name of medication, reason for use and time used from g 46.b

Brand name Reason for use For how long
up to 1 year/1 year or more

@ 0k~ wDd PR

DIETARY SUPPLEMENTS

47 a. Have you for any length of time in the past year taken any of the
following daily or almost daily?
Indicate how many months you have used them. Write 0 if you did not take any.

Iron tablets months

Vitamin D supplements ... months
Other vitamin supplements ... months
Cod liveroil months

47 b. Do you take any of the following?
Yes, daily ~ Sometimes No
Cod liver oil, capsules
Fish oil capsules
Vitamin and or
mineral supplements
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THE REST OF THE FORM SHOULD ONLY BE FILLED IN BY WOMEN

48. How old were you when you started menstruating?

50. Are you pregnant at the moment?

Yes No Unsure Postmenopausal

51. How many children have you given birth to?
......... children

52. If you have given birth, what year was the child born and how many
months did you breastfeed each child
Child Year born Number of months with breastfeeding

ok wdE

53. Do you use or have you ever used:
Now Previously Never
Contraceptive pills (OC) (incl. minipill)
Contraceptive injections
Hormonal intrauterine device
Estrogen (tablets or patches)
Estrogen (cream or suppositories)

54. If you use contraceptive pills, hormonal intrauterine device, or estrogen,
what brand do you currently use?
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