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Abstract

The high prevalence of intimate partner violence against women (IPVAW) in countries with

high levels of gender equality has been defined as the “Nordic paradox”. In this study we

compared physical and sexual IPVAW prevalence data in two countries exemplifying the

Nordic paradox: Sweden (N = 1483) and Spain (N = 1447). Data was drawn from the Euro-

pean Union Agency for Fundamental Rights Survey on violence against women. To ascer-

tain whether differences between these two countries reflect true differences in IPVAW

prevalence, and to rule out the possibility of measurement bias, we conducted a set of analy-

ses to ensure measurement equivalence, a precondition for appropriate and valid cross-cul-

tural comparisons. Results showed that in both countries items were measuring two

separate constructs, physical and sexual IPVAW, and that these factors had high internal

consistency and adequate validity. Measurement equivalence analyses (i.e., differential

item functioning, and multigroup confirmatory factor analysis) supported the comparability

of data across countries. Latent means comparisons between the Spanish and the Swedish

samples showed that scores on both the physical and sexual IPVAW factors were signifi-

cantly higher in Sweden than in Spain. The effect sizes of these differences were large:

89.1% of the Swedish sample had higher values in the physical IPVAW factor than the

Spanish average, and this percentage was 99.4% for the sexual IPVAW factor as compared

to the Spanish average. In terms of probability of superiority, there was an 80.7% and 96.1%

probability that a Swedish woman would score higher than a Spanish woman in the physical

and the sexual IPVAW factors, respectively. Our results showed that the higher prevalence

of physical and sexual IPVAW in Sweden than in Spain reflects actual differences and are

not the result of measurement bias, supporting the idea of the Nordic paradox.

Introduction

Intimate partner violence against women (IPVAW) remains a pervasive social and public

health problem in western societies [1–8]. Increasing gender equality is at the core of the
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prevention efforts of this type of violence, as gender inequality is considered a main factor

explaining IPVAW. Accordingly, rates of IPVAW are expected to drop as country-level gender

equality increases [9–12] (see [13] for a review). However, in western countries, high country

levels of gender equality are not always linked with low prevalence of IPVAW.

The high prevalence of IPVAW in countries with high levels of gender equality was defined

by Gracia and Merlo as the “Nordic paradox” [14]. Nordic countries are, according to different

international indicators (e.g., Global Inequality Index; Global Gender Gap Index; European

Index of Gender Equality), the most gender equal countries in the world [15–17]. However,

despite these high levels of gender equality, Nordic countries have high prevalence rates of

IPVAW. The high prevalence of IPVAW in Nordic countries is illustrated by a European

Union (EU) survey on violence against women conducted by the European Union Agency for

Fundamental Rights (FRA) [18]. In this survey the average lifetime prevalence of physical and/

or sexual violence by intimate partners in the 28 EU member states was 23%, with a range

between 13% and 32%. However, Nordic countries in the EU were among the countries with

higher lifetime prevalence of IPVAW, with rates of 32% (Denmark, the highest IPV prevalence

in the EU), 30% (Finland), and 28% (Sweden). The high prevalence of IPVAW in Nordic

countries is also supported by other studies and national surveys [19–25]. However, despite

survey and research data pointing to a disproportionally high level of IPVAW in countries

with the highest levels of gender equality like the Nordic ones, interestingly, this puzzling

research question is rarely asked and, so far, remains unanswered.

The reasons explaining these high levels of IPVAW prevalence in Nordic countries, despite

their high levels of gender equality, are not yet understood as almost no research has addressed

specifically this paradox [22]. Gracia and Merlo [14], proposed a number of theoretical and

methodological lines of inquiry towards understanding the Nordic paradox. However, as these

authors noted [14], a first step to ascertain whether the Nordic paradox reflects true differences

in IPVAW prevalence is to rule out the possibility that measurement bias is causing prevalence

differences between Nordic and other countries. To eliminate this possibility, a key question is

to ensure the comparability of IPVAW prevalence data across countries. In other words, com-

parisons of IPVAW data across countries should not be made without first ensuring measure-

ment invariance.

IPVAW can be a culturally sensitive issue, and the way this type of violence is perceived or

reported may vary across countries. Therefore, ensuring cross-cultural measurement invari-

ance is critically important for appropriate and valid cross-cultural comparisons of self-

reported IPVAW scores between respondents from different countries [26–32]. As Jang et al.

noted [29], different perceptions of items or different interpretations of response scales can

lead to measurement non-invariance (i.e., non-equivalence of measures). If this is the case, it

cannot be assumed that the construct of interest, in our case IPVAW, is interpreted in the

same way across countries because the same score in one country may have a different mean-

ing or reflect different levels of IPVAW in another. Without ensuring measurement invari-

ance, score comparisons across samples from different countries can be unreliable and

inadequate, and the validity of comparing women’s IPVAW experiences across countries

becomes questionable [28,29,32,33].

Present study

Sweden and Spain are two countries exemplifying the Nordic paradox. According to several

international gender equality indices, Sweden is ranked third in the Global Inequality Index

[17], fifth in the Global Gender Gap Index [16], and first in the EU in the European Index of

Gender Equality [15]. According to the same sources, Spain is ranked 13th (Global Inequality
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Index) or 24th (Global Gender Gap Index) in the world, and 11th in the EU (European Index

of Gender Equality). However, despite the higher gender equality in Sweden, Spain has a sub-

stantially lower prevalence of IPVAW.

The FRA survey provides a composite indicator of the prevalence of physical and/or sexual

violence by any partners (current and/or previous) since the age of 15. According to this indi-

cator, the lifetime prevalence of physical and/or sexual violence among women perpetrated by

any partner is 28% in Sweden and 13% in Spain ([18], p. 28). That is, the lifetime prevalence of

physical and/or sexual IPVAW is 15 percentage points higher in Sweden than in Spain, while,

according to the European Index of Gender Equality, gender equality in Sweden is 14 points

higher than in Spain (the updated Gender Equality Index data for the year when the survey

was conducted was 64 in Spain and 78 in Sweden, and is currently 68 in Spain and 82 in Swe-

den)[15].

One of the advantages of the FRA survey is that respondents from the 28 EU member states

answer the same set of questions addressing different types of IPVAW. Another advantage of

this survey is that it includes questions regarding IPVAW that are acts-based or behavioral ori-

ented (e.g., being stabbed, cut, slapped, or being forced into sexual intercourse). This type of

questions addressing IPVAW have a clear advantage over simply asking women whether their

partners or ex-partners have ever been violent towards them, which is a more subjective

approach and can lead to underreporting [4,34,35]. However, as the psychometric properties

of the set of questions addressing physical and sexual IPVAW used in the FRA survey are

unknown, and the measurement equivalence across countries (i.e., cross-cultural invariance)

of these questions has never been tested, it is not possible to ascertain whether the differences

between Sweden and Spain in lifetime prevalence of physical and sexual IPVAW reflect real

differences or are the result of measurement bias.

A precondition to compare prevalence data on physical and sexual IPVAW across coun-

tries, in our case Sweden and Spain, is the availability of an equivalent measurement model. In

this study, we aim to analyze whether the set of questions assessing physical and sexual

IPVAW used in the FRA survey are reliable, valid and comparable measures of these types of

violence across Sweden and Spain. If the measures of physical and sexual IPVAW are compa-

rable and confirm higher levels of physical and sexual violence in Sweden than in Spain, these

results would support the idea that the Nordic paradox (at least with respect to Sweden and

Spain) reflects real prevalence differences.

Method

Participants

In this study we used data from the European Union Agency for Fundamental Rights on vio-

lence against women. This data is deposited in the UK Data Service, and the study has been

approved by European Union Agency for Fundamental Rights, who granted a Special License

for secondary data analysis (Reference No. 102577) to Enrique Gracia as Principal investigator

of the project and first and corresponding author of this paper.

For this study, we used the Spanish (N = 1447) and Swedish (N = 1483) samples from the

survey conducted by the European Union Agency for Fundamental Rights on violence against

women [18]. Respondents to this survey were ever-partnered women, aged 18 to 74. The sam-

pling followed a two-stage clustered stratified design with the same probability of selection of

households within clusters. The responses were collected in-person in both countries, although

in Sweden the first contact was made telephonically. Further details on sample collection and

procedures can be found in FRA [36]. Socio-demographical variables of both samples are

described on Table 1.
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Measures

Physical violence. The FRA survey included 10 items addressing physical IPV perpetrated

by the current or any previous partner (e.g., “Your current/previous partner has slapped

you?”, “Your current/previous partner has grabbed you or pulled your hair?”). Participants

have to answer in a 4-point Likert-type scale indicating how often have they experienced this

type of violence (1: “Never”, 2: “Once”, 3: “2–5 times”, 4: “6 or more times”). In this study

respondents were considered victims of intimate partner physical violence when reported one

of the episodes described by the items at least one time, whereas severe violence was consid-

ered in those cases where respondents have experienced the episodes more than one time.

Sexual violence. FRA survey addresses intimate partner sexual violence with 4 items

describing episodes of sexual violence perpetrated by the current or any previous partner (e.g.,

“Your current/previous partner has forced you into sexual intercourse by holding you down

Table 1. Socio-demographical variables (unweighted).

Total (%) Spain (%) Sweden (%)

Age

18–24 127 (4.3) 77 (5.3) 50 (3.4)

25–29 164 (5.6) 102 (7.0) 62 (4.2)

30–34 218 (7.4) 122 (8.4) 96 (6.5)

35–39 270 (9.2) 163 (11.2) 107 (7.2)

40–49 662 (22.6) 335 (23.2) 327 (22.0)

50–59 624 (21.3) 272 (18.8) 352 (23.7)

60+ 865 (29.5) 376 (26.0) 489 (33.0)

Income

Finding it very difficult on present income 172 (5.9) 132 (9.1) 40 (2.7)

Finding it difficult on present income 436 (14.9) 263 (18.2) 173 (11.7)

Coping on present income 1226 (41.8) 608 (42.0) 618 (41.7)

Living comfortably on present income 1075 (36.7) 428 (29.6) 647 (43.6)

Education

Has not completed primary education 250 (8.5) 75 (5.2) 4 (0.3)

Completed primary education 719 (24.5) 221 (15.3) 62 (4.2)

Compulsory secondary education 422 (14.4) 461 (15.3) 84 (5.7)

Upper secondary education 620 (21.2) 282 (31.9) 331 (22.3)

Post-secondary education (but not university level) 549 (18.7) 135 (19.5) 280 (18.9)

Graduate studies 286 (9.8) 219 (15.1) 493 (33.2)

Post-graduate studies 250 (8.5) 53 (3.7) 195 (13.1)

Self-perceived Health

Very Bad 28 (1.0) 16 (1.1) 12 (0.8)

Bad 173 (5.9) 94 (6.5) 79 (5.3)

Fair 555 (18.9) 295 (20.4) 260 (17.5)

Good 1254 (42.8) 684 (47.3) 570 (38.4)

Very Good 916 (31.3) 354 (24.5) 562 (37.9)

My partner or an ex-partner has been physically violent against me

Yes 404 (15.9) 137 (9.7) 267 (23.6)

No 2143 (84.1) 1280 (90.3) 863 (76.4)

My partner or an ex-partner has been sexually violent against me

Yes 127 (5.0) 59 (4.2) 68 (6.0)

No 2416 (95.0) 1357 (95.8) 1059 (94.0)

https://doi.org/10.1371/journal.pone.0217015.t001
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or hurting you in some way?”, “Your current/previous partner has made you take part in any

form of sexual activity when you did not want to or you were unable to refuse?”). Respondents

have to indicate how often have they experienced this type of violence using a 4-point Likert-

type (1: “Never”, 2: “Once”, 3: “2–5 times”, 4: “6 or more times”). Respondents were consid-

ered as victims of intimate partner sexual violence when reported one of the episodes

described by the items at least one time, whereas severe violence was considered in those cases

where respondents have experienced the episodes more than one time.

Validity evidence based on relations to other variables. To test validity based on rela-

tions to other variables [37], we used two measures: (1) Self-perceived health. The FRA survey

included an item in which respondents are asked how their health was in general, and they

have to answer using a 5-point Likert-type ordinal scale (ranging from 1 = “Very Bad” to 5 =

“Very Good”). “Do not know”, “Not applicable” and “Refused” categories were treated as miss-

ing values. (2) Self-reported physical and sexual IPVAW victimization. At the end of the FRA

survey, respondents are asked to complete, confidentially, two dichotomous items (Yes/No)

about experienced life-time physical IPV (“My partner or an ex-partner has been physically

violent against me”), and experienced life-time sexual IPV (“My partner or an ex-partner has

been sexually violent against me”).

Data analyses

First, descriptive analyses of the set of items assessing physical and sexual violence included in

the FRA survey were conducted. The mean, standard deviation, skewness, and kurtosis statis-

tics were computed for each item. These statistics were obtained with the unadjusted responses

of the participants, as the aim was to study the properties of the items.

A confirmatory factor analysis (CFA) was conducted to assess the latent structure (i.e.,

internal construct validity) of the set of questions used in the FRA survey to address physical

and sexual violence. Two models were estimated and compared using robust weighted least

squares (WLSMV), as this method tend to perform better with categorical data [38]. The first

model was a one-factor model in which all items loaded onto a single violence factor, implying

that all violent acts, regardless of their physical or sexual nature, pertained to the same con-

struct. The second model was a two-factor model where the items addressing physical violence

loaded on one factor and the items assessing sexual violence on another factor, implying that

each set of items were sampling different constructs. In this second model the factors are cor-

related, and thus these two constructs are assumed to be related. Model fit was tested with a

combination of fit indices: comparative fit index (CFI), Tucker-Lewis index (TLI), and root

mean square error of approximation (RMSEA). CFI and TLI values above .95 are indicative of

good fit, whereas RMSEA values below .08 and .06 are considered indicative of mediocre and

good fit, respectively [39,40]. Once the latent structure is determined, the internal consistency

of the resulting factor or factors will be studied by computing Cronbach’s α and McDonald’s

ω. McDonald’s ω is more suitable when the items are not tau-equivalent (i.e., they do not have

the same factor loadings) [41]. After establishing the latent structure of the items, validity

based on relationships with other variables was tested conducting a set of mean comparisons

and correlations with variables with expected links to IPVAW (i.e., self-perceived health, and

self-reported physical and sexual IPVAW victimization).

Once these analyses have been carried out separately for both Sweden and Spain, to ensure

the comparability of IPVAW scores across these countries two complementary analyses were

conducted: A differential item functioning (DIF) analysis for categorical data, and a multi-

group confirmatory factor analysis (MG-CFA) between countries to test measurement invari-

ance [42–45]. Both procedures aim to assess whether there is a group effect (i.e., country) on
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IPVAW factor scores, but they focus on different issues. Whereas the DIF focuses on the

equivalence of the latent scores, the MG-CFA focuses on the equivalence of the structural

parameters of the model (e.g., loadings and intercepts). First, a DIF analysis was conducted

using the logistic regression method [46,47]. An item presents DIF when the probability of

endorsement of an item category is not the same for respondents from different groups (i.e.,

countries) with equivalent scores in the factor, indicating that the respondents of each group

are answering that item differentially. Second, a series of MG-CFA was conducted, testing con-

figural, metric, and scalar measurement invariance levels across the Swedish and Spanish sam-

ples [27,48–51]. These levels of invariance are required for a meaningful comparison of

IPVAW scores for Sweden and Spain. Configural invariance evaluate whether Swedish and

Spanish women conceptualize the construct in the same way, testing if the same factorial

model fits for both groups. Metric invariance constraint the factor loadings to be equal across

groups, implying that Swedish and Spanish respondents interpret the items similarly. Scalar

invariance test whether the same threshold parameters could be estimated for each group,

indicating that the items yield the same factor score for Swedish and Spanish samples. Change

in CFI (ΔCFI) and RMSEA (ΔRMSEA) was computed to test which of these invariance levels

were better supported by the data. If the change in the CFI (ΔCFI) and in the RMSEA

(ΔRMSEA) is below .010 or .015, respectively, then the most restrictive level of invariance is

supported [26,52].

After assessing measurement invariance, the raw prevalences of the items were compared

as a descriptive analysis of the differences between Sweden and Spain. Finally, a MG-CFA

latent means analysis was also conducted, to analyze IPVAW differences across countries. Fac-

tor scores on latent variables provides a more refined approach to assess differences in IPVAW

between two countries. They are continuous variables that take into account how relevant for

the factor is each item, and can capture more variability. To assess the magnitude of the latent

mean differences, Cohen’s d effect size index was obtained using the resulting factor scores

[49]. Cohen d can also be used to compute the Cohen U3 statistic, which evaluate the percent-

age of cases of one group that is higher than the average of the other group, and the probability

of superiority, which indicates the probability that a person selected at random from one

group will have a higher score than a person randomly selected from the other group [53–55].

Descriptive, DIF, and validity analyses were carried out with the statistical software package

R [56], using the psych and lordif libraries [46,57]. The CFA and the measurement invariance

analyses were conducted with the software package Mplus [58].

Results

Descriptive analyses

The descriptive statistics of the items addressing physical violence can be found in Table 2.

The means of the items were around 1, the lowest category (i.e., “Never”), with standard devi-

ations around 0.4 and 0.5 for the Spanish and Swedish women, respectively. Both groups pre-

sented positive skew statistics and high kurtosis values, indicating that most of the responses

were centered in the lower categories. The variance of the items 7 and 9 (i.e., “being burned”,

and “being cut, stab or shot”) was extremely low, indicating that almost none of the respon-

dents reported experiencing this type of violence. Given the lack of variability in the

responses on these items in both countries (1% or less), they were removed for subsequent

analyses.

Regarding the sexual violence items (Table 3), the means were also centered on the lower

category (i.e., “Never”), with standard deviations around 0.40 and 0.50 for the Spanish and the

Swedish respondents, and showed a positive skew and had high kurtosis values. As in the
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Table 3. Sexual violence items descriptive statistics.

SPAIN

M SD Skew Kurtosis
has forced you into sexual intercourse by holding you down or hurting you in

some way?

1.06 0.38 6.86

(.01)

47.00

(.01)

has attempted to force you into sexual intercourse by holding you down or hurting

you in some way?

1.05 0.36 7.31

(.01)

53.59

(.01)

has made you take part in any form of sexual activity when you did not want to or

you were unable to refuse?

1.05 0.35 7.57

(.01)

57.29

(.01)

Have you consented to sexual activity because you were afraid of what your

current partner might do if you refused?

1.06 0.39 6.85

(.01)

46.56

(.01)

SWEDEN

M SD Skew Kurtosis
has forced you into sexual intercourse by holding you down or hurting you in

some way?

1.10 0.48 4.91

(.01)

23.65

(.01)

has attempted to force you into sexual intercourse by holding you down or hurting

you in some way?

1.09 0.45 5.15

(.01)

26.49

(.01)

has made you take part in any form of sexual activity when you did not want to or

you were unable to refuse?

1.13 0.54 4.17

(.01)

16.76

(.01)

Have you consented to sexual activity because you were afraid of what your

current partner might do if you refused?

1.11 0.51 4.88

(.01)

22.95

(.01)

Note: M = Mean, SD = Standard Deviation. In brackets: Skew and Kurtosis statistics standard error.

https://doi.org/10.1371/journal.pone.0217015.t003

Table 2. Physical violence items descriptive statistics.

Spain

M SD Skew Kurtosis
Threatened to hurt you physically? 1.19 0.66 3.55(.02) 11.39(.02)

Pushed you or shoved you? 1.20 0.65 3.39(.02) 10.46(.02)

Slapped you? 1.13 0.55 4.28(.01) 17.61(.01)

Thrown a hard object at you? 1.07 0.40 6.25(.01) 39.70(.01)

Grabbed you or pulled your hair? 1.09 0.45 5.24(.01) 27.54(.01)

Beat you with a fist or a hard object, or kicked you? 1.08 0.44 5.55(.01) 30.97(.01)

Burned you? 1.01 0.11 18.91(.00) 356.01(.00)

Tried to suffocate you or strangle you? 1.04 0.26 8.26(.01) 75.82(.01)

Cut or stabbed you, or shot at you? 1.01 0.11 18.73(.00) 407.65(.00)

Beat your head against something? 1.04 0.29 8.15(.01) 70.02(.01)

Sweden

M SD Skew Kurtosis
Threatened to hurt you physically? 1.30 0.79 2.53(.02) 5.08(.02)

Pushed you or shoved you? 1.37 0.83 2.12(.02) 3.19(.02)

Slapped you? 1.21 0.65 3.2(.02) 9.36(.02)

Thrown a hard object at you? 1.13 0.52 4.24(.01) 17.79(.01)

Grabbed you or pulled your hair? 1.17 0.61 3.64(.02) 12.31(.02)

Beat you with a fist or a hard object, or kicked you? 1.16 0.60 3.84(.02) 13.80(.02)

Burned you? 1.01 0.10 22.90(.00) 616.22(.00)

Tried to suffocate you or strangle you? 1.05 0.29 7.23(.01) 56.92(.01)

Cut or stabbed you, or shot at you? 1.00 0.07 15.24(.00) 230.51(.00)

Beat your head against something? 1.08 0.40 5.47(.01) 31.10(.01)

Note: M = Mean, SD = Standard Deviation, In brackets: Skew and Kurtosis statistics standard error.

https://doi.org/10.1371/journal.pone.0217015.t002
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physical violence items, the respondents tended to select the lower categories in the sexual vio-

lence items.

Confirmatory factor analysis and internal consistency

A one-factor model and a two-factor model were then estimated to determine the latent struc-

ture of the items for each country separately, using WLSMV as the estimation method. Both

models converged successfully.

The one- and two-factor models fitted adequately in the Spanish sample (Table 4). In the

Swedish sample the one-factor model showed a good fit to the data, although the RMSEA was

mediocre. Adding a second factor improved substantially the RMSEA in the Swedish group,

being below the .06 cut-off for a well fitted model. For this reason, we decided to keep the two-

factor solution in both samples, as both countries showed similar fit indices. The factor load-

ings of the items in the Spanish and the Swedish samples were high, showing values above .80

in both factors. This indicates that the items were strongly related to the measured construct.

The correlations between the factors were also high, .84 and .72 for the Spanish and the Swed-

ish groups, respectively (Fig 1).

Table 4. CFA fit indices.

Model χ2 df CFI TLI RMSEA [95% CI]

One-factor Spain 243.24 54 0.99 0.99 0.049 [0.043; 0.056]

Sweden 630.74 54 0.97 0.97 0.086 [0.080; 0.092]

Two-factor Spain 125.51 53 0.99 0.99 0.031 [0.024; 0.038]

Sweden 159.71 53 0.99 0.99 0.037 [0.030; 0.037]

Note: CFI: Comparative fit index, TLI: Tucker-Lewis index, RMSEA = Root mean squared error of approximation.

https://doi.org/10.1371/journal.pone.0217015.t004

Fig 1. CFA two-factor model.

https://doi.org/10.1371/journal.pone.0217015.g001
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Regarding the internal consistency, both factors showed a high internal consistency. In par-

ticular, the physical IPVAW factor showed a Cronbach’s α = .91 in both countries, and a

McDonald’s ω = .92 in the Spanish sample and .91 in the Swedish sample. The sexual IPVAW

factor had a Cronbach’s α = .88 and .86, and a McDonald’s ω = .90 and .86 in the Spanish and

Swedish groups, respectively.

Validity evidence based on relations to other variables

The standardized factor scores from the two-factor model were used to conduct the validity

analyses, as the items did not contribute equally to their factor (i.e., are not tau-equivalent).

The scores on the physical IPVAW factor were compared by self-perceived health catego-

ries in each country separately. In Spain, we found significant differences in this factor, F(4) =

6.39, p< .001, η2 = .017. Post-hoc analysis showed that the differences in self-perceived health

were between the upper two categories (i.e., “Very good” and “Good”) and the lower two cate-

gories (i.e., “Bad” and “Very bad”), implying that respondents who indicated a positive self-

perceived health showed lower scores on this factor. We also found significant differences in

the Swedish sample by self-perceived health, F(4) = 10.26, p< .001, η2 = .027. We found in the

post-hoc analyses that respondents who chose the upper category in self-perceived health (i.e.

“Very Good”) showed lower scores in the physical IPVAW factor in comparison with the

other response categories.

Regarding the sexual IPVAW factor, we found significant differences in the Spanish sample

when the scores in this factor were compared by self-perceived health categories, F(4) = 6.63,

p< .001, η2 = .018. In particular, post-hoc analyses indicated that respondents who chose the

lowest category of self-perceived health (i.e. “Very Bad”) showed higher scores on the sexual

IPVAW factor than those respondents who chose the upper three categories (i.e., “Very

Good”, “Good”, and “Fine”). Significant differences by self-perceived health were also found

in the Swedish sample, F(4) = 6.52, p< .001, η2 = .017. These differences were between the

upper two and the lower two categories of this variable (i.e., “Very Good” and “Good” vs.

“Very Bad” and “Bad”).

The scores on both physical and sexual violence IPVAW factors were also correlated with

the self-reported physical and sexual IPVAW victimization items of the FRA survey for each

country separately. Biserial correlations were used. We found that the physical violence factor

scores were positively related to the single item of the FRA survey addressing physical violence

in Sweden and Spain (r = .33, p< .001, and r = .37, p< .001, respectively). The scores on this

factor were also related to the sexual violence item, especially in Spain (r = .16, p< .001, in

Sweden, and r = .35, p< .001, in Spain). Regarding the sexual violence, we found a positive

relationship between the factor scores and the single item of the FRA survey in both countries

(r = .38, p< .001, in Sweden, and r = .26, p< .001, in Spain). The correlations between the sex-

ual violence factor scores and the single item addressing physical violence from the FRA survey

were also positive in Sweden and Spain (r = .26, p< .001, and r = .25, p< .001, respectively).

Measurement equivalence analyses

First, a series of nested logistic regression models for categorical data was conducted to iden-

tify, at item-level, if there was a group effect due to pertaining to different countries for both

factors, and whether that effect was constant—uniform DIF—or varies across the factor

scores—non-uniform DIF—[46]. We detected non-uniform DIF only for item 4 (i.e., “Thrown

a hard object at you”) in the physical IPVAW factor, χ2(1) = 12.11, p< .001, R2
Nagelkerke = .008.

The effect size in this item was, however, below 0.02, and thus this could be considered
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negligible, as adding the DIFF effect to the model does not improve their fit substantially

[46,53]. No DIF was detected for any items of the sexual IPVAW factor.

Second, measurement invariance across countries was explored using a MG-CFA for the

two-factor model. The configural, metric, and scalar invariance levels were tested (see

Table 5). The configural invariance level was supported by the data, entailing that the same fac-

torial model can be applied in both countries. Constraining the factor loadings to have the

same value in both groups did not substantially decrease the fit of the CFI and the RMSEA fit

indices (ΔCFI = .000, ΔRMSEA = .001), indicating that the metric invariance level could be

assumed. Finally, when the threshold parameters of the items were constrained to be equal

across groups, the change of the CFI and the RMSEA indices were below the ΔCFI = .10 and

ΔRMSEA = .15 cut-offs, supporting the scalar invariance level.

Raw prevalences

As no DIF was detected, item-based comparisons across countries can be made. All items,

both in the physical and sexual IPVAW factors, had a higher prevalence in Sweden than in

Spain (Table 6). These differences held for both general prevalence (physical IPVAW: Sweden:

Table 5. Measurement Invariance fit indices.

χ2 df CFI TLI RMSEA [95% CI]

Invariance level
Configural 281.80 106 0.996 0.996 0.034 [0.029; 0.038]

Metric 305.73 116 0.996 0.996 0.033 [0.029; 0.038]

Scalar 551.18 152 0.992 0.993 0.042 [0.039; 0.046]

Latent Means 352.31 150 0.996 0.996 0.030 [0.026; 0.034]

Note: CFI: Comparative fit index, TLI: Tucker-Lewis index, RMSEA = Root mean squared error of approximation.

https://doi.org/10.1371/journal.pone.0217015.t005

Table 6. Physical and sexual violence item prevalences.

Spain Sweden

Prev (%) Sev Prev (%) Prev (%) Sev Prev (%)

Physical Violence
Threatened to hurt you physically? 8.43 6.35 15.30 10.85

Pushed you or shoved you? 9.95 6.50 19.84 13.16

Slapped you? 6.56 4.49 11.59 6.94

Thrown a hard object at you? 3.52 2.14 7.35 4.25

Grabbed you or pulled your hair? 4.77 3.04 8.62 6.20

Beat you with a fist or a hard object, or kicked you? 4.22 2.76 7.88 5.59

Tried to suffocate you or strangle you? 2.49 0.09 3.10 1.35

Beat your head against something? 2.21 1.24 4.78 2.62

Total 12.43 8.03 27.86 16.76

Sexual Violence
has forced you into sexual intercourse by holding you down or hurting you in some way? 2.63 1.94 5.25 3.70

has attempted to force you into sexual intercourse by holding you down or hurting you in some way? 2.21 1.80 4.85 3.43

has made you take part in any form of sexual activity when you did not want to or you were unable to refuse? 2.00 1.73 7.14 4.98

have you consented to sexual activity because you were afraid of what your current partner might do if you

refused?

2.49 2.00 4.98 4.04

Total 4.28 3.09 10.90 7.45

https://doi.org/10.1371/journal.pone.0217015.t006

Prevalence of intimate partner violence against women in Sweden and Spain

PLOS ONE | https://doi.org/10.1371/journal.pone.0217015 May 16, 2019 10 / 17

https://doi.org/10.1371/journal.pone.0217015.t005
https://doi.org/10.1371/journal.pone.0217015.t006
https://doi.org/10.1371/journal.pone.0217015


7.9%, Spain: 4.3%; sexual IPVAW: Sweden: 5.5%, Spain: 2.3%) and severe prevalence (physical

IPVAW: Sweden: 5.1%, Spain: 2.8%; sexual IPVAW: Sweden: 4%, Spain: 1.8%). As for the raw

prevalence considering all items, in Sweden the prevalence of physical and sexual IPVAW was

also higher than in Spain.

Latent means analysis

Once the scalar invariance level was established, the differences between Spanish and Swedish

women were assessed estimating a new MG-CFA. This model assumes that the structural

parameters (i.e., slopes and thresholds) are equal, and thus the means of the factor scores can

be compared assuming that respondents interpret the items similarly in both groups. For the

Spanish sample the mean was fixed to zero in both physical and sexual IPVAW factors,

whereas in the Swedish sample these parameters were freed. The Swedish sample showed a

higher latent mean in the physical IPVAW factor than the Spanish sample (z = 0.72, p< .001).

The effect size of these differences between Sweden and Spain was large, d = 1.23, Cohen’s U3 =

.891, probability of superiority = .807. This means that 89.1% of the Swedish sample presented

higher values in the physical IPVAW factor than the average of the Spanish sample, and if one

woman is randomly selected from each country, there is an 80.7% probability that the Swedish

woman will score higher in this factor than a Spanish woman.

Regarding the sexual violence factor, we found that the latent mean was also higher in the

Swedish group (z = 1.99, p< .001). In this case the effect size was extremely large, d = 2.5,

Cohen’s U3 = .994, probability of superiority = .961, which means that the 99.4% of the Swedish

women presented higher values on the sexual IPVAW factor scores than the Spanish women.

Also, if one woman is randomly selected from each country, there is a 96.1% probability that

the Swedish woman will score higher in the sexual IPVAW factor than a Spanish woman.

Discussion

In this study we compared physical and sexual IPVAW prevalence data in two countries exem-

plifying the Nordic paradox [14]: Sweden and Spain. To ascertain whether differences between

these two countries reflect true differences in IPVAW prevalence, and to rule out the possibil-

ity of measurement bias, we conducted a set of analyses to ensure measurement equivalence,

as a precondition for appropriate and valid cross-cultural comparisons. Once an equivalent

measurement model had been established, we compared physical and sexual IPVAW scores

between the two countries. Our results showed that the higher levels of physical and sexual

IPVAW in Sweden than Spain reflect actual differences in IPVAW prevalence and are not the

result of measurement bias, supporting the idea of the Nordic paradox.

The first set of analyses conducted in this study aimed to examine whether the series of

questions assessing physical and sexual IPVAW used in the FRA survey were reliable and valid

measures of this type of violence in both Sweden and Spain. First, results from CFA examining

the latent structure of the items used in the FRA survey supported a two-factor model in the

two countries. That is, these items were measuring two separate constructs: physical and sexual

IPVAW. Once the latent structure of the physical and sexual violence items had been estab-

lished, reliability analyses (computing Cronbach’s α and McDonald’s ω) were conducted,

showing that these scales had high internal consistency in both countries (all values ranging

from .86 to .92). In this first set of analyses, we also addressed the validity of physical and sexual

IPVAW factors based on their relations to other variables in the two countries. In both Sweden

and Spain, scores in the physical and sexual IPVAW factors were significantly associated, as

expected, to self-perceived health. The physical and sexual IPVAW scores were also correlated
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with two single-item measures of self-reported (not act-based measures) physical and sexual

IPVAW victimization.

Once the psychometric properties of these measures had been established for each country,

the next set of analyses aimed to ensure the comparability of these measures across Sweden

and Spain by conducting different measurement equivalence tests. In the present study, to test

the comparability of the physical and sexual IPVAW scales between Sweden and Spain, two

complementary analyses were conducted: a DIF analysis and a MG-CFA. The joint use of

these two techniques is one of the main strengths of the current manuscript, as they provide

complementary information. In particular, both analyses showed that the country had no

effect on the physical and the sexual IPVAW scores. No DIF was detected, indicating that the

probability of endorsing a category of response in each item was the same for Swedish and

Spanish respondents and, therefore, factors scores were comparable (i.e., no recalibration of

item parameters was needed). Regarding MG-CFA, configural, metric, and scalar measure-

ment invariance levels were supported, indicating that respondents in Sweden and Spain used

the same conceptual framework to respond to the items (i.e., configural invariance), that the

items were interpreted in a similar way, contributing equally to the scale scores (i.e., metric

invariance), and that differences across countries in the observed items were the result of

actual differences in the corresponding latent factors of physical and sexual IPVAW (i.e., scalar

invariance). Results from these measurement invariance analyses ensured the comparability of

physical and sexual IPVAW scores between Spanish and Swedish respondents.

When we examined the raw prevalence of the items, both in the physical and sexual

IPVAW scales, all had a higher prevalence in Sweden than in Spain (both for general and

severe IPVAW). Considering all items together, the general lifetime prevalence of IPVAW was

higher in Sweden (physical: 27.86%, sexual: 10.9%) than in Spain (physical: 12.43%, sexual:

4.3%). The same pattern was also found for severe physical (16.76% Sweden vs. 8.03% Spain)

and sexual (7.4% Sweden vs. 3.1% Spain) IPVAW. However, although comparisons based on

the raw prevalence can be useful as a first descriptive step, they provide a limited description of

the phenomenon, as this measure does not consider the differential contribution of each item

to its corresponding factor (i.e., not all items have the same importance), and cannot capture

as much variability as a continuous measure like the factor scores on latent variables.

Latent means comparisons between the Spanish and the Swedish samples showed that the

standardized factor scores on both the physical and sexual IPVAW factors were higher in Swe-

den than in Spain, and that these differences were substantially higher for sexual IPVAW. The

effects size of these differences was large for both types of IPVAW, and particularly remarkable

in the case of sexual IPVAW. If we transform the effect size into percentages, 89.1% of the

Swedish sample had higher values in the physical IPVAW factor than the Spanish average,

whereas 99.4% of the Swedish women presented higher values in the sexual IPVAW than the

Spanish latent mean in that factor. When we analyze these effect sizes in terms of probability

of superiority (i.e., the probability that a woman from one country will score higher than a

woman from the other country, if both are randomly selected), there was an 80.7% probability

that a Swedish woman would score higher than a Spanish woman in the physical IPVAW fac-

tor, and a 96.1% probability that the Swedish woman would score higher than the Spanish

woman in the sexual IPVAW factor. These results clearly illustrate the importance of using

appropriate measurement approaches for cross-country comparisons, as they provide a more

accurate picture of country differences. Prevalence indicators based on raw prevalences pro-

vide a more restricted view of the phenomenon, and can distort or conceal important differ-

ences, such as those found in this study regarding sexual IPVAW differences between Sweden

and Spain.
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Summing up, our results showed that the prevalence of physical and sexual IPVAW is

clearly higher in Sweden than in Spain, that these differences are more evident in the case of

sexual violence, and that these differences are not the result of measurement bias. Taken

together, these results support the idea of the Nordic paradox, that is, the puzzling fact that

despite the high levels of gender equality achieved in countries like Sweden, the prevalence of

physical and, in particular, sexual IPVAW remains disproportionately high. The higher rates

of physical and sexual IPVAW in countries with high levels of country-level gender equality

such as Sweden––regardless of whether we consider its prevalence on its own, or in compari-

son with another country with lower levels of gender equality such as Spain––remains unex-

plained, and clearly invites further research. The psychometric study conducted in this paper

was not designed to explain the Nordic paradox, but to eliminate the possibility that this phe-

nomenon was due to measurement bias. Once measurement bias has been ruled out, the

research question posited by the Nordic paradox remains unanswered.

The reasons explaining the high levels of IPVAW prevalence in countries like Sweden,

despite their high levels of gender equality, are not yet understood. Although research supports

the link between country-level gender equality and violence against women, the nature and

direction of this relationship appears to be complex [13]. For example, a systematic review ana-

lyzed the evidence supporting different hypotheses regarding the relationships between coun-

try-level gender equality and violence against women: increased gender equality decreased

violence (amelioration hypotheses), increased gender equality increased violence (backlash

hypotheses), and increased gender equality equals men and women in experiencing violence

(convergence hypothesis [59]. This review concluded that none of these relationships could be

assumed, and that this association is complex and should be further investigated. For example,

to shed light on the Nordic paradox, future research should examine a number of potential

lines of enquiry such as those proposed by Gracia and Merlo [14]. Future research should also

extend the type of analysis conducted in this study to include other Nordic countries, as well as

other countries with low levels of gender equality and also lower levels of IPVAW. This type of

research should acknowledge the complex and multidetermined nature of IPVAW [60–62],

with appropriate methodological approaches such as multilevel analyses of individual hetero-

geneity and discriminatory accuracy [63–65].

This study has clear implications regarding cross-country comparisons on key issues such

as IPVAW. For adequate cross-cultural comparisons, international surveys should use reliable

and valid measures, and most importantly, ensure measurement invariance. Establishing

cross-cultural measurement invariance is a precondition for appropriate and valid compari-

sons across countries [26,28–32]. As Davidov noted [48], “absent invariance, observed differ-

ences in means or other statistics might reflect differences in systematic biases of response

across countries or different understanding of the concepts, rather than substantive differ-

ences” (p. 429). Lack of evidence of measurement invariance can cast doubts on how cross-

country comparisons are interpreted. Using reliable, valid and comparable measures (i.e.,

using an equivalent measurement model) prevents uncertainty or ambiguous interpretations,

and ensures that we reach the right conclusions when comparing countries on key issues such

as IPVAW.

Author Contributions

Conceptualization: Enrique Gracia.

Funding acquisition: Enrique Gracia, Juan Merlo, Anna-Karin Ivert.

Investigation: Marisol Lila.

Prevalence of intimate partner violence against women in Sweden and Spain

PLOS ONE | https://doi.org/10.1371/journal.pone.0217015 May 16, 2019 13 / 17

https://doi.org/10.1371/journal.pone.0217015


Methodology: Manuel Martı́n-Fernández.

Project administration: Enrique Gracia.

Supervision: Enrique Gracia, Marisol Lila.

Writing – original draft: Enrique Gracia, Manuel Martı́n-Fernández.

Writing – review & editing: Enrique Gracia, Marisol Lila, Juan Merlo, Anna-Karin Ivert.

References
1. Campbell JC. Health consequences of intimate partner violence. Lancet. 2002; 359:1331–6. https://doi.

org/10.1016/S0140-6736(02)08336-8 PMID: 11965295

2. Craparo G, Gori A, Petruccelli I, Cannella V, Simonelli C. Intimate partner violence: relationships

between alexithymia, depression, attachment styles, and coping strategies of battered women. J Sex

Med. 2014; 11:1484–94. http://doi.org/10.1111/jsm.12505 PMID: 24621112

3. Devries KM, Mak JY, Garcia-Moreno C, Petzold M, Child JC, Falder G, et al. The global prevalence of

intimate partner violence against women. 2013; 340:1527–28. https://doi.org/10.1126/science.

1240937

4. Ellsberg M, Heise L, Pena R, Agurto S, Winkvist A. Researching domestic violence against women:

methodological and ethical considerations. Stud Fam Plann. 2001; 32:1–16. https://doi.org/10.1111/j.

1728-4465.2001.00001.x PMID: 11326453

5. Stöckl H, Devries K, Rotstein A, Abrahams N, Campbell J, Watts C, et al. The global prevalence of inti-

mate partner homicide: A systematic review. Lancet. 2013; 382:859–65. https://doi.org/10.1016/S0140-

6736(13)61030-2 PMID: 23791474

6. Vilariño M, Amado BG, Vázquez MJ, Arce R. Psychological harm in women victims of intimate partner

violence: Epidemiology and quantification of injury in mental health markers. Psychosoc Interv. 2018;

27:145–52. https://doi.org/10.5093/pi2018a23

7. Wong JY, Tiwari A, Fong DY, Bullock L. A cross-cultural understanding of depression among abused

women. Violence Against Women. 2016; 22:1371–96. https://doi.org/10.1177/1077801215624791

PMID: 26796779

8. World Health Organization. Global and regional estimates of violence against women: Prevalence and

health effects of intimate partner violence and non-partner sexual violence. Geneva: World Health

Organization; 2013.

9. Archer J. Cross-cultural differences in physical aggression between partners: A social-role analysis.

Pers Soc Psychol Rev. 2006; 10:133–53. http://dx.doi.org/10.1207/s15327957pspr1002_3 PMID:

16768651

10. World Health Organization. Promoting gender equality to prevent violence against women. Geneva:

WHO; 2009.

11. World Health Organization/London School of Hygiene and Tropical Medicine. Preventing intimate part-

ner and sexual violence against women: taking action and generating evidence. Geneva: World Health

Organization; 2010.

12. Yodanis CL. Gender inequality, violence against women, and fear: A cross-national test of the feminist

theory of violence against women. J Interpers Violence. 2004; 19:655–75. https://doi.org/10.1177/

0886260504263868 PMID: 15140317

13. Latzman NE, D’Inverno AS, Niolon PH, Reidy DE. Gender inequality and gender-based violence:

Extensions to adolescent dating violence. In: Wolfe DA, Temple JR, editors. Adolescent dating violence:

Theory, research, and prevention. New York: Academic Press; 2019. p. 283–314.

14. Gracia E, Merlo J. Intimate partner violence against women and the Nordic paradox. Soc Sci Med.

2016; 157:27–30. https://doi.org/10.1016/j.socscimed.2016.03.040 PMID: 27058634

15. European Institute for Gender Equality. Gender Equality Index, 2017. Measuring gender equality in the

European Union 2005–2015. Luxembourg: Publication Office of European Union; 2017.

16. United Nations Development Program. Human Development Reports. Gender Inequality Index. 2017.

http://hdr.undp.org/en/content/gender-inequality-index-gii

17. World Economic Forum. Global Gender Gap. 2017. Retrieved from http://www.weforum.org/reports/

the-global-gender-gap-report-2017

18. European Union Agency for Fundamental Rights. Violence against women: An EU-wide survey. Main

results. Luxembourg: Publications Office of the European Union; 2014.

Prevalence of intimate partner violence against women in Sweden and Spain

PLOS ONE | https://doi.org/10.1371/journal.pone.0217015 May 16, 2019 14 / 17

https://doi.org/10.1016/S0140-6736https://doi.org/10.1016/S0140-6736(02)08336-8
https://doi.org/10.1016/S0140-6736https://doi.org/10.1016/S0140-6736(02)08336-8
http://www.ncbi.nlm.nih.gov/pubmed/11965295
http://doi.org/10.1111/jsm.12505
http://www.ncbi.nlm.nih.gov/pubmed/24621112
https://doi.org/10.1126/science.1240937
https://doi.org/10.1126/science.1240937
https://doi.org/10.1111/j.1728-4465.2001.00001.x
https://doi.org/10.1111/j.1728-4465.2001.00001.x
http://www.ncbi.nlm.nih.gov/pubmed/11326453
https://doi.org/10.1016/S0140-6736(13)61030-2
https://doi.org/10.1016/S0140-6736(13)61030-2
http://www.ncbi.nlm.nih.gov/pubmed/23791474
https://doi.org/10.5093/pi2018a23
https://doi.org/10.1177/1077801215624791
http://www.ncbi.nlm.nih.gov/pubmed/26796779
http://dx.doi.org/10.1207/s15327957pspr1002_3
http://www.ncbi.nlm.nih.gov/pubmed/16768651
https://doi.org/10.1177/0886260504263868
https://doi.org/10.1177/0886260504263868
http://www.ncbi.nlm.nih.gov/pubmed/15140317
https://doi.org/10.1016/j.socscimed.2016.03.040
http://www.ncbi.nlm.nih.gov/pubmed/27058634
http://hdr.undp.org/en/content/gender-inequality-index-gii
http://www.weforum.org/reports/the-global-gender-gap-report-2017
http://www.weforum.org/reports/the-global-gender-gap-report-2017
https://doi.org/10.1371/journal.pone.0217015


19. Aebi MF, Akdeniz G, Barclay G, Campistol C, Caneppele S, Gruszczynska B, et al. European source-

book of crime and criminal justice statistics. 5th Edition. Helsinki: Akateeminen Kirjakauppa; 2014.

20. Brå [National Council for Crime Prevention]. [Offences in close relationships: A national survey]. Stock-

holm: Brå; 2014.

21. Heiskanen M, Piispa M. Faith, hope and battering: A survey of men’s violence against women. Helsinki:

Statistics Finland; 1998.

22. Lundgren E, Heimer G, Westerstrand J, Kalliokoski AM. Captured queen. Men’s violence against

women in "equal" Sweden—a prevalence study. Stockholm: Fritzes Offentliga Publikationer; 2001.

23. Nerøien AI, Schei B. Partner violence and health: results from the first national study on violence against

women in Norway. Scand J Public Health. 2008; 36:161–8. https://doi.org/10.1177/1403494807085188

PMID: 18519280

24. Sanz-Barbero B, Corradi C, Otero-Garcı́a L, Ayala A, Vives-Cases C. The effect of macrosocial policies

on violence against women: A multilevel study in 28 European Countries. Int J Public Health [Preprint].

2018. https://doi.org/10.1007/s00038-018-1143-1

25. Wijma B, Schei B, Swahnberg K, Hilden M, Offerdal K, Pikarinen U, et al. Emotional, physical, and sex-

ual abuse in patients visiting gynaecology clinics: a Nordic cross-sectional study. Lancet. 2003;

361:2107–13. https://doi.org/10.1016/S0140-6736(03)13719-1 PMID: 12826432

26. Cheung GW, Rensvold RB. Evaluating goodness-of-fit indexes for testing measurement invariance.

Struct Equ Modeling. 2002; 9:233–55. https://doi.org/10.1207/S15328007SEM0902_5

27. Davidov E, Schmidt P, Schwartz S. Bringing values back in: Testing the adequacy of the European

Social Survey to measure values in 20 countries. Public Opin Q. 2008; 3:420–45. https://doi.org/10.

1093/poq/nfn035

28. Davidov E, Meuleman B, Cieciuch J, Schmidt P, Billiet J. Measurement equivalence in cross-national

research. Annu Rev Sociol. 2014; 40:55–75. https://doi.org/10.1146/annurev-soc-071913-043137

29. Jang S, Kim ES, Cao C, Allen TD, Cooper CL, Lapierre LM, et al. Measurement invariance of the Satis-

faction with Life Scale across 26 countries. J Cross Cult Psychol. 2017; 48:560–76. https://doi.org/10.

1177/0022022117697844

30. Putnick DL, Bornstein MH. Measurement invariance conventions and reporting: The state of the art and

future directions for psychological research. Dev Rev. 2016; 41:71–90. https://doi.org/10.1016/j.dr.

2016.06.004 PMID: 27942093

31. Vandenberg RJ, Lance CE. A review and synthesis of the measurement invariance literature: Sugges-

tions, practices, and recommendations for organizational research. Organ Res Methods. 2000; 3:4–70.

https://doi.org/10.1177/109442810031002

32. Xu H, Tracey TJ. Use of Multi-Group Confirmatory Factor Analysis in examining measurement invari-

ance in counseling psychology research. The European Journal of Counselling Psychology. 2017;

6:75–82. https://doi.org/10.5964/ejcop.v6i1.120

33. Nybergh L, Taft C, Krantz G. Psychometric properties of the WHO Violence Against Women instrument

in a female population-based sample in Sweden: A cross-sectional survey. BMJ Open. 2013; 3:

e002053. http://dx.doi.org/10.1136/bmjopen-2012-002053 PMID: 23793692

34. Ellsberg M, Heise L, Shrader E. Researching violence against women: a practical guide for researchers

and advocates. Washington, DC: Center for Health and Gender Equity; 1999.

35. Heise L, Garcı́a-Moreno C. Violence by intimate partner. In: Krug EG, Dahlberg LL, Mercy JA, Zwi AB,

Lozano R, editors. World report on violence and health. Geneva: World Health Organization; 2002. p.

87–122.

36. European Union Agency for Fundamental Rights. Violence against women: An EU-wide survey. Sur-

vey methodology, sample and fieldwork. Luxembourg: Publications Office of the European Union;

2014.

37. American Educational Research Association, American Psychological Association, National Council on

Measurement in Education. Standards for educational and psychological testing. Washington, DC:

American Educational Research Association; 1999.

38. Asparouhov T, Muthén B. Weighted least squares estimation with missing data (Technical Report).

2010. http://www.statmodel.com/download/GstrucMissingRevision.pdf

39. Hu LT, Bentler PM. Cutoff criteria for fit indices in covariance structure analysis: Conventional criteria

versus new alternatives. Struct Equ Modeling. 1999; 6:1–55. https://doi.org/10.1080/

10705519909540118

40. MacCallum RC, Browne MW, Sugawara HM. Power analysis and determination of sample size for

covariance structure modeling. Psychol Methods. 1996: 1;130–49.

Prevalence of intimate partner violence against women in Sweden and Spain

PLOS ONE | https://doi.org/10.1371/journal.pone.0217015 May 16, 2019 15 / 17

https://doi.org/10.1177/1403494807085188
http://www.ncbi.nlm.nih.gov/pubmed/18519280
https://doi.org/10.1007/s00038-018-1143-1
https://doi.org/10.1016/S0140-6736(03)13719-1
http://www.ncbi.nlm.nih.gov/pubmed/12826432
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1093/poq/nfn035
https://doi.org/10.1093/poq/nfn035
https://doi.org/10.1146/annurev-soc-071913-043137
https://doi.org/10.1177/0022022117697844
https://doi.org/10.1177/0022022117697844
https://doi.org/10.1016/j.dr.2016.06.004
https://doi.org/10.1016/j.dr.2016.06.004
http://www.ncbi.nlm.nih.gov/pubmed/27942093
https://doi.org/10.1177/109442810031002
https://doi.org/10.5964/ejcop.v6i1.120
http://dx.doi.org/10.1136/bmjopen-2012-002053
http://www.ncbi.nlm.nih.gov/pubmed/23793692
http://www.statmodel.com/download/GstrucMissingRevision.pdf
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1371/journal.pone.0217015


41. Trizano-Hermosilla I, Alvarado JM. Best alternatives to Cronbach’s alpha reliability in realistic condi-

tions: Congeneric and asymmetrical measurements. Front Psychol. 2016; 7:769. https://doi.org/10.

3389/fpsyg.2016.00769 PMID: 27303333

42. Sass DA. Testing measurement invariance and comparing latent factor means within a confirmatory

factor analysis framework. J Psychoeduc Assess. 2011; 29:347–63. http://dx.doi.org/10.1177/

0734282911406661

43. Sass DA, Schmitt TA, Marsh HW. Evaluating model fit with ordered categorical data within a measure-

ment invariance framework: A comparison of estimators. Struct Equ Modeling. 2014; 21:167–80.

https://doi.org/10.1080/10705511.2014.882658

44. Sireci SG, Rios JA. Decisions that make a difference in detecting differential item functioning. Educ Res

Eval. 2013; 19:170–87. https://doi.org/10.1080/13803611.2013.767621

45. Zumbo BD. Does item-level DIF manifest itself in scale-level analyses? Implications for translating lan-

guage tests. Language Testing. 2003; 20:136–47. https://doi.org/10.1191/0265532203lt248oa

46. Choi SW, Gibbons LE, Crane PK. Lordif: An R package for detecting differential item functioning using

iterative hybrid ordinal logistic regression/item response theory and Monte Carlo simulations. J Stat

Softw. 2011, 39:1–30.

47. French AW, Miller TR. Logistic regression and its use in detecting differential item functioning in polyto-

mous items. J Educ Meas. 1996; 33:315–32. https://doi.org/10.1111/j.1745-3984.1996.tb00495.x

48. Davidov E. A cross-country and cross-time comparison of the human values measurements with the

second round of the European Social Survey. Surv Res Methods. 2008; 2:33–46. http://dx.doi.org/10.

18148/srm/2008.v2i1.365

49. Hong S, Malik ML, Lee MK. Testing configural, metric, scalar, and latent mean invariance across gen-

ders in sociotropy and autonomy using a non-Western sample. Educ Psychol Meas. 2003; 63:636–54.

http://dx.doi.org/10.1177/0013164403251332

50. Milfont TL, Fischer R. Testing measurement invariance across groups: Applications in cross-cultural

research. Int J Psychol Res. 2010; 3:112–31. http://dx.doi.org/10.21500/20112084.857

51. Wu AD, Li Z, Zumbo BD. Decoding the meaning of factorial invariance and updating the practice of

multi-group confirmatory factor analysis: A demonstration with TIMSS data. Practical Assessment,

Research & Evaluation. 2007; 12:1–26. https://doi.org/10.22237/jmasm/1225512660

52. Chen FF. Sensitivity of goodness of fit indexes to lack of measurement invariance. Struct Equ Modeling.

2007; 14:464–504. https://doi.org/10.1080/10705510701301834

53. Cohen J. Statistical power analysis for the behavioral sciences. Hilsdale: Lawrence Earlbaum Associ-

ates; 1988.

54. Grissom RJ, Kim JJ. Effect sizes for research: Univariate and multivariate applications. 2nd ed. New

York: Routledge; 2012.

55. Ruscio J, Mullen T. Confidence intervals for the Probability of Superiority effect size measure and the

Area Under a Receiver Operating Characteristic Curve. Multivariate Behav Res. 2012; 47:201–23.

https://doi.org/10.1080/00273171.2012.658329 PMID: 26734848

56. R Core Team. R: A language and environment for statistical computing. R foundation for Statistical

Computing. 2017. https://www.R-project.org/

57. Revelle W. psych: Procedures for personality and psychological research. Northwestern University,

Evanston, Illinois, USA. 2016. http://CRAN.R-project.org/package=psych Version=1.5.4.

58. Muthén LK, Muthén BO. Mplus user’s guide. Los Angeles, CA: Author; 2010.

59. Roberts SC. What can alcohol researchers learn from research about the relationship between macro-

level gender equality and violence against women?. Alcohol and Alcoholism. 2011; 46(2):95–104.

https://doi.org/10.1093/alcalc/agq093 PMID: 21239417

60. Heise L. What works to prevent partner violence? An evidence overview. London, STRIVE, London

School of Hygiene and Tropical Medicine. 2011

61. Heise L, Fulu E. What works to prevent violence against women and girls? State of the field of violence

against women and girls: what do we know and what are the knowledge gaps. Pretoria, South Africa,

Medical Research Council. 2014

62. Heise LL, Kotsadam A. Cross-national and multilevel correlates of partner violence: An analysis of data

from population-based surveys. Lancet Glob Heal. 2015; 3(6): e332–e340. https://doi.org/10.1016/

S2214-109X(15)00013-3

63. Merlo J. Multilevel analysis of individual heterogeneity and discriminatory accuracy (MAIHDA) within an

intersectional framework. Soc Sci Med. 2018; 203:74–80. https://doi.org/10.1016/j.socscimed.2017.12.

026 PMID: 29305018

Prevalence of intimate partner violence against women in Sweden and Spain

PLOS ONE | https://doi.org/10.1371/journal.pone.0217015 May 16, 2019 16 / 17

https://doi.org/10.3389/fpsyg.2016.00769
https://doi.org/10.3389/fpsyg.2016.00769
http://www.ncbi.nlm.nih.gov/pubmed/27303333
http://dx.doi.org/10.1177/0734282911406661
http://dx.doi.org/10.1177/0734282911406661
https://doi.org/10.1080/10705511.2014.882658
https://doi.org/10.1080/13803611.2013.767621
https://doi.org/10.1191/0265532203lt248oa
https://doi.org/10.1111/j.1745-3984.1996.tb00495.x
http://dx.doi.org/10.18148/srm/2008.v2i1.365
http://dx.doi.org/10.18148/srm/2008.v2i1.365
http://dx.doi.org/10.1177/0013164403251332
http://dx.doi.org/10.21500/20112084.857
https://doi.org/10.22237/jmasm/1225512660
https://doi.org/10.1080/10705510701301834
https://doi.org/10.1080/00273171.2012.658329
http://www.ncbi.nlm.nih.gov/pubmed/26734848
https://www.R-project.org/
http://CRAN.R-project.org/package=psych
https://doi.org/10.1093/alcalc/agq093
http://www.ncbi.nlm.nih.gov/pubmed/21239417
https://doi.org/10.1016/S2214-109X(15)00013-3
https://doi.org/10.1016/S2214-109X(15)00013-3
https://doi.org/10.1016/j.socscimed.2017.12.026
https://doi.org/10.1016/j.socscimed.2017.12.026
http://www.ncbi.nlm.nih.gov/pubmed/29305018
https://doi.org/10.1371/journal.pone.0217015


64. Merlo J, Wagner P, Ghith N, Leckie G. An original stepwise multilevel logistic regression analysis of dis-

criminatory accuracy: The case of neighbourhoods and health. PLoS One. 2016; 11(4):e0153778.

https://doi.org/10.1371/journal.pone.0153778 PMID: 27120054

65. Ivert AK, Merlo J, Gracia E. Country of residence, gender equality and victim blaming attitudes about

partner violence: A multilevel analysis in EU. Eur. J. Public Health. 2018; 28(3):559–564. https://doi.org/

10.1093/eurpub/ckx138

Prevalence of intimate partner violence against women in Sweden and Spain

PLOS ONE | https://doi.org/10.1371/journal.pone.0217015 May 16, 2019 17 / 17

https://doi.org/10.1371/journal.pone.0153778
http://www.ncbi.nlm.nih.gov/pubmed/27120054
https://doi.org/10.1093/eurpub/ckx138
https://doi.org/10.1093/eurpub/ckx138
https://doi.org/10.1371/journal.pone.0217015

