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Abstract

Suicide mortality among immigrant groups is an important health issue, particularly in coun-

tries with growing segments of immigrant populations such as Norway. Through linkage of

Norwegian national registers we wanted to estimate suicide rates (per 100,000 population)

in immigrant groups and to profile characteristics of suicide by immigration background with

respect to sex, age, method and seasonality of suicide as well as time since immigrating to

Norway. Among all 11,409 suicides during 1992–2012, 1,139 (10%) were individuals with

an immigration background. Suicide rate was lower in first-generation immigrants (foreign-

born persons to two foreign-born parents) than native Norwegians (9.53 vs 12.22, P < 0.01),

with a significant difference confined to male rates only. Foreign-born persons with at least

one Norwegian-born parent had significantly higher suicide rates than natives in both sexes

(22.42 vs 18.03 in males, 11.67 vs 6.54 in females, P < 0.01). The most frequently used sui-

cide method in all the population groups was hanging; this method accounted for 44.0% of

all suicides of first-generation immigrants, 45.2% of all suicides of foreign-born persons with

at least one Norwegian-born parent, and 35.4% of all suicides of natives. Suicide by firearms

accounted for a much smaller proportion of cases of first-generation immigrants (6.7%) and

foreign-born persons with at least one Norwegian-born parent (6.8%) than cases of native

Norwegians (20.7%). In terms of monthly distribution, suicides of first-generation immigrants

displayed two peaks, in May and in November (P = 0.01). More than 25% of all first-genera-

tion immigrant suicides occurred in the first five years after immigration; but differences in

time since immigration were observed by sex and country group of origin, in particular

among those aged 35 years or less when moving to Norway. In conclusion, there are nota-

ble differences in characteristics of suicides by immigration background. Knowledge of

immigrant mortality according to suicide method, seasonality of suicide, and time since

immigration may be useful when planning suicide preventive measures.

Introduction

During the last decades the number of immigrants to European countries has grown dramati-

cally, as a result of societal phenomena such as increasing labour demands in the growing
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economies, family reunifications and refugee streams due to wars and political conflicts [1].

According to the UN, the estimated number of international immigrants (people born outside

of the country they live in) in Europe in 2017 was almost 78 million, representing approxi-

mately 10.5% of the entire European population [2]. During the process integrating to the host

country, immigrants may experience multiple stresses that may impact their mental wellbeing

and may increase risks of mental disorders and suicidal behaviour [3–7]. Cultures of origin,

the relative social and economic marginalization of immigrant minority groups from the

majority society, and the weakening of previous family and social networks are suggested fac-

tors that influence immigrants’ suicidal behaviour [5, 8–10]. Studies comparing immigrants’

suicide rates with those of the native population have reported divergent results. Most studies

have shown that immigrants tend to retain suicide rates of their country of origin while resid-

ing in the host countries [11–13], while some studies have demonstrated that, with increasing

time spent in the immigration countries, suicide rates of immigrant groups appear to converge

with the rates of the native population in the host country [12, 14]. Other studies have shown

that foreign-born persons (persons born in a country other than the one in which they reside)

have a significantly higher rate of suicide death compared with the indigenous population [15,

16].

Norway is among the countries where the proportion of first-generation immigrants (for-

eign-born persons to two foreign-born parents) and second-generation immigrants (Norwe-

gian-born persons to two foreign-born parents) in the population has increased significantly,

from around 1.5% of the national population in the early 1970s to 16.8% in 2017, with a total

of 883,751 persons [17]. In a previous population study we have demonstrated that first- and

second-generation immigrants had a significantly lower risk of suicide compared with native

Norwegians, whereas the risks for Norwegian-born persons with one foreign-born parent and

foreign-born individuals with at least one Norwegian-born parent were significantly higher

[18]. We have furthermore shown that various immigrant populations, as well as native Nor-

wegians, share most common risk factors for suicide such as low levels of education, low

annual income and single, separated, divorced or widowed marital status; whereas living in the

capital area was associated with a reduced risk of suicide in first-generation immigrants but an

increased risk in native Norwegians [19].

Despite these findings, there is a lack of knowledge on absolute rates of suicide by immigra-

tion background and of research into detailed characteristics of suicides by this background.

Understanding differences in characteristics of suicides by specific immigration background is

of fundamental importance especially for professionals, who, aware of such differences while

planning suicide preventive measure, may more effectively tailor these measures to at-risk

immigrant populations. Using the unique possibilities of Norwegian national registers, the

aims of this study were: (1) to estimate rates of suicide death for immigrant groups and the

majority population, (2) to profile characteristics of suicides by immigration background with

respect to sex, age, method of suicide, and month of the year when suicide occurred and (3) to

investigate temporal patterns of suicide incidents of first-generation immigrants according to

time since their immigration to Norway.

Materials and methods

Data sources, study design and population

Data for the present study were retrieved from two Norwegian national longitudinal registers

that were interlinked on an individual level via the encrypted personal identifier of all residents

in Norway. The Cause-of-Death Register contains dates and causes of all deaths in Norway

since the year 1969. Suicide was coded according to the International Classification of Diseases
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(ICD), 9th Revision for the years 1992–95 (codes E950-E959) and 10th Revision for the years

1996–2012 (codes X60-X84, Y870). The Central Population Register, computerized since the

year 1964, contains demographic data such as country of birth, citizenship, date of immigra-

tion or emigration, alongside with sex, date of birth and links to parents.

In this retrospective population-based study, cases were identified as all completed suicides

from the Cause-of-Death Register from the year 1992 through 2012 and were restricted to

individuals residing in Norway at the time of their suicide, yielding a total of 11,409 suicide

cases.

Variables

Immigration background. Data on immigration background for suicide cases were

obtained from the Central Population Register, and categorized, considering the Statistics

Norway’s classification on immigration background [20], into the following five groups: native

Norwegians (Norwegian-born persons to two Norwegian-born parents), first-generation

immigrants (foreign-born persons to two foreign-born parents), second-generation immi-

grants (Norwegian-born persons to two foreign-born parents), Norwegian-born persons with

one foreign-born parent, and foreign-born individuals with at least one Norwegian-born par-

ent (including intercountry adoptees, for which our data sources do not allow us to distin-

guish). The categorization was made upon available information of legal parents since the

establishment of Central population register in 1964 [21].

Method of suicide. Data on method of suicide were retrieved from the Cause-of-Death

Register for the period under study and classified into seven categories: “Poisoning”

(E950-E952 or X60-X69), “Hanging” (E953 or X70), “Drowning” (E954 or X71), “Firearms

and explosive material” (E955 or X72-X75), “Cutting or piercing instruments” (E956 or X78),

“Jumping from a high place” (E957 or X80) and “Other or unknown method” (E958-E959 or

X76-77, X79, X81-84, Y870). The category “Firearms and explosive material” was relabelled as

“Firearms” in the text since suicides in this group almost exclusively contained suicides by

firearms.

Month of suicide. Month of suicide refers to the month of the year when the suicide

occurred.

Time since immigration. Time since immigration refers to the time span between the

date of immigration to Norway (i.e., registered as a resident in the population registration sys-

tem) and the date of suicide death, and it was classified with yearly increments (up to 1 year,

1-up to 2 years, 2-up to 3 years, etc.). This variable applies only to first-generation immigrants,

who were further divided into seven geographically defined country groups of origin (Nordic

countries, Western Europe except Nordic countries, Eastern Europe, Asia including Turkey,

Africa, North America and Oceania, Central and South America).

Statistical analysis

Rates of suicide for various immigration groups by sex were calculated for the period 1992–

2012 using the population distribution by immigration background available on the Statistics

Norway website [22, 23]. Suicide rates were expressed as number per 100,000 population. Dif-

ferences in suicide mortality rates among various immigrant groups were tested using T-test

for independent 2-groups.

Absolute numbers and proportions of suicides by immigration background with respect to

sex, age groups, method of suicide, and month of suicide were tabulated. Chi-squared test or

Fisher’s exact test was conducted to assess differences in categorical variables between the stud-

ied groups. Chi-square goodness of fit test was used to verify whether the observed distribution
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of suicides in the studied groups was equal on the time axis (month of the year). Mann-Whit-

ney test was performed to assess differences in time since immigration among first-generation

immigrants by sex and by country group of origin. Data were analysed using R statistical soft-

ware (version 3.3.3) [24]. For all the statistical tests, a P value smaller than 5% was considered

to be statistically significant.

Ethical considerations

Access to data for the study was approved by the Regional Ethical Committee for Medical and

Health Research (REK sør-øst) and owners of the relevant individual registers. No informed

consent from the participants was obtained because this was a population-based study with

data from national registers.

Results

A total of 11,409 suicides were registered between 1992 and 2012 in Norway, of which 8,277

were males (72.5%) and 3,132 were females (27.5%). Their ages ranged from 8 to 100 years,

with a median age of 44 years (SD = 18.52); 43 years (SD = 18.71) for males and 46 years

(SD = 17.96) for females. Individuals with an immigration background comprised 10.0%

(N = 1,139) of all suicides; 5.0% (N = 566) were individuals born abroad to two foreign-born

parents (first-generation immigrants), 0.3% (N = 30) were born in Norway to two foreign-

born parents (second-generation immigrants), 3.2% (N = 366) were born in Norway with one

foreign-born parent, and 1.6% (N = 177) were born abroad with at least one Norwegian-born

parent.

Suicide mortality by immigration background

Considering both sexes, the suicide mortality rate (per 100,000 population) was 12.22 for

native Norwegians, 9.53 for first-generation immigrants, 2.56 for second-generation immi-

grants, 11.13 for Norwegian-born with one foreign-born parent, and 17.10 for foreign-born

with at least one Norwegian-born parent (Table 1).

The suicide rate of first-generation immigrants was significantly lower than that of native

Norwegians (9.53 vs 12.22, P< 0.01). This difference remained statistically significant only

among males (12.73 vs 18.03, P< 0.01) and not among females (6.29 vs 6.54, P = 0.56).

Second-generation immigrants showed very low suicide rates in both sexes (3.99 in males

and 1.05 in females), but these estimates should be interpreted with caution because second-

generation immigrants represent a relatively younger group of people in this society (see

Discussion).

Table 1. Suicide rate (per 100,000 population) by immigration background, 1992–2012.

Average annual suicide ratea (95% CI) M:F ratio
Immigration Background Both sexes Males Females

Native Norwegians 12.22 (11.8–12.6) 18.03 (17.3–18.8) 6.54 (6.3–6.8) 2.76

First-generation immigrants 9.53 (8.7–10.4) 12.73 (11.5–14.0) 6.29 (5.5–7.1) 2.02

Second-generation immigrants 2.56 (1.5–3.6) 3.99 (1.9–6.1) 1.05 (0.2–1.9) 3.80

Norwegian-born with one foreign-born parent 11.13 (9.7–12.6) 15.70 (13.6–17.8) 6.21 (4.7–7.7) 2.53

Foreign-born with at least one Norwegian-born parent 17.10 (14.6–19.6) 22.42 (18.9–25.9) 11.67 (8.3–15.0) 1.92

a Suicide rates were not age-standardized because the age distribution of all immigrant populations was not available.

https://doi.org/10.1371/journal.pone.0205035.t001
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No statistically significant differences were observed in suicide rates between Norwegian-

born with one foreign-born parent and native Norwegians (15.70 vs 18.03 in males, P = 0.06;

6.21 vs 6.54 in females, P = 0.67). Foreign-born persons with at least one Norwegian-born par-

ent had, however, significantly higher suicide rates than the natives, for both sexes (22.42 vs

18.03 in males, P< 0.01; 11.67 vs 6.54 in females, P< 0.01). The male to female ratio (M:F)

was somewhat lower among first-generation immigrants and foreign-born with at least one

Norwegian born-parent as compared to that of native Norwegians.

Characteristics of suicides by immigration background

The comparison between native Norwegians and the immigrant groups showed overall signifi-

cant differences in the distribution of suicides by sex, age and method of suicide (Table 2).

Table 2. Characteristics of suicide cases by immigration background with respect to sex, age, method of suicide, and month of suicide, 1992–2012.

Native

Norwegians

First-generation

immigrants

Second-generation

immigrants

Norwegian-born with one

foreign-born parent

Foreign-born with at least one

Norwegian-born parent

P-value

(N = 10,270) (N = 566) (N = 30) (N = 366) (N = 177)

N (%) N (%) N (%) N (%) N (%)
Sex

Males 7,492 (73.0) 381 (67.3) 23 (76.7) 268 (73.2) 113 (63.8) P < 0.01

Females 2,778 (27.0) 185 (32.7) 7 (23.3) 98 (26.8) 64 (36.2)

Age

<25 1,502 (14.6) 64 (11.3) 13 (43.3) 106 (29.0) 61 (34.5) P < 0.01

25–44 3,591 (35.0) 257 (45.4) 13 (43.3) 157 (42.9) 87 (49.2)

45–64 2,629 (25.6) 151 (26.7) 4 (13.3) 70 (19.1) 22 (12.4)

> = 65 2,548 (24.8) 94 (16.6) 0 (0.0) 33 (9.0) 7 (4.0)

Method of suicide

Hanging 3,632 (35.4) 249 (44.0) 13 (43.3) 142 (38.8) 80 (45.2) P < 0.01

Poisoning 2,380 (23.2) 128 (22.6) 3 (10.0) 97(26.5) 45 (25.4)

Firearms 2,129 (20.7) 38 (6.7) 5 (16.7) 57 (15.6) 12 (6.8)

Drowning 735 (7.2) 45 (8.0) 0 (0.0) 16 (4.4) 10 (5.6)

Jumping from a high

place

487 (4.7) 44 (7.8) 3 (10.0) 25 (6.8) 14 (7.9)

Cutting or piercing

instruments

254 (2.5) 14 (2.5) 2 (6.7) 4 (1.1) 4 (2.3)

Other or unknown

method

653 (6.4) 48 (8.5) 4 (13.3) 25 (6.8) 12 (6.8)

Month of suicide

January 871 (8.5) 41 (7.2) 1 (3.3) 25 (6.8) 17 (9.6) P = 0.09a

February 829 (8.1) 36 (6.4) 4 (13.3) 36 (9.8) 12 (6.8)

March 895 (8.7) 42 (7.4) 3 (10) 33 (9.0) 14 (7.9)

April 913 (8.9) 34 (6.0) 3 (10) 43 (11.7) 15 (8.5)

May 946 (9.2) 66 (11.7) 3 (10) 30 (8.2) 15 (8.5)

June 857 (8.3) 45 (8.0) 4 (13.3) 24 (6.6) 11 (6.2)

July 809 (7.9) 57 (10.1) 2 (6.7) 35 (9.6) 9 (5.1)

August 890 (8.7) 48 (8.5) 2 (6.7) 31 (8.5) 18 (10.2)

September 828 (8.1) 46 (8.1) 0 (0.0) 27 (7.4) 12 (6.8)

October 856 (8.3) 38 (6.7) 1 (3.3) 25 (6.8) 16 (9.0)

November 786 (7.7) 63 (11.1) 4 (13.3) 26 (7.1) 21 (11.9)

December 790 (7.7) 50 (8.8) 3 (10.0) 31 (8.5) 17 (9.6)

a Due to small numbers of suicides of second-generation immigrants by month, the test was made by comparing the natives with those with immigration background

combined.

https://doi.org/10.1371/journal.pone.0205035.t002
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More than 45% of suicide cases of first-generation immigrants were aged 25–44, while the pro-

portion of native Norwegians who died by suicide at this age was 35.0%. The same pattern was

found in the other immigrant groups where suicide cases aged 25–44 constituted more than

42% of all suicides. Clearly, the median age of suicide cases with an immigration background

was much lower than that of suicides of the natives; 42 years, 27 years, 32 years, 30 years and

45 years respectively for first-generation immigrants, second-generation immigrants, Norwe-

gian-born with one foreign-born parent, foreign-born with at least one Norwegian-born par-

ent, and native Norwegians.

Hanging was the most common suicide method during the observation period across all

population groups under study; this method accounted for 44.0% of all suicides of first-genera-

tion immigrants, for 45.2% of all suicides of foreign-born persons with at least one Norwe-

gian-born parent, and for 35.4% of all suicides of natives. Additional analysis of method-

specific suicide mortality showed hanging-specific suicide rates (per 100,000 population) of

4.06, 7.56 and 4.32 for first-generation immigrants, foreign-born persons with at least one

Norwegian-born parent, and natives, respectively. Suicide by firearms accounted for a much

smaller proportion of cases among first-generation immigrants (6.7%) and foreign-born per-

sons with at least one Norwegian-born parent (6.8%) than among native Norwegians (20.7%).

In males in particular, firearms accounted for 9.7%, 10.6% and 27.6% in first-generation immi-

grants, foreign-born persons with at least one Norwegian-born parent, and natives, corre-

sponding to a firearm-specific suicide rate of 1.24, 2.60 and 4.98 respectively.

Fig 1 displays the age distribution of method-specific suicides of the first-generation immi-

grants and the natives. Among male first-generation immigrants, younger individuals (24

years old or less) who died by firearms represented 4.1% of suicides in this age group; the cor-

responding percentage among male native Norwegians was around 28%. In both natives and

first-generation immigrants, females aged 45 years or more mostly died by poisoning, whereas

Fig 1. Distribution of suicide cases by specific methods in various age groups of native Norwegians and first-

generation immigrants, 1992–2012.

https://doi.org/10.1371/journal.pone.0205035.g001
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younger females (24 years old or less) more frequently used the method of hanging to take

their own life.

The overall distribution of suicides by month of the year exhibited a marginal statistical dif-

ference between natives and people with immigration background combined (P = 0.09), but

we observed different patterns of suicide occurrence by month comparing specifically natives

and first-generation immigrants (P< 0.01). As shown in Fig 2, suicides of native Norwegians

demonstrated a tendency of an increased occurrence in the spring (P< 0.01), with the highest

level seen in May (9.2% of all cases), whereas suicides of first-generation immigrants displayed

Fig 2. Monthly distribution of suicides of the natives and first-generation immigrants, 1992–2012 (%). Distribution of suicides of both

natives and first-generation immigrants demonstrate a significant difference from the hypothesized equal distribution (P< 0.01 and P = 0.01,

respectively).

https://doi.org/10.1371/journal.pone.0205035.g002
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two peaks in their incidence, in May and in November (11.7% and 11.1% of all cases, respec-

tively) (P = 0.01).

Time since immigration

Of the 566 first-generation immigrants who died by suicide during the period 1992–2012,

27.2% (N = 154) were from Nordic countries, 14.7% (N = 83) from Western Europe except

Nordic countries, 21.2% (N = 120) from Eastern Europe, 21.2% (N = 120) from Asia including

Turkey, 7.4% (N = 42) from Africa, 4.2% (N = 24) from North America and Oceania, and

4.1% (N = 23) from Central and South America. Fig 3 shows the cumulative percentage distri-

bution of suicides of first-generation immigrants by sex and country group of origin according

to time since immigration.

More than 25% of suicides of first-generation immigrants occurred within the first five

years after immigrating to Norway. Overall, suicides of male first-generation immigrants

tended to occur somewhat sooner than that of female first-generation immigrants after arriv-

ing in Norway (P< 0.01; median time to suicide since immigration: 10.85 years for males and

15.48 years for females). Moreover, differences in time since immigration were observed

among first-generation immigrants by country group of origin. Immigrants from Eastern

Europe, Asia and Africa died by suicide significantly earlier after immigration than immi-

grants from Western Europe (P< 0.01, P< 0.01 and P< 0.01, respectively). The median time

to suicide since immigration was 7.26 years for Eastern European immigrants, 10.51 years for

Asian immigrants, 11.79 years for African immigrants and 21.45 years for immigrants from

Western Europe. The observed differences in temporal occurrences of suicides of first-genera-

tion immigrants by sex and country group of origin according to time since immigration were

confined to young first-generation immigrants (aged 35 years or less) only.

Discussion

To the best of our knowledge, this is the first population register-based study to provide infor-

mation on characteristics of suicides (rates, suicide methods, suicide occurrence by month of

the year, and time since immigration) using a very detailed classification of persons’ immigra-

tion backgrounds.

Suicide rates

The finding that the suicide rate of first-generation immigrants was comparatively lower than

the suicide rate of native Norwegians is in line with what we previously found when studying

the relative risk of suicide by immigration background [18]. This may be partly explained by a

general improvement of life quality attained by most immigrants in Norway compared to what

they had in their country of origin, and the healthy migrant effect, suggesting that first-genera-

tion immigrants tend to represent a particularly healthy segment of the population in the

country of origin [25–28]. Moreover, since a substantial proportion of first-generation immi-

grants originates from non-Western countries such as Iraq, Syria, Pakistan, Iran and the Phil-

ippines [29] with relatively low suicide rates [30], this suggests that first-generation

immigrants tend to retain the suicide rate of their country of origin [11, 13]. Another possible

explanation is related to age composition; immigrants in Norway comprise a relatively youn-

ger population than that of the natives [31], and the suicide rate is generally low in populations

of young ages [32].

In line with the above notion, caution is needed when interpreting the low suicide mortality

of second-generation immigrants. They represent a relatively younger group of people in the

Norwegian society, mainly for two reasons. Firstly, many years ago there were quite few people
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Fig 3. Cumulative percentage distribution of suicides of first-generation immigrants by sex (a) and country group

of origin (b) according to time since immigrationa. aTime since immigration refers to the time span between the date

of immigration to Norway and the date of suicide death.

https://doi.org/10.1371/journal.pone.0205035.g003
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immigrating to Norway; the immigrant population started to increase from the end of 1960s

[33]. Second, the identification of second-generation immigrants may be incomplete. In Nor-

way, every live birth receives a personal identifier and is registered with links to their parents

at the time of birth. However, for many people born before 1960 links to their parents were

not established during the implementation of the Central Population Register [21], so some

second-generation immigrants in particular may not be classified as such. Similar selection

mechanisms were observed and described in Denmark [34, 35].

Contrary to the first-generation immigrants’ pattern, foreign-born persons with at least one

Norwegian-born parent showed a higher suicide rate than native Norwegians. Our data source

does not allow us to study more closely characteristics of this subgroup of immigrants. Cases

among this population segment might represent intercountry adoptees, which stand out as a

high-risk group for psychotic disorders [36] and suicide death [37, 38].

Suicide methods

This study showed that hanging was the most frequently used suicide method in both native

Norwegians and persons with an immigration background, with the highest usage of this

method for suicide among first-generation immigrants and foreign-born persons with at least

one Norwegian-born parent.

We have previously reported that suicide by hanging in Norway continuously increased

between 1969–2012 [39]–a similar trend was also seen in other countries such as Australia and

South Korea [40, 41]. Kõlves et al. [42] suggested that in Australia, hanging seems to have

become more socially acceptable, and a physically and cognitively available method, likely to

be linked to low impulse control and short-term suicidal crises. While we are unsure to what

extent this notion is applicable in the Norwegian society, the easy availability of hanging mate-

rials has no doubt made it a feasible choice by both natives and immigrants as a method to end

their own life, especially when other methods such as firearms have been made less accessible

in Norway. Additionally, pharmacological agents often used for suicide have gradually become

less toxic and/or have been prescribed in smaller quantities and are dispensed as blister packs

rather than bottles. Since the end of the 1980s, a stricter firearms legislation and mandatory

safe storage of firearms have been implemented in Norway, making firearms less readily avail-

able for suicidal individuals, particularly for young males [39, 43]. Still, firearms are likely

much more available in the homes of native Norwegians than in the households of first-gener-

ation immigrants. Private firearms ownership (around 30% of households [44]) in Norway is

nearly exclusively linked to strong hunting traditions in natives still widespread throughout

the country. The difference in the use of firearms between natives and first-generation immi-

grants is more notable in the younger age group (24 years or less) where firearms accounted

for almost 30% of all native Norwegian suicides and less than 5% of all first-generation immi-

grant suicides.

Suicide occurrence by month of the year

The analysis by the month of the year that suicides occurred showed a peak of suicides in May

among the majority population, as well as among first generation immigrants. This is in accor-

dance with a study from Norway on the general population [45]. Many other studies have also

shown a spring peak in the occurrence of suicides [46–49], and several explanations to this sea-

sonality have been proposed. The leading theory is the bioclimatic explanation: increased sun-

shine, long photoperiod, tree pollen, and the influence of other meteorological variables, such

as outdoor air temperature, may induce adverse changes in hormones such as melatonin, cor-

tisol, serotonin, and L tryptophan, which play key roles in emotion regulation. Although the
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exact mechanism is unknown, it is believed that these disturbances may induce dysfunctional

emotion regulation which increases the risk of mental ill-health and suicide [50]. Another pos-

sible explanation to the suicide peak in spring could be find in the “broken promise” hypothe-

sis, which suggests that suicide is triggered in vulnerable persons when their expectations of

better times following winter are unfulfilled [51, 52].

Interestingly, among first-generation immigrants we found a peak in the distribution of sui-

cide also in November. One possible explanation could be that November is the month when

the dark and cold weather begins, with low temperatures and less sunlight. In two neighbour-

ing Nordic countries, Finland and Sweden, the monthly suicide peak in the autumn occurred

in October and the authors suggested that this suicide peak fully coincided with the biggest

annual drop in the seasonal temperature [53]. Immigrants coming from totally different envi-

ronments may struggle with these hard climate changes and may be negatively affected both

physiologically and psychosocially. Immigrants with poor social networks may feel even more

socially isolated during such a season while the native Norwegians are likely to spend their

time indoors with family and close friends.

Suicide by time since immigration

This study indicates that over one-fourth of first-generation immigrant suicides occurred dur-

ing the first five years since immigration, and the proportion was much higher for those from

East Europe and Asia, suggesting that the first few years are a crucial time for settlement for

these immigrants. Several explanations for this are possible. Recently arrived immigrants usu-

ally have fewer social support systems available and less knowledge about available health ser-

vices for use in times of crisis, and language and cultural barriers may prevent them from

effectively seeking help. A review of immigrant mental health research in Norway [54] con-

cluded that immigrants from low-income countries have a higher burden and greater risk for

mental health problems than native Norwegians, and that this risk is primarily associated with

negative life events both at pre- and post-immigration periods and lack of social support [55–

58]. These are all factors that could reduce immigrant resilience and increase the risk of

suicide.

Interestingly, our analysis demonstrated that male first-generation immigrants, in particu-

lar those aged 35 years or less when they arrived in Norway, tended to die by suicide after

fewer years of residence than female first-generation immigrants. Data from Statistics Norway

indicate that male first-generation immigrants move to Norway mostly to seek employment,

whereas female first-generation immigrants often come to this country for the purpose of fam-

ily reunification [59]. People who arrive for family reunification purposes might have better

access to social support since their family may already be well established in the country [60].

Therefore, females might have a relatively smoother settlement in the country compared to

their male counterparts.

Moreover, we found that first-generation immigrants from Eastern Europe, Asia and

Africa, aged 35 years or less when moving to Norway, tended to die by suicide years earlier

than immigrants from Western Europe. Research from Norway [61] showed that non-West-

ern immigrants had higher levels of psychosocial distress than immigrants from Western

countries, and more specifically, in men from non-Western countries, the level of psychosocial

distress was highest among those who had arrived in Norway most recently. Immigrants com-

ing from countries culturally distant from Norway (non-Western countries) were less inte-

grated than those from countries culturally closer to Norway; and this integration difference is

likely to be more evident in the short period after immigration [61]. Lack of paid employment

and the awareness that they failed expectations about being occupationally and financially
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successful may elevate the risk of suicidal behaviour [9]. Higher unemployment rates among

immigrants from Eastern Europe, Asia and Africa compared with immigrants from Western

Europe have been reported by Statistics Norway [62].

Limitations and strengths

Some limitations should be considered when interpreting the findings of this study. First, vari-

ables included in the study largely depend on the availability of the data in the source data-

bases. For instance, we were unable to consider reason for immigration (e.g., work, family,

refuge, education), mental illness and history of suicide attempts, variables which were not

included in our data source for this study and which could provide further insights in suicide

characteristics. Secondly, the Central Population Register often does not have records of links

to parents for people born before 1960 [21], and this selection mechanism may affect in partic-

ular the classification of second-generation immigrants. Moreover, the study was descriptive

in its design, and the delineation of the complex relationships among risk factors was beyond

the scope of this study.

Among the strengths of this study is the use of national longitudinal registers where data

were collected systematically and uniformly, covering all suicides in the whole country over a

delineated time period. The quality of data within Norwegian registers has been found to be

high [63, 64] due to sound supports from administrative systems where errors are corrected

on a continuous and retrospective basis [65]. In particular the degree of coverage and com-

pleteness of data in the Cause-of-Death Register is very high; and the diagnoses on the death

certificate (reported by doctors) are examined and controlled ensuring they are plausible for a

person of the specified age or sex [66]. The use of register-based data also eliminates types of

bias such as the recall bias often associated with obtaining data via interviews. In addition, the

large number of suicides included in this study yielded good statistical power for estimating

differences between natives and various immigrant populations.

Implications

Detailed information regarding characteristics of suicides in segments of populations in con-

tinuing increase is of fundament importance when planning health policies and prevention

measures. Hanging was the most common suicide method in all the populations regardless of

immigration background, emerging as an important public health concern and a big challenge

for suicide prevention. Prevention of suicide by hanging is very complex given the easy avail-

ability of hanging materials; therefore prevention should rely on strategies for more effective

identification of at-risk individuals and early intervention. Moreover it is important to avoid

media coverage on suicide by hanging since this could lead to increased use of this method.

Scientific investigations on the impact of media on suicide concluded that media reporting of

suicide can lead to imitative suicidal behaviours [67].

Furthermore, the results from this study underscore the importance of considering immi-

grants as a very heterogeneous group, as differences in characteristics of suicide by immigra-

tion background were observed. We observed that first-generation immigrants from non-

Western countries tend to die by suicide after fewer years of residence than immigrants from

Western countries. This may be indicative of more difficulties in the acculturation processes

for immigrants coming from countries culturally distant from Norway (non-Western coun-

tries). Lack of social support, poor integration and lack of job opportunities may increase the

psychosocial distress in these immigrants, especially in those recently arrived [9, 61]. Thus, sui-

cide prevention among immigrants should rely on measures to improve their social integra-

tion, social support and to overcome barriers and difficulties, such as language difficulties and
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lack of knowledge about available mental health services, which especially most recent immi-

grants may face when moving to this country [5, 9, 10]. In particular self-management e-

resources can play a potentially important role in helping to ensure people get the care and

support they need and to reach wide and diverse populations via online resources, social

media, and smartphone applications [68]. Immigrants in Norway are less likely than the

natives to use services for mental health problems [69], possibly due to different cultural

understandings of mental health and the fear of stigma associated with having mental illness.

Therefore, offering an alternative to maintain anonymity, e-mental health services may

improve the health care accessibility for individuals with immigration backgrounds. Further-

more, anti-stigma initiatives and public information campaigns might have important role in

reducing stigma and facilitating contact between immigrants and mental health services [70];

and the school sector may represent an important arena for the implementation of these strate-

gies [71]. Formalized education and training of mental health practitioners in the assessment

and treatment of transcultural issues, with the importance of the clinician’ understanding of

the patients’ culture of origin, may play a key role in the treatment of immigrants [72].
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foreign-born minorities and Native Swedes: an epidemiological follow-up study of a defined population.

Soc Sci Med. 1997; 44(2):181–7. PMID: 9015871

17. SSB. Immigrants and Norwegian-born to immigrant parents: Statistics Norway; 2017 [29.05.2017].

Available from: http://www.ssb.no/en/befolkning/statistikker/innvbef.

18. Puzo Q, Mehlum L, Qin P. Suicide among immigrant population in Norway: a national register-based

study. Acta Psychiatr Scand. 2017; 135(6):584–92. https://doi.org/10.1111/acps.12732 PMID:

28387419

19. Puzo Q, Mehlum L, Qin P. Socio-economic status and risk for suicide by immigration background in

Norway: A register-based national study. Journal of Psychiatric Research. 2018.

20. SSB. Immigration category 2008 Statistics Norway; 2011 [19.01.2016]. Available from: http://stabas.

ssb.no/ItemsFrames.asp?ID=5536158&Language=en.

21. Nystadnes T. Identifikatorer for personer. Helsedirektoratet, 2010 Contract No.: KITH standard

1001:2010.

22. SSB. Table 05182: Persons, by immigration category and sex (C): Statistics Norway; 2017

[15.08.2017]. Available from: https://www.ssb.no/statistikkbanken/selecttable/hovedtabellHjem.asp?

KortNavnWeb=innvbef&CMSSubjectArea=befolkning&PLanguage=1&checked=true.

23. SSB. Table 05196: Population, by sex, age and citizenship 1977–2017: statistics Norway; 2017

[15.01.2018]. Available from: http://www.ssb.no/en/statbank/table/05196/?rxid=e2c2b9cc-7399-4f17-

b581-a22aaf9450d3.

24. RCoreTeam. R: A language and environment for statistical computing: R Foundation for Statistical

Computing, Vienna, Austria; 2017. Available from: https://www.R-project.org/.

25. SSB. Living conditions among immigrants: Statistics Norway; 2008 [13.01.2017]. Available from:

https://www.ssb.no/en/sosiale-forhold-og-kriminalitet/statistikker/innvlev/hvert-10-aar.

26. SSB. Employment among immigrants: Statistics Norway; 2016 [13.01.2017]. Available from: https://

www.ssb.no/en/innvregsys.

27. Kennedy S, McDonald JT, Biddle N. The healthy immigrant effect and immigrant selection: evidence

from four countries. Citeseer; 2006.

28. Marmot MG, Adelstein AM, Bulusu L. Lessons from the study of immigrant mortality. Lancet. 1984; 323

(8392):1455–7.

29. Sandnes T. Innvandrere i Norge 2017: Statistics Norway; 2017 [05.03.2018]. Available from: https://

www.ssb.no/en/befolkning/artikler-og-publikasjoner/_attachment/332154?_ts=1604a8c12b0.

30. WHO. Suicide rates (per 100 000 population) 2014 [15.02.2017]. Available from: http://www.who.int/

gho/mental_health/suicide_rates/en/.

31. Henriksen K,Østby L, Ellingsen D. Immigration and immigrants 2010: Statistics Norway; 2011

[21.03.2017]. Available from: https://www.ssb.no/en/befolkning/artikler-og-publikasjoner/immigration-

and-immigrants-2010.

32. Reneflot A, Zahl PH. Suicide and suicide attempts in Norway: Folkehelseinstituttet; 2018 [15.05.2018].

Available from: http://www.fhi.no/artikler/?id=110540.

Suicide among immigrant populations

PLOS ONE | https://doi.org/10.1371/journal.pone.0205035 September 28, 2018 14 / 16

http://www.ncbi.nlm.nih.gov/pubmed/10972429
https://doi.org/10.1080/13811110701801044
https://doi.org/10.1080/13811110701801044
http://www.ncbi.nlm.nih.gov/pubmed/18240038
http://www.ncbi.nlm.nih.gov/pubmed/12284844
https://doi.org/10.1007/s00127-012-0499-4
https://doi.org/10.1007/s00127-012-0499-4
http://www.ncbi.nlm.nih.gov/pubmed/22476116
http://www.ncbi.nlm.nih.gov/pubmed/3341364
http://www.ncbi.nlm.nih.gov/pubmed/9130869
http://www.ncbi.nlm.nih.gov/pubmed/9015871
http://www.ssb.no/en/befolkning/statistikker/innvbef
https://doi.org/10.1111/acps.12732
http://www.ncbi.nlm.nih.gov/pubmed/28387419
http://stabas.ssb.no/ItemsFrames.asp?ID=5536158&Language=en
http://stabas.ssb.no/ItemsFrames.asp?ID=5536158&Language=en
https://www.ssb.no/statistikkbanken/selecttable/hovedtabellHjem.asp?KortNavnWeb=innvbef&CMSSubjectArea=befolkning&PLanguage=1&checked=true
https://www.ssb.no/statistikkbanken/selecttable/hovedtabellHjem.asp?KortNavnWeb=innvbef&CMSSubjectArea=befolkning&PLanguage=1&checked=true
http://www.ssb.no/en/statbank/table/05196/?rxid=e2c2b9cc-7399-4f17-b581-a22aaf9450d3
http://www.ssb.no/en/statbank/table/05196/?rxid=e2c2b9cc-7399-4f17-b581-a22aaf9450d3
https://www.R-project.org/
https://www.ssb.no/en/sosiale-forhold-og-kriminalitet/statistikker/innvlev/hvert-10-aar
https://www.ssb.no/en/innvregsys
https://www.ssb.no/en/innvregsys
https://www.ssb.no/en/befolkning/artikler-og-publikasjoner/_attachment/332154?_ts=1604a8c12b0
https://www.ssb.no/en/befolkning/artikler-og-publikasjoner/_attachment/332154?_ts=1604a8c12b0
http://www.who.int/gho/mental_health/suicide_rates/en/
http://www.who.int/gho/mental_health/suicide_rates/en/
https://www.ssb.no/en/befolkning/artikler-og-publikasjoner/immigration-and-immigrants-2010
https://www.ssb.no/en/befolkning/artikler-og-publikasjoner/immigration-and-immigrants-2010
http://www.fhi.no/artikler/?id=110540
https://doi.org/10.1371/journal.pone.0205035


33. Østby L. Norway’s population groups of developing countries’ origin. Change and integration. 2013.

34. Pedersen CB, Gøtzsche H, Møller JØ, Mortensen PB. The Danish civil registration system. Dan Med

Bull. 2006; 53(4):441–9. PMID: 17150149

35. Qin P, Mortensen PB. The impact of parental status on the risk of completed suicide. Archives of gen-

eral psychiatry. 2003; 60(8):797–802. https://doi.org/10.1001/archpsyc.60.8.797 PMID: 12912763

36. Patel K, Kouvonen A, Close C, Väänänen A, O’Reilly D, Donnelly M. What do register-based studies tell

us about migrant mental health? A scoping review. Systematic reviews. 2017; 6(1):78. https://doi.org/

10.1186/s13643-017-0463-1 PMID: 28399907

37. Hjern A, Allebeck P. Suicide in first-and second-generation immigrants in Sweden A comparative study.

Soc Psychiatry Psychiatr Epidemiol. 2002; 37(9):423–9. https://doi.org/10.1007/s00127-002-0564-5

PMID: 12242618

38. Hjern A, Lindblad F, Vinnerljung B. Suicide, psychiatric illness, and social maladjustment in intercountry

adoptees in Sweden: a cohort study. Lancet. 2002; 360(9331):443–8. https://doi.org/10.1016/S0140-

6736(02)09674-5 PMID: 12241716

39. Puzo Q, Qin P, Mehlum L. Long-term trends of suicide by choice of method in Norway: a joinpoint

regression analysis of data from 1969 to 2012. BMC Public Health. 2016; 16(1):1.

40. De Leo D, Dwyer J, Firman D, Neulinger K. Trends in hanging and firearm suicide rates in Australia:

substitution of method? Suicide and Life-Threatening Behavior. 2003; 33(2):151–64. PMID: 12882416

41. Park S, Ahn MH, Lee A, Hong JP. Associations between changes in the pattern of suicide methods and

rates in Korea, the US, and Finland. International journal of mental health systems. 2014; 8(1):22.

42. Kõlves K, McDonough M, Crompton D, De Leo D. Choice of a suicide method: Trends and characteris-

tics. Psychiatry research. 2018; 260:67–74. https://doi.org/10.1016/j.psychres.2017.11.035 PMID:

29175501

43. Gjertsen F, Leenaars A, Vollrath ME. Mixed impact of firearms restrictions on fatal firearm injuries in

males: a national observational study. Int J Environ Res Public Health. 2013; 11(1):487–506. https://doi.

org/10.3390/ijerph110100487 PMID: 24380979

44. Alpers P, Marcus W. Norway—Gun Facts, Figures and the Law.: Sydney School of Public Health, The

University of Sydney. GunPolicy.org; 2018 [25.04.2018]. Available from: http://www.gunpolicy.org/

firearms/region/norway.

45. Bramness JG, Walby FA, Morken G, Røislien J. Analyzing seasonal variations in suicide with Fourier

Poisson time-series regression: a registry-based study from Norway, 1969–2007. American journal of

epidemiology. 2015; 182(3):244–54. https://doi.org/10.1093/aje/kwv064 PMID: 26081677

46. Sumarokov YA, Brenn T, Kudryavtsev AV, Nilssen O. Variations in suicide method and in suicide occur-

rence by season and day of the week in Russia and the Nenets Autonomous Okrug, Northwestern Rus-

sia: a retrospective population-based mortality study. BMC psychiatry. 2015; 15(1):224.

47. Postolache TT, Mortensen PB, Tonelli LH, Jiao X, Frangakis C, Soriano JJ, et al. Seasonal spring

peaks of suicide in victims with and without prior history of hospitalization for mood disorders. Journal of

affective disorders. 2010; 121(1):88–93.

48. Christodoulou C, Efstathiou V, Bouras G, Korkoliakou P, Lykouras L. Seasonal variation of suicide. A

brief review. Encephalos. 2012; 49:73–9.

49. Hakko H, Räsänen P, Tiihonen J. Seasonal variation in suicide occurrence in Finland. Acta Psychiatrica

Scandinavica. 1998; 98(2):92–7. PMID: 9718233

50. Petridou E, Papadopoulos FC, Frangakis CE, Skalkidou A, Trichopoulos D. A role of sunshine in the

triggering of suicide. Epidemiology. 2002; 13(1):106–9. PMID: 11805594

51. Hanigan IC, Butler CD, Kokic PN, Hutchinson MF. Suicide and drought in new South Wales, Australia,

1970–2007. Proceedings of the National Academy of Sciences. 2012; 109(35):13950–5.

52. Gabennesch H. When promises fail: a theory of temporal fluctuations in suicide. Social Forces. 1988;

67(1):129–45.

53. Holopainen J, Helama S, Björkenstam C, Partonen T. Variation and seasonal patterns of suicide mortal-

ity in Finland and Sweden since the 1750s. Environmental health and preventive medicine. 2013; 18

(6):494. https://doi.org/10.1007/s12199-013-0348-4 PMID: 23835646

54. Abebe DS, Lien L, Hjelde KH. What we know and don’t know about mental health problems among

immigrants in Norway. Journal of Immigrant and Minority Health. 2014; 16(1):60–7. https://doi.org/10.

1007/s10903-012-9745-9 PMID: 23117694

55. Dalgard OS, Thapa SB, Hauff E, McCubbin M, Syed HR. Immigration, lack of control and psychological

distress: findings from the Oslo Health Study. Scandinavian journal of psychology. 2006; 47(6):551–8.

https://doi.org/10.1111/j.1467-9450.2006.00546.x PMID: 17107504

Suicide among immigrant populations

PLOS ONE | https://doi.org/10.1371/journal.pone.0205035 September 28, 2018 15 / 16

http://www.ncbi.nlm.nih.gov/pubmed/17150149
https://doi.org/10.1001/archpsyc.60.8.797
http://www.ncbi.nlm.nih.gov/pubmed/12912763
https://doi.org/10.1186/s13643-017-0463-1
https://doi.org/10.1186/s13643-017-0463-1
http://www.ncbi.nlm.nih.gov/pubmed/28399907
https://doi.org/10.1007/s00127-002-0564-5
http://www.ncbi.nlm.nih.gov/pubmed/12242618
https://doi.org/10.1016/S0140-6736(02)09674-5
https://doi.org/10.1016/S0140-6736(02)09674-5
http://www.ncbi.nlm.nih.gov/pubmed/12241716
http://www.ncbi.nlm.nih.gov/pubmed/12882416
https://doi.org/10.1016/j.psychres.2017.11.035
http://www.ncbi.nlm.nih.gov/pubmed/29175501
https://doi.org/10.3390/ijerph110100487
https://doi.org/10.3390/ijerph110100487
http://www.ncbi.nlm.nih.gov/pubmed/24380979
http://GunPolicy.org
http://www.gunpolicy.org/firearms/region/norway
http://www.gunpolicy.org/firearms/region/norway
https://doi.org/10.1093/aje/kwv064
http://www.ncbi.nlm.nih.gov/pubmed/26081677
http://www.ncbi.nlm.nih.gov/pubmed/9718233
http://www.ncbi.nlm.nih.gov/pubmed/11805594
https://doi.org/10.1007/s12199-013-0348-4
http://www.ncbi.nlm.nih.gov/pubmed/23835646
https://doi.org/10.1007/s10903-012-9745-9
https://doi.org/10.1007/s10903-012-9745-9
http://www.ncbi.nlm.nih.gov/pubmed/23117694
https://doi.org/10.1111/j.1467-9450.2006.00546.x
http://www.ncbi.nlm.nih.gov/pubmed/17107504
https://doi.org/10.1371/journal.pone.0205035


56. Syed HR, Dalgard OS, Dalen I, Claussen B, Hussain A, Selmer R, et al. Psychosocial factors and dis-

tress: a comparison between ethnic Norwegians and ethnic Pakistanis in Oslo, Norway. BMC public

health. 2006; 6(1):182.

57. Thapa SB, Hauff E. Gender differences in factors associated with psychological distress among immi-

grants from low-and middle-income countries. Social psychiatry and psychiatric epidemiology. 2005; 40

(1):78–84. https://doi.org/10.1007/s00127-005-0855-8 PMID: 15624079

58. Thapa SB, Dalgard OS, Claussen B, Sandvik L, Hauff E. Psychological distress among immigrants

from high-and low-income countries: findings from the Oslo Health Study. Nordic journal of psychiatry.

2007; 61(6):459–65. https://doi.org/10.1080/08039480701773261 PMID: 18236313

59. SSB. Immigrants by reason for immigration: Statistics Norway; 2016 [30.05.2016]. Available from:

https://www.ssb.no/en/befolkning/statistikker/innvgrunn.

60. Norredam M, Garcia-Lopez A, Keiding N, Krasnik A. Risk of mental disorders in family reunification

migrants and native Danes: a register-based historically prospective cohort study. International journal

of public health. 2010; 55(5):413. https://doi.org/10.1007/s00038-010-0162-3 PMID: 20589410

61. Dalgard OS, Thapa SB. Immigration, social integration and mental health in Norway, with focus on gen-

der differences. Clinical Practice and Epidemiology in Mental Health. 2007; 3(1):24.

62. SSB. Registered unemployed among immigrants: Statistics Norway; 2018 [08.03.2018]. Available

from: https://www.ssb.no/en/innvarbl.

63. Pedersen AG, Ellingsen CL. Data quality in the Causes of Death Registry. Tidsskr Nor Laegeforen.

2015; ( 8). https://doi.org/10.4045/tidsskr.14.1065

64. Tøllefsen IM, Helweg-Larsen K, Thiblin I, Hem E, Kastrup MC, Nyberg U, et al. Are suicide deaths

under-reported? Nationwide re-evaluations of 1800 deaths in Scandinavia. BMJ open. 2015; 5(11):

e009120. https://doi.org/10.1136/bmjopen-2015-009120 PMID: 26608638

65. Erlangsen A, Qin P, Mittendorfer-Rutz E. Studies of suicidal behavior using national registers. Hogrefe

Publishing; 2018.

66. NIPH. Cause of Death Statistics: Norwegian Institute of Public Health; 2016 [17.08.2018]. Available

from: https://www.fhi.no/en/hn/health-registries/cause-of-death-registry/cause-of-death-registry-/.

67. Stack S. Media impacts on suicide: A quantitative review of 293 findings. Social science quarterly.

2000:957–71.

68. Karasouli E, Adams A. Assessing the evidence for e-resources for mental health self-management: a

systematic literature review. JMIR mental health. 2014; 1(1).

69. Straiton M, Reneflot A, Diaz E. Immigrants’ use of primary health care services for mental health prob-

lems. BMC Health Serv Res. 2014; 14(1):1.

70. Ashwood JS, Briscombe B, Collins RL, Wong EC, Eberhart NK, Cerully J, et al. Investment in Social

Marketing Campaign to Reduce Stigma and Discrimination Associated with Mental Illness Yields Posi-

tive Economic Benefits to California. Rand health quarterly. 2017; 6(2).

71. Yamaguchi S, Wu S-I, Biswas M, Yate M, Aoki Y, Barley EA, et al. Effects of short-term interventions to

reduce mental health–related stigma in university or college students: a systematic review. The Journal

of nervous and mental disease. 2013; 201(6):490–503. https://doi.org/10.1097/NMD.

0b013e31829480df PMID: 23719324

72. Ekblad S, Kastrup MC. Current research in transcultural psychiatry in the Nordic countries. Transcul-

tural psychiatry. 2013; 50(6):841–57. https://doi.org/10.1177/1363461513511181 PMID: 24301661

Suicide among immigrant populations

PLOS ONE | https://doi.org/10.1371/journal.pone.0205035 September 28, 2018 16 / 16

https://doi.org/10.1007/s00127-005-0855-8
http://www.ncbi.nlm.nih.gov/pubmed/15624079
https://doi.org/10.1080/08039480701773261
http://www.ncbi.nlm.nih.gov/pubmed/18236313
https://www.ssb.no/en/befolkning/statistikker/innvgrunn
https://doi.org/10.1007/s00038-010-0162-3
http://www.ncbi.nlm.nih.gov/pubmed/20589410
https://www.ssb.no/en/innvarbl
https://doi.org/10.4045/tidsskr.14.1065
https://doi.org/10.1136/bmjopen-2015-009120
http://www.ncbi.nlm.nih.gov/pubmed/26608638
https://www.fhi.no/en/hn/health-registries/cause-of-death-registry/cause-of-death-registry-/
https://doi.org/10.1097/NMD.0b013e31829480df
https://doi.org/10.1097/NMD.0b013e31829480df
http://www.ncbi.nlm.nih.gov/pubmed/23719324
https://doi.org/10.1177/1363461513511181
http://www.ncbi.nlm.nih.gov/pubmed/24301661
https://doi.org/10.1371/journal.pone.0205035

