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eAppendix. Supplemental Methods

Register Data

Validation studies have found Denmark’s clinical registers to be of high quality and virtually 100%
complete.r® Abstracting diagnostic information from clinical encounter data is an established technique; the
ascertainment scheme used in this study has been systematically and repeatedly validated in the Danish registers
against clinical diagnostic algorithms, with high sensitivity and specificity.5° Since virtually all healthcare
utilization is captured in the register data,>* and since everyone in Denmark is covered by identical universal
comprehensive health insurance, inferring health conditions based on ICD and ATC codes is unlikely to be
influenced by the bias present in U.S. claims data, in which utilization and diagnoses are dependent on
insurance coverage.

Secondary Analyses

For the three cardiovascular disease (CVD) risk factors considered as outcomes, one possible limitation of
these Cox models is differential left-censoring, since the three source registers for this study—outpatient,
inpatient, and prescription drug—were each established at different times. Cox model results may be biased if
neighborhood deprivation is associated with the likelihood of diagnosis based on outpatient, inpatient, or
prescription drug data (e.g., if there are differences in prescription or hospitalization patterns that differ by
neighborhood due to practice patterns, healthcare access, or some other factor than actual disease incidence).
Cox models with fixed effects also suffer from the “incidental parameters problem,” and thus they were
considered the secondary models in this study.*? Logistic models were not implemented due to their inability to
accommodate the very large number of variables in municipality-level fixed effects models.

Principal Component Analysis

We created a composite neighborhood deprivation index for each neighborhood by year, using principal
component analysis (PCA) to combine eight neighborhood-level sociodemographic variables examined in prior
observational analyses that represent different theoretical constructs capturing socioeconomic deprivation

(Supplemental Table 1). We first calculated the neighborhood-level sociodemographic characteristics for each
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year and each parish. We then standardized (i.e., normalized) the neighborhood-level sociodemographic
characteristics for each parish, by year. We then performed PCA, combining the neighborhood-level
sociodemographic variables for each parish and year, resulting in 8 principal components for each parish and
year. Consistent with prior work on neighborhood deprivation using similar techniques,*>® we selected the first
component to serve as the composite index of neighborhood deprivation for this study. The variable loadings
for this first component are shown in Supplemental Table 1. This first component explained 34% of the
variance in the data (Supplemental Table 2). Similar techniques have been used to construct deprivation indices
in prior studies across several international settings.62*

While a composite index provides a more holistic representation of neigborhood deprivation compared with
examining only a single neighborhood-level exposure (e.g., median income), it also creates difficulties in
interpretation of the results. For example, different parishes may all have the same value of the composite index,
and yet have very different values for the 8 different neighborhood-level characteristics. Variables loadings for
each characteristics differ slightly from year to year. At the same time, a 1-unit shift in the index could result
from any number of changes to the 8 different characteristics. Future work could examine each of the separate
characteristics independently to tease apart their contributions to CVD risk.

In constructing the 8-variable deprivation index, we noted that several of the neighborhood characteristics
were highly correlated, several had low or inconsistent variable loadings across the study period, and several
variable loadings were in the opposite direction as expected (thereby complicating interpretation of the
composite score). We therefore conducted a sensitivity analysis in which we narrowed the list of characteristics
to those four that have been used in prior research on neighborhood deprivation in a Scandinavian context—
median income, education, welfare participation, and unemployment—and whose variable loadings were in an
expected direction.**1% In doing so, we eliminated correlated variables, those with inconsistent loadings over
time, and those with low variable loadings. This is a technique that has been used in similar work in the U.S.
context.*® The first component for this 4-variable sensitivity analysis explained 56% of the variance in the data

(Supplemental Table 2). We then carried out a secondary analysis in which a composite score using only these 4
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variables was the primary exposure, which resulted in findings that were similar to those of the primary analysis
(Supplemental Figure 3), with increased neighborhood deprivation associated with higher risk of hypertension
(0.85 percentage points per unit of deprivation index, 95%CI: 0.39, 1.30; p<0.01), hyperlipidemia (0.55

percentage points, 95%CI: 0.10, 0.99, p=0.02), diabetes (0.35 percentage points, 95%CI: 0.05, 0.65, p=0.02),

and M1 (0.17 percentage points, 95%ClI: 0.03, 0.30, 0=0.02).
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eFigure 1. Study flowchart
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eFigure 2. Effect of neighborhood deprivation on cardiovascular outcomes, Cox models
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N = 49,305. Study population includes all adult immigrants (ages 18 and over), who arrived in Denmark from
refugee-sending countries during 1986-1998. Diagnoses were extracted from register data using medication and
physician diagnosis codes. A continuous variable representing composite deprivation index of socioeconomic
deprivation was created for each neighborhood by year, using principal component analysis to combine eight
neighborhood-level sociodemographic variables (Supplemental Table 1). Analyses involved multivariable Cox
regressions, with covariates including family size, gender, marital status, region of origin, year of arrival, and
fixed effects for municipality. Coefficients represent the change in risk (hazard ratio) per unit of the deprivation
index, with 95% confidence intervals in parentheses. MI: myocardial infarction.
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eFigure 3. Effect of neighborhood deprivation on cardiovascular outcomes, using alternative neighborhood
deprivation index
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N = 49,305. Study population includes all adult immigrants (ages 18 and over) who arrived to Denmark from
refugee-sending countries during 1986-1998. Diagnoses were extracted using medication and clinical encounter
codes from register data. A continuous variable representing composite deprivation index of socioeconomic
deprivation was created for each neighborhood by year, using principal component analysis to combine four
neighborhood-level sociodemographic variables (Supplemental Table 1). Analyses involved multivariable linear
regressions, with covariates including family size, gender, marital status, region of origin, year of arrival, and
fixed effects for municipality. Coefficients represent the change in risk (in percentage points) per unit of the
deprivation index, with 95% confidence intervals in parentheses. MI: myocardial infarction.

© 2020 Hamad R et al. JAMA Network Open.



eTable 1. Characteristics included in neighborhood deprivation index

foreign-born

Measure Description Variable Loading | Variable Loading
(PCA8) (PCA 4)

Median income Median family income 0.36 0.58

Education Median years of formal schooling 0.43 0.51
completed

Welfare participation | Percent receiving welfare support -0.49 -0.48

Unemployment rate | Fraction of adults aged 18-59 who -0.22 -0.41
are unemployed

Family poverty Percent of families in poverty 0.35

Income inequality Gini coefficient 0.36

Crime rate Violent crimes per capita 0.12

Foreign-born Percent of individuals who are 0.32

Note: Variable loadings presented above were obtained from conducting principal component analysis,
averaged over the study period 1986-1998. PCAS8 represents an analysis including all 8 neighborhood

characteristics, while PCA4 represents an analysis conducted using 4 neighborhood characteristics that met the

criteria described in the Supplemental Methods.
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eTable 2. Principal component analysis: eigenvalues and proportion of variance explained

Compone | Compone | Compone | Compone | Compone | Compone | Compone | Componne
ntl nt 2 nt 3 nt4 nts nt 6 nt7 nt 8
Panel A. PCA 8
Eigenval 2.70 1.98 1.27 0.59 0.49 0.41 0.30 0.26
ue
Proportio 0.34 0.25 0.16 0.07 0.06 0.05 0.04 0.03
n of
variance
explained
Panel B. PCA 4
Eigenval 2.23 0.81 0.61 0.35
ue
Proportio 0.56 0.20 0.15 0.09
n of
variance
explained

Note: Results presented above were obtained from conducting principal component analysis, averaged over
the study period 1986-1998. PCAS8 represents an analysis including all 8 neighborhood characteristics, while
PCA4 represents an analysis conducted using 4 neighborhood characteristics that met the criteria described in
the Supplemental Methods.
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eTable 3. Prevalence of outcomes in refugee population compared with population of native-born Danes
matched on age and gender

Prevalence (%)
Health Outcome Refugees Native-Born
Danes
Hypertension 37.2 35.3
Hyperlipidemia 25.2 18.7
Diabetes 16.0 7.1
Myocardial infarction 3.3 2.7
Stroke 2.8 3.6

Note: N = 49,305 refugees and 493,050 native-born Danes. The comparison population of native-born Danes
was created by sampling randomly from the Danish population with replacement, with 10 Danes sampled for
every 1 refugee. The comparison population was matched to the refugee population by age and gender.
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eTable 4. Effect of neighborhood deprivation on cardiovascular outcomes, by gender and age of arrival in

Denmark

Hypertensio | Hyperlipidemi Diabetes Ml Stroke
n a
Panel A. By Gender
Deprivation X Female -0.21 -0.05 0.03 -0.12 -0.04
(-0.68, 0.26) (-0.48, 0.38) (-0.44,0.51) | (-0.33,0.08) (-0.20,
0.12)
Deprivation 0.80*** 0.47** 0.44* 0.19*** 0.02
(0.39,1.21) (0.03, 0.90) (-0.01,0.89) | (0.05,0.33) (-0.15,
0.19)
Female 6.05*** -2.18*** -0.35 -2.56*** -0.51***
(5.08, 7.01) (-3.02,-1.34) | (-1.10,0.40) | (-2.97,-2.14) | (-0.85, -
0.18)
Panel B. By Age on Arrival
Deprivation X Age<35 -0.09 1.16*** 0.17 -0.02 -0.04
(-0.75, 0.56) (0.41,1.92) (-0.36, 0.70) | (-0.32,0.29) (-0.38,
0.29)
Deprivation 0.73*** 0.04 0.40*** 0.16** 0.05
(0.33,1.14) (-0.34,0.43) (0.11,0.70) | (0.03,0.30) (-0.07,
0.18)
Age <35 18.82*** 19.64*** 11.48*** 4.80*** 5.23***
(17.68, (18.50, 20.78) (10.69, (4.28,5.32) | (4.67,5.78)
19.95) 12.26)

*p < 0.1, ** p <0.05, *** p < 0.01

N = 49,305. Study population includes all adult immigrants (ages 18 and over) who arrived to Denmark from
refugee-sending countries during 1986-1998. Diagnoses were extracted using medication and clinical encounter

codes from register data. A composite deprivation index of socioeconomic deprivation was created for each
neighborhood by year, using principal component analysis to combine eight neighborhood-level

sociodemographic variables (Supplemental Table 1). Analyses involved multivariable linear regressions, with

covariates including family size, gender, marital status, region of origin, year of arrival, and fixed effects for

municipality. Coefficients represent the change in risk (in percentage points) per unit of the deprivation index,

with 95% confidence intervals in parentheses. MI: myocardial infarction.
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