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Abstract

Background: American Indian people have high suicide rates. However, little epidemiological 

data is available on depression prevalence, a suicide risk factor, in this population. Some research 

suggests that depression scales may perform differently for American Indian people. However, the 

Patient Health Questionnnaire-9 (PHQ-9), a depression scale widely-used in clinical practice, had 

not been assessed for cross-cultural measurement invariance with American Indian people.

Methods: In this retrospective study of existing electronic health record (EHR) data in an upper 

Midwestern healthcare system, we assessed the measurement invariance of the standard one-factor 

PHQ-9 and five previously identified two-factor models for 4,443 American Indian and 4,443 

Caucasian American adults (age >= 18) with a PHQ-9 in the EHR from 12/1/2005 to 12/31/2017. 

We also conducted subgroup analyses with adults ages >= 65.

Results: Models showed good fits (e.g., CFI > 0.99, RMSEA < 0.05) and internal consistency 

reliability (ordinal alpha > 0.80). All models displayed measurement invariance between racial 

groups. Factor correlation was high for two-factor models, providing support for the one-factor 

model. American Indian adults had significantly higher odds of PHQ-9 total scores >= 10 and >= 

15 than Caucasian American adults.

Limitations: Data came from a single healthcare system.

Conclusions: The PHQ-9 exhibited cross-cultural measurement invariance between American 

Indian and Caucasian American adults, supporting the PHQ-9 as a depression screening tool in 

this clinical care population. American Indian adults also had higher levels of depression than 

Caucasian Americans. Future research could confirm the generalizability of our findings to other 

American Indian populations.
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Introduction

Depression is the foremost cause of disability globally and plays a major role in death by 

suicide (World Health Organization, 2017). American Indian (the Indigenous population of 

the lower 48 U.S. states, also identifying as Native American) and Alaskan Native people 

have higher suicide rates compared to other populations (Suicide Prevention Resource 

Center, 2013). Recent research has found co-factors significantly associated with suicide for 

this group when compared to Caucasian (White) people, such as greater odds of positive 

alcohol toxicology in decedents, knowing others who have committed suicide, and living 

outside of a metropolitan area (Leavitt et al., 2018). Although depression is also a risk factor 

for suicide, little epidemiological evidence is available from the published literature or 

within national datasets regarding depression prevalence for American Indian people 

(Garrett et al., 2015). A recent systematic review and meta-analysis by Kisely and 

colleagues (2017), which compared depression prevalence between non-Indigenous and 

Indigenous peoples in the Americas (U.S., Canada, and Latin America), found lifetime 

depression prevalence rates were lower among Indigenous peoples and that depression 

diagnoses over a one-year period did not differ significantly. These included studies 

conducted with U.S. populations, namely Northern Plains and Southwestern tribes (Beals et 

al., 2005a; 2005b), pregnant American Indian women (Melville et al., 2010), adolescents 

(Costello et al., 1997), and convicted female DWI offenders (C’de Baca et al., 2004). 

However, other cited studies showed that American Indian people had significantly higher 

depression prevalence, specifically in samples representative of the U.S. population (Huang 

B. et al., 2006; Smith et al., 2006) and adults with diabetes (Li et al., 2008). All cited studies 

had limitations, foremost being employing depression measures not validated for use with 

Indigenous people (Kisely et al., 2017). Scales for assessing mental health symptomology 

have been predominately developed and tested in U.S. populations of European descent 

(Crockett et al., 2005). Yet tests of scale reliability and validity should also assess the cross-

cultural invariance (or equivalence) of a scale between diverse groups (Cleary, 2013), such 

as through multiple group measurement invariance testing (Tran et al., 2017). Establishing 

cross-cultural measurement invariance, particularly what is referred to as scalar or strong 

invariance, is necessary for accurately comparing scale mean scores between different 

groups (Brown, 2015).

American Indian people are a heterogenous cultural group with 573 federally-recognized 

tribes (National Conference of State Legislatures, 2018). Previous research suggests that 

some groups of American Indian people may have culturally distinct expressions of 

depression, such as related to loneliness (Armenia et al., 2014; O’Nell, 2004). 

Intergenerational experiences of historical trauma from colonization, genocide, forced 

assimilation and relocation, and the concomitant loss of culture, family, land, language, and 

spirituality for American Indian, Alaskan Native, and Canadian First Nations people have 
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also been described as influencing depression symptomology in this population (e.g., Brave 

Heart and DeBruyn, 1998; Brown-Rice, 2013; Tucker et al., 2016; Whitbeck et al., 2002; 

Whitbeck et al., 2009). Specifically, Brave Heart and DeBruyn (1998) connected unresolved 

grief and trauma with high depression rates for American Indian people. More recent 

research suggests that the rumination and repetitive cognitive action of thinking about 

historical trauma (historical loss thinking) may negatively affect psychological wellbeing for 

American Indian people (Tucker et al., 2016).

The Patient Health Questionnaire-9 (PHQ-9) is a depression scale widely used in both 

primary care and other healthcare settings as a Healthcare Effectiveness Data and 

Information Set (HEDIS) measure (Kroenke et al., 2001; National Committee for Quality 

Assurance, 2018). However, we could not identify any studies that reported on the cross-

cultural measurement invariance of the PHQ-9 with American Indian people. Research 

assessing the cross-cultural measurement invariance of the PHQ-9 presents mixed results for 

Kroenke et al.’s (2001) original one-factor PHQ-9 model. Galenkamp et al. (2017) found the 

one-factor PHQ-9 invariant across African Surinamese, Dutch, Ghanaian, Moroccan, South-

Asian Surinamese, and Turkish adults in the Netherlands. The one-factor model was also 

cross-culturally invariant between Surinam Dutch and Dutch women and partially invariant 

for Surinam Dutch men (Baas et al., 2011). Here in the U.S., research supported a one-factor 

model while also reporting differential item functioning for some PHQ-9 items between 

non-Hispanic White, African American, Chinese American, and Latino primary care 

patients (Huang, F.Y. et al., 2006). Patel (2017) found a two-factor model with somatic and 

cognitive/affective factors invariant between non-Hispanic White, non-Hispanic Black, 

Mexican American, and other Hispanic groups and between genders. Keum et al. (2018) 

tested four separate PHQ-9 models between Asian American, African American, Latino/a 

American, and Caucasian American college students. These models included the standard 

one-factor model and three two-factor somatic and cognitive-affective models previously 

identified by Krause and colleagues (2008; 2010) and Richardson and Richards (2008). 

Keum et al. (2018) found that the one-factor model was cross-culturally measurement 

invariant and also the best fit for all four racial groups due to the better fitting two-factor 

models having high factor correlations (> 0.85) within groups. Of note, Keum et al. only 

tested the one-factor model and the best fitting two-factor model for measurement invariance 

between groups. Furthermore, while the one-factor model was invariant between English or 

Spanish-speaking Latina women (Merz et al., 2011), a two-factor, seven-item PHQ-9 fit 

Latina college students best, and displayed cross-cultural measurement invariance with 

Caucasian American female students (Granillo, 2012). Exploratory factor analysis also 

produced a two-factor model for a community sample of African American, Hispanic/

Latino/a, and African respondents, although the author did not assess cross-cultural 

measurement invariance (Morehead, 2012).

Other research on the factor structure of the PHQ-9 based on diagnosis, sex, or other 

grouping supports a variety of two-factor models with underlying somatic and non-somatic 

(cognitive/affective) latent factors. This includes research with patients with a range of 

psychiatric diagnoses (Beard et al., 2016), German men and women diagnosed with major 

depression (Petersen et al., 2014), British patients with persistent major depressive disorder 

(Guo et al., 2017), cancer patients (Hinz et al., 2016), palliative care patients (Chilcot et al., 
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2013), patients with stable coronary heart disease (de Jonge et al., 2007), Army National 

Guard soldiers at risk for depression (Elhai et al., 2012), and people with spinal cord injuries 

(Krause et al., 2008; Krause et al., 2010; Richardson and Richards, 2008). However, one 

study with people with spinal cord injuries supported both one- and two-factor models, 

although the two-factor model was not congruent between male and female genders 

(Kalpakjian et al., 2009). Another study found both one- and two-factor models to be 

measurement invariant both over time and across several demographic characteristics (e.g., 

sex, age, marital status, employment, education) for primary care patients in Spain 

(González-Blanch et al., 2018). However, the authors reported high latent factor correlation 

(0.86) for the two-factor model, lending support to the one-factor model. Other studies exist 

that support the one-factor model by Kroenke et al. (2001). These include research 

conducted with patients with multiple sclerosis or spinal cord injury (Chung et al., 2015), 

outpatient substance abusers (Dum et al., 2008), and Chinese adolescents and adults living in 

Hong Kong (Yu et al., 2012). Research in primary care and obstetrics-gynecology on the 

PHQ-8, which drops item nine on suicidality, also supported a one-factor model (Kroenke et 

al., 2010). Together with the mixed results of cross-cultural measurement invariance testing, 

these disparate findings suggest that the latent factor structure of the PHQ-9 differs for some 

groups.

In the present study, we aimed to fill a gap in the literature by evaluating the cross-cultural 

measurement invariance of the PHQ-9 depression scale between American Indian and 

Caucasian American (non-Hispanic White) adults. Figure 1 presents the six PHQ-9 factor 

models assessed in this study. These include the standard one-factor model (Kroenke et al., 

2001) and five two-factor models previously identified with other groups (de Jonge et al., 

2007; Granillo, 2012; Krause et al., 2008; Krause et al., 2010; Richardson and Richards, 

2008). Table S1 in the supplementary materials presents these and other two-factor models 

identified in the literature (note: this is not an exhaustive list; other studies could exist).

Methods

Study Population

The study population included 4,443 American Indian adults (18 years of age and over) and 

a random sample of 4,443 Caucasian American adults seeking care from a large, integrated, 

upper Midwestern healthcare system with locations in northern Minnesota, North Dakota, 

and Wisconsin. Inclusion criteria for either group included having at least one PHQ-9 total 

score in the healthcare system’s electronic health record (EHR) from 12/1/2005 to 

12/31/2017. The PHQ-9 was inconsistently utilized in the American Indian population; prior 

to this date range, PHQ-9 scores appeared only sporadically in the EHR.

Instrument

The PHQ-9 contains a subset of nine depression-related questions originally included in the 

self-reported Patient Health Questionnaire (PHQ) (Kroenke et al., 2001), which was 

designed for use in primary care settings (Spitzer et al., 1999). The PHQ-9 was previously 

employed in diagnosing major depressive disorder or other depression with the DSM-IV 
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(Kroenke et al., 2001), as well as major depressive disorder with the DSM-5 (American 

Psychological Association, 2013).

In the PHQ-9, individuals are asked to self-rate how often they experienced nine depression-

related “problems” in the past two weeks on a four-point scale: “not at all = 0,” “several 

days = 1,” “more than half the days = 2,” and “nearly every day = 3” (Kroenke et al., 2001). 

The PHQ-9 total score equals the sum of the 9 item scores and ranges from 0 to 27. Scores 

on the PHQ-9 represent varied levels of depression symptomology: 0-4 = minimal 

depression; 5-9 = mild depression; 10-14 = moderate depression; 15-19 = moderately severe 

depression; and 20-27 = severe depression (Kroenke et al., 2001). Kroenke et al. (2001) 

reported good levels of internal reliability for the PHQ-9 based on two samples (Cronbach’s 

alpha of 0.86 and 0.89). A recent pooled meta-analysis showed acceptable sensitivity 

(81.3%) and specificity (85.3%) across 16 studies assessing the linear (summed score) 

PHQ-9 for total scores >= 10, with a ROC of 97.5 (Mitchell et al., 2016).

Procedures

In this retrospective study, we analyzed a dataset composed of existing healthcare system 

EHR data. We excluded individuals who opted out of research at the healthcare system. 

Because we conducted a retrospective, EHR data-only study, we requested and received a 

waiver of informed consent from the healthcare system Institutional Review Board that 

approved this study.

The sample in this study included patients with self-reported EHR race data of either 

American Indian or Caucasian American. Hispanic ethnicity documentation includes “Yes”, 

“No”, or “Unknown”. Race is documented in the EHR as either White, American Indian, 

Black, Asian, Hispanic, or unknown. Patients can identify with multiple races; however, 

Caucasian Americans in our sample only identified as White and non-Hispanic. Other 

descriptive data elements extracted from the EHR included: sex; age; health insurance type; 

clinic Rural-Urban Commuting Area (RUCA) codes (United States Department of 

Agriculture, 2016); and depression diagnosis codes (ICD-9: 296.0-296.9, 300.4, 309.0, 

309.1, 311; ICD-10: F31, F31.0-F31.9, F32, F32.0-F34.9, F39) (National Center for Health 

Statistics, 2010; World Health Organization, 2012). We also generated two binary (Yes/No) 

indicator variables for PHQ-9 total scores 10-27 (moderate or greater depression) and 15-27 

(moderately-severe or greater depression, the diagnostic cut off for major depressive 

disorder). We used these binary indicators as dependent variables in multivariate logistic 

regression controlling for American Indian or Caucasian American race, mean-centered age, 

sex, having a major depression diagnosis in the past year, and clinic RUCA code. Due to the 

potential for differences in PHQ-9 response based on age, we also conducted subgroup 

analyses for those ages 65 and over in our sample. In this study, we report on only the 

sample’s first PHQ-9 scores in the EHR during the eligibility period 

(12/1/2005-12/31/2017).

Data Analysis

We conducted descriptive statistics, as well as bivariate analyses (chi-square [χ2] cross 

tabulations for nominal data and Mann Whitney U for nonparametric skewed continuous 
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data) and multivariate logistic regression to assess differences between groups in IBM® 

SPSS® Statistics Version 23.0 (IBM Corp, 2015). We performed two-tailed analyses with a 

significance level of .05. We also utilized R version 3.4.4 (R Core team, 2018) for 

polychoric correlations, internal consistency reliability, confirmatory factor analysis (CFA), 

and multigroup measurement invariance testing.

Due to the ordinal nature of PHQ-9 items, we employed weighted least squares means and 

variance adjusted (WLSMV) estimation for categorical data in both CFA and measurement 

invariance testing (Muthén and Muthén, 1998-2015). Brown (2015) reported that Mplus was 

the best software available for CFA modeling with categorical data. R’s “lavaan” package 

0.6-2 allows users to “mimic” Mplus in WLSMV estimation (Rosseel, 2018), which we 

utilized in our confirmatory factor and measurement invariance analyses. Regarding missing 

data, PHQ-9 total score data were complete. However, some PHQ-9 item scores were 

marked as “NA” at random in some EHR charts, representing a lack of item data. We 

assessed cases with “NA” for missing data patterns, recoded “NA” as blank for analysis, 

then dropped the associated cases from the confirmatory factor and measurement invariance 

analyses using listwise deletion as required with WLSMV estimation in R.

Internal Consistency Reliability.—Due to the categorical nature of PHQ-9 items, we 

present ordinal alpha (α) for internal consistency reliability analysis of all PHQ-9 factors 

tested. While Cronbach’s α (Cronbach, 1951) is more widely reported, it is based on 

Pearson covariance matrices for continuous data (Zumbo et al., 2007). Ordinal α provides 

more accurate estimates for ordinal-level items by basing α on polychoric correlation 

matrices (Zumbo et al., 2007). We also present item-rest correlations, or the correlation 

between an item and other items in a scale or factor excluding that item, based on ordinal α 
(Revelle, 2018). In this study, we calculated ordinal α and item-rest correlations using R’s 

“psych” package 1.8.10 (Revelle, 2018).

Confirmatory Factor Analysis.—We evaluated the one- and two-factor PHQ-9 models 

presented in Figure 1 for goodness of fit using CFA separately in both racial groups. We 

selected the two-factor models based on goodness of fit shown in prior testing with other 

populations (e.g., de Jonge et al., 2007; Granillo, 2012; Krause et al., 2008; Krause et al., 

2010; Kroenke et al., 2001; Richardson and Richards, 2008). Note that Richardson and 

Richards (2008) originally identified the two-factor model 2A for the 1-year post-spinal cord 

injury group. Also, the two-factor model 2E has only seven items, as Granillo (2012) 

dropped items 7 and 8 when they cross-loaded on more than one factor in exploratory factor 

analysis.

Regarding assessing CFA model fit, while a nonsignificant chi-square (χ2) is preferred, χ2 

is sensitive to sample size. As such, researchers commonly use other goodness of fit 

measures (Brown, 2015; Tran et al., 2017). These include comparative fit index (CFI) and 

Tucker-Lewis Index (TLI) > 0.90 and preferably near 1.00, root mean square error of 

approximation (RMSEA) < 0.05 or at most < 0.08, and standardized root mean square 

residual (SRMR) < 0.08 or at most < 0.10 (Steenkamp and Baumgartner, 1998; Vandenberg 

and Lance, 2000). We also report factor correlations for two-factor models, where 

correlations > 0.85 suggest multicollinearity (Brown, 2015).
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Measurement Invariance Testing.—We assessed the cross-cultural measurement 

invariance of the one- and two-factor PHQ-9 models that showed a good fit in CFA by 

testing three progressively constrained, or nested, models (Brown, 2015). We did so by first 

adding a constraint for equal latent factor structures (or patterns) between groups (configural 

invariance); otherwise, we freely estimated factor models between groups. A finding of 

configural invariance means the latent factor structure (i.e., number of latent factors and 

number of items composing each latent factor) is the same between groups. Next, we added 

a constraint for equal factor loadings to that of equal latent factor structures between groups 

(metric or weak invariance). When a scale exhibits metric invariance, this suggests that the 

meaning of latent factors is the same between groups. Finally, due to the ordinal nature of 

PHQ-9 items, we added a constraint for equal item thresholds along with the constraints for 

equal factor loadings and latent factor structures between groups (scalar or strong 

invariance). Findings of scalar invariance allow for comparing mean scores between 

different groups (Brown, 2015). Metric and scalar invariance are necessary to support multi-

group measurement invariance (Muthén & Asparouhov, 2002). Due to the restrictive nature 

in real world practice of adding a fourth common constraint to these nested models, equal 

item residuals (error terms) between groups (strict invariance) (Brown, 2015), we did not 

test this constraint in our study. Findings of configural, metric, and scalar invariance are 

sufficient for determining if a factor model is invariant between groups (Brown, 2015).

Measures of goodness of fit between nested measurement invariance models employed in 

this study include the scaled χ2 model difference test (χ2
diff) (Satorra and Bentler, 2001), as 

differences in χ2 are not distributed as χ2 in WLSMV estimation (Muthén and Muthén, 

1998-2015). Statistically nonsignificant (p > 0.05) χ2
diff between nested models supports 

measurement invariance. However, like other χ2 tests, χ2
diff is sensitive to sample size; even 

small differences between models may be significant due to large samples (Schermelleh-

Engel and Moosbrugger, 2003). Consequently, we followed Cheung and Rensvold (2002) 

where a change of −0.01 in CFI (ΔCFI) represents a difference between nested models. 

RMSEA, CFI, TLI, and SRMR values in the same ranges as in CFA are also preferred. 

Lastly, although weighted root mean square residual (WRMR) is experimental and not a 

replacement for SRMR (Muthén, 2016), Yu (2002) suggested that WRMR around 1.00 

shows a good fit.

Results

As shown in Table 1, females composed the largest share of the sample for both groups. Age 

ranged from 18 to 96 for the American Indian group and 18 to 98 for the Caucasian 

American group. Of those ages 65 and over, 924 were Caucasian American and 365 were 

American Indian (p < 0.001). Approximately 2% of American Indian adults also identified 

as Hispanic. Significantly more American Indian adults received care in clinics within rural 

areas and fewer in micropolitan and urban clinics than Caucasian American adults (p < 

0.001). Most members of the sample also had some form of health insurance with small, yet 

significant differences between racial groups. Regarding depression diagnoses, 41% of 

American Indian and 38% of Caucasian American adults had at least one depression 

diagnosis in the year prior to and including the index date (the date of the first PHQ-9 in the 

EHR during the eligibility period). Some had multiple depression diagnoses. Significantly 
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more American Indian adults (12%) had a major depressive disorder diagnosis as of the 

index date compared to Caucasian Americans (10%): χ2 = 11.48 (df = 1), p = 0.001. 

American Indian adults (14%) also had higher rates of being diagnosed with a major 

depressive disorder over the past year compared to Caucasian American adults (11%): χ2 = 

17.73 (df = 1), p < 0.001. American Indian adults (Mdn = 11) did have significantly higher 

median PHQ-9 total scores compared to the Caucasian American group (Mdn = 7) (p < 

0.001). American Indian adults (3%) also had significantly more bipolar disorder diagnoses 

in the past year than Caucasian American adults (2%): χ2 = 10.31 (df = 1), p = 0.001. 

Results for adults ages 65 and over (n = 1,289) are presented in Table S2 in the 

supplementary materials.

Polychoric correlations were high between PHQ-9 items 1 and 2 and items 6 and 2 for both 

American Indian (0.80) and Caucasian American (0.87 and 0.86, respectively) adults ages 

18 and over (Supplementary materials, Table S3). Item 9 had the lowest correlations over all, 

with the lowest correlation between items 9 and 4 in both groups (0.36 for American Indians 

and 0.42 for Caucasian Americans). Other item correlations ranged from 0.38 to 0.74 for 

American Indian adults and 0.45 and 0.78 for Caucasian American adults. Similar results 

were also found for adults ages 65 and over (Supplementary materials, Table S3).

Internal Consistency Reliability

Table 2 shows PHQ-9 item-rest correlations based on ordinal α for the standard one-factor 

model by racial group for adults ages 18 and over. Item-rest correlations for items 1-8 were 

above the preferred 0.70 for both American Indian and Caucasian American adults, while 

item 9 was 0.63 and 0.66 for each group, respectively. Item-rest correlations were quite 

similar between groups, suggesting cross-cultural equivalency (Tran et al., 2015). Median 

scores for each item, along with 25th and 75th percentiles, are also presented in Table 2. 

Significant differences were seen between both racial groups on all items. American Indian 

adults did have higher median scores on items 1, 2, 5, 6, and 7. Table S4 in the 

supplementary materials illustrates item internal consistency reliability and median scores 

for the subgroup ages 65 and over; of note, item 9 was the only item without a significant 

difference between racial groups.

Table 3 presents means, and standard errors, and ordinal α for all tested latent factors by 

racial group for those ages 18 and over. The standard one-factor model had the highest 

ordinal α for both groups (American Indian α = 0.94, Caucasian American α = 0.95), 

internal consistency reliability estimates that were slightly better than the levels of 

Cronbach’s α (0.89 and 0.86) reported for two samples by Kroenke et al. (2001). All other 

factors showed good (> 0.80) to excellent (> 0.90) levels of ordinal α. Compared to 

Caucasian American adults, American Indian adults had higher mean scores on each factor, 

comparable standard errors, and slightly lower ordinal α. In the subgroup analysis of those 

ages 65 and over (Supplementary material, Table S5), mean factor scores were still higher 

for American Indian older adults. Ordinal α, still ranging from good (> 0.80) to excellent (> 

0.90), was also higher for this group compared to Caucasian Americans for some factors.
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Confirmatory Factor Analysis

Based on CFA goodness of fit indexes, all tested models had good fits for both racial groups 

in those ages 18 and over (Table 4) and the subgroup of adults ages 65 and over 

(Supplementary materials, Table S6). For the 18 and over group, the two-factor model 2E 

with seven items and Affective and Somatic factors presented the best fit, followed by the 

two-factor model 2B with nine items and Non-Somatic and Somatic factors, although the 

standard one-factor model showed a good fit as well. Similar results were seen for the 

subgroup ages 65 and over; however, while all models showed excellent fits, after model 2E, 

model 2B had the best fit for American Indian adults, and model 2A for Caucasian 

American adults in this subgroup.

Regardless of factor model or group in those 18 and over, standardized item loadings were 

all > 0.700 for items 1 through 7, with item 8 having loadings between 0.600 and 0.700, and 

item 9 having loadings between 0.400 and 0.500 (Supplementary materials, Table S7). 

Correlations between the two-factor models were all high (> 0.85), ranging from 0.920 to 

0.985 for Caucasian American adults and 0.904 to 0.943 for American Indian adults 

(Supplementary materials, Table S7). Similar good fits were seen for those 65 and over, 

along with high factor correlations (> 0.85) and some slightly lower standardized item 

loadings for all two-factor models (Supplementary materials, Table S7).

Measurement Invariance Testing

All tested models displayed configural, metric, and scalar invariance between American 

Indian and Caucasian American adults ages 18 and over (Table 5). While no model had a 

nonsignificant χ2
diff, changes in χ2 between nested models were small, suggesting sample 

size affected the significance of χ2
diff. Furthermore, ΔCFI did not exceed −0.01 and all CFI 

values were > 0.99. Model 2E fit best, followed by 2B, 2A, 2D, 2C, and the standard one-

factor model. All tested models were also measurement invariant in subgroup analyses of 

those ages 65 and over, with 2E showing the best fit, followed by 2B, 2A, 2C, 2D, and the 

standard one-factor model (Supplementary materials, Table S8). However, given the high 

levels (> 0.85) of factor correlations for two-factor models, the one-factor model appears to 

fit the data best for this sample of American Indian adults.

Multivariate Logistic Regression

Multivariate logistic regression models showed that American Indian adults 18 and over had 

significantly higher odds of having a PHQ-9 total score >= 10 (OR = 1.53, 95% CI = 

1.40-1.68, p < .001) and >=15 (OR = 1.64, 95% CI = 1.48-1.82, p < .001) than Caucasian 

American adults (see Table 1). When looking at the subgroup ages 65 and over, American 

Indian older adults also had significantly higher odds of PHQ-9 total scores >=10 (OR = 

1.41, 95% CI = 1.07-1.88, p = .016) and >= 15 (OR = 1.54, 95% CI = 1.04-2.27, p = .030) 

(Supplementary materials, Table S2).

Discussion

Culturally sensitive screening tools are necessary for assessing depression across diverse 

populations. In this study, we addressed a gap in the literature on the cross-cultural 
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measurement invariance of the PHQ-9 depression scale with American Indian adults. We did 

so by testing the standard one-factor model and five previously identified two-factor models, 

finding that the PHQ-9 performed similarly between American Indian and Caucasian 

American adults seen in an upper Midwestern healthcare system. All tested models 

displayed good to excellent levels of internal consistency reliability based on ordinal α. The 

models also had good CFA fits and were all cross-culturally measurement invariant for the 

full adult sample ages 18 and over, as well as for adults ages 65 and over. This included the 

standard one-factor model typically used in clinical practice to calculate the total PHQ-9 

score (Kroenke et al., 2001). This suggests that PHQ-9 total scores can be meaningfully 

compared between American Indian and Caucasian American adults in populations like our 

study. As such, we also found significant differences related to PHQ-9 total scores between 

American Indian and Caucasian American adults in multivariate logistic regression models, 

with American Indian adults having significantly greater odds of higher total scores 

regardless of age group. This suggests an opportunity for enhancing depression clinical care 

for this population.

While all models were cross-culturally invariant between racial groups, findings that two-

factor models fit the sample better than the standard one-factor model support previous 

research on two-factor models (e.g., Beard et al., 2016; Chilcot et al., 2013; Elhai et al., 

2012; Krause et al., 2008; Krause et al., 2010; Morehead, 2012; Petersen et al., 2014; 

Richardson and Richards, 2008). This suggests that the PHQ-9 may be assessing more than 

one latent factor, such as those related to somatic and affective depression symptomology. 

However, little difference was seen between fit indexes for competing two-factor models, 

supporting their equivalence for this sample. Also, the high factor correlations seen in all 

tested two-factor models suggest that factors could be combined (Brown, 2015), as they are 

in the standard one-factor PHQ-9. In addition to multicollinearity, high factor correlations 

may also suggest the presence of an over-arching latent bifactor (Holzinger & Swineford, 

1937). Future research could assess the usefulness of a bifactor PHQ-9 model.

Nevertheless, the one-factor model used in clinical care for calculating the PHQ-9 total score 

was cross-culturally measurement invariant and showed a good fit between groups. This 

finding supports the use of the standard summed score one-factor PHQ-9 in assessing levels 

of depression for American Indian adults similar to our sample. Our findings of cross-

cultural measurement invariance of the one-factor PHQ-9 model also allows us to make 

meaningful comparisons in PHQ-9 total scores for the sample in our study. We found that 

American Indian adults had significantly higher median and mean PHQ-9 total scores and 

were more likely to have a score >= 10 or >= 15, signifying a higher level of depression 

symptomology than Caucasian American adults. Given the scarcity of epidemiological data 

on depression prevalence and incidence in the American Indian population (Garrett et al., 

2015; Kisely et al., 2017), these findings are important to note as they may represent an 

opportunity to positively impact patient care by identifying American Indian adults 

displaying symptoms of depression and linking them with culturally competent treatment 

resources. Furthermore, strengths-focused perspectives, such as emphasizing positive mental 

health (Kading et al., 2015) and resilience (Goodkind et al., 2015) with American Indian 

people, may provide a counterpoint to pathology-focused assessments of depression 

symptomology.
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Lastly, item 9 loaded lower than other PHQ-9 items regardless of the factor model or racial 

group. Recent research has shown the predictive utility of item 9 in assessing suicidality 

(Coleman et al., 2018; Simon et al., 2013; Simon et al., 2016). Future research could 

consider developing additional questions related to suicidality for the PHQ-9 and creating a 

separate factor that assesses suicide risk. Dube and colleagues (2010) did develop the P4, a 

four-item suicide screener that assesses: whether a patient made a past suicide attempt; has a 

plan; the probability they will complete suicide; as well as preventative factors. The P4 is 

triggered by a positive response to the PHQ-9 item 9 (Dube et al., 2010).

Limitations

Data for this study came from a single healthcare system in the upper Midwest. We also 

could not conduct convergent validity analyses due to a lack of other depression scales 

employed in the healthcare system. However, other research assessing the convergent 

validity of the PHQ-9 with American Indian populations is available (e.g., Heck, 2018), a 

model future research could follow. Furthermore, due to journal word limits, low 

percentages of other minority racial and ethnic groups seen in the healthcare system, and 

previous research reporting on the measurement invariance of the PHQ-9 with other racial 

and ethnic groups in the U.S. (e.g., Granillo, 2012; Keum et al., 2018; Merz et al., 2011; 

Morehead, 2012), we limited our analyses to comparing American Indian adults with the 

dominant Caucasian American group. Moreover, while the PHQ-9 total score measures 

depression symptom severity (Kroenke et al., 2001), item 9 is predictive of suicidality 

(Coleman et al., 2018; Simon et al., 2013; Simon et al., 2016). However, only a small 

number of individuals in this study had evidence of attempted or completed suicide in the 

EHR (based on ICD-9 or ICD-10 diagnosis codes). Consequently, we were unable to assess 

and compare the sensitivity and specificity of item 9 as a screening measure for attempted or 

completed suicide for American Indian adults. Future research should explore the predictive 

utility of item 9 in assessing suicide likelihood.

Conclusion

The PHQ-9 showed a good fit and cross-cultural equivalency in all tested models between 

American Indian and Caucasian American adults in this upper Midwestern population. The 

standard one-factor model used by clinicians in calculating PHQ-9 depression scores, 

assessing depression severity, and diagnosing major depressive disorder appears acceptable 

for use with American Indian adults. Our results also showed that American Indian adults 

had significantly higher odds of PHQ-9 total scores signifying moderate to moderately-

severe depression compared to Caucasian American adults. Future research with larger 

samples could examine the predictive utility of question 9 in assessing suicide risk, as well 

as determine whether these findings generalize to other populations of American Indian 

people.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• The PHQ-9 was invariant for American Indian and Caucasian American 

adults.

• 1- and 2-factor models tested were equivalent between groups.

• Due to high factor correlations for 2-factor models, the 1-factor model may be 

best.

• The PHQ-9 is a suitable depression scale for American Indian adults in 

clinical care.
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Figure 1. 
Tested one- and two-factor PHQ-9 models.
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Table 1.

American Indian and Caucasian American adult demographics.

American Indian (n = 
4,443)

Caucasian American (n 
= 4,443)

Demographics Count (%) Count (%) p

Age Mdn (M, SD, range)
a 38 (40.41, 15.88, 18-96) 47 (47.25, 19.07, 18-98) < 0.001

Age >=65 (n = 1,289)
a 365 (28%) 924 (72%) < 0.001

Clinic RUCA code
b

 Rural (1-3) 2,386 (54%) 1,295 (29%) < 0.001

 Micropolitan (4-6) 668 (15%) 1,030 (23%) < 0.001

 Urban (7-10) 1,389 (31%) 2,118 (48%) < 0.001

Diagnosis at index date (first PHQ-9 

administration)
b,c

 Major depressive disorder 528 (12%) 429 (10%) 0.001

 Major depressive disorder in remission 17 (<1%) 17 (<1%) 1.00

Depression diagnoses during the past year
b,c

 Bipolar disorder 123 (3%) 78 (2%) 0.001

 Bipolar disorder in remission 83 (2%) 58 (1%) 0.034

 Major depressive disorder 639 (14%) 506 (11%) < 0.001

 Major depressive disorder in remission 27 (<1%) 30 (<1%) 0.690

 Other depression diagnosis 1,043 (24%) 1,085 (24%) 0.296

 Other mood disorder 165 (4%) 145 (4%) 0.569

Female
b 3,056 (69%) 2,923 (66%) 0.003

Health Insurance Type
b

 Insurance 3,965 (89%) 4,088 (92%) 0.001

 Self-pay 329 (7%) 256 (6%) 0.001

 Unknown 149 (3%) 99 (2%) 0.001

Hispanic 82 (2%) 0 (0%) n/a

 Refused 10 (<1%) 0 (0%) n/a

 Unknown 3 (<1%) 0 (0%) n/a

Total PHQ-9 Score Mdn (M, SD, range)
a 11 (10.96, 7.14, 0-27) 7 (8.29, 6.74, 0-27) < 0.001

  Total PHQ-9 Score >=10
b 2,408 (54%) 1,750 (39%) < 0.001

  Total PHQ-9 Score >=15
b 1,476 (33%) 895 (20%) < 0.001

Logistic Regression Results (Ages 18 and Over, n = 8,886)
d

PHQ-9 >=10 PHQ-9 >=15

Independent Variables OR CI p OR CI p

American Indian 1.53 1.40-1.68 <0.001 1.64 1.48-1.82 <0.001

Female 0.91 0.83-0.99 0.040 0.96 0.86-1.06 0.421
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American Indian (n = 
4,443)

Caucasian American (n 
= 4,443)

Demographics Count (%) Count (%) p

Mean-centered age 0.98 0.98-0.99 <0.001 0.98 0.98-0.99 <0.001

Major depression diagnosis in the past year 3.50 3.04-4.03 <0.001 3.03 2.66-3.45 <0.001

Urban RUCA code 0.78 0.71-0.87 <0.001 0.76 0.68-0.84 <0.001

Micropolitan RUCA code 0.77 0.68-0.87 <0.001 0.73 0.63-0.84 <0.001

Model Fit

 χ2 (df) 763.17 (6) <0.001 650.45 (6) <0.001

 Cox-Snell R2 .08 .07

 Nagelkerke R2 .11 .10

 Hosmer-Lemeshow Test χ2 (df) 17.33 (8) 0.027 27.17 (8) 0.001

Note. CI = Confidence interval. df = Degrees of freedom. M = Mean. Mdn = Median. n/a = Not applicable. OR = Odds ratio. SD = Standard 

deviation.. χ2 = Chi-square.

a
Wilcoxon Rank Sums.

b
Chi-square cross tabulation.

c
Individuals could have more than one depression diagnosis.

d
Comparison is a male Caucasian American of average age who did not have a major depression diagnosis in the past year, and the PHQ-9 clinic 

location had a rural RUCA code.
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Table 2.

PHQ-9 descriptive statistics for American Indian and Caucasian American adults ages 18 and over.

American Indian Caucasian American

Percentiles Percentiles

PHQ-9 Items

Item-Rest 

Correlation
a

Mdn 25th 75th n

Item-Rest 

Correlation
b

Mdn 25th 75th n p
c

1. Little interested or pleasure 
in doing things

0.80 2 0 3 3,282 0.87 0 0 2 3,296 < 0.001

2. Feeling down, depressed, 
or hopeless

0.86 2 0 3 3,210 0.90 0 0 2 3,180 < 0.001

3. Trouble falling or staying 
asleep, or sleeping too much

0.73 2 1 3 3,454 0.76 2 0 3 3,428 < 0.001

4. Feeling tired or having 
little energy

0.73 2 1 3 3,256 0.75 2 0 3 3,225 < 0.001

5. Poor appetite or overeating 0.74 1 0 3 3,407 0.78 0 0 2 3,495 < 0.001

6. Feeling bad about yourself 
– or that you are a failure or 
have let yourself or your 
family down

0.85 1 0 3 3,378 0.85 0 0 2 3,450 < 0.001

7. Trouble concentrating on 
things, such as reading the 
newspaper or watching 
television

0.79 1 0 3 3,460 0.82 0 0 2 3,520 < 0.001

8. Moving or speaking so 
slowly that other people could 
have noticed

0.71 0 0 2 3,500 0.74 0 0 0 3,681 < 0.001

9. Thoughts that you would 
be better off dead or of 
hurting yourself in some way

0.60 0 0 0 3,657 0.66 0 0 0 3,830 < 0.001

Note. Mdn = Median. Items 1-9 ranged from 0-3. Some item data were missing. Medians are presented rather than means due to the skewed nature 
of PHQ-9 item data.

a
n = 1,806.

b
n = 1,811.

c
Wilcoxon Rank Sums.
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Table 3.

Factor scores, standard errors, and ordinal alpha for tested models for American Indian and Caucasian 

American adults ages 18 and over.

American Indian Caucasian American

Tested Models Mean (SE) α n Mean (SE) α n

1) One-factor PHQ-9
a 11.41 (0.19) 0.94 1,806 7.93 (0.18) 0.95 1,811

2A) Two-factor PHQ-9
b

 Factor 1 7.40 (0.10) 0.89 2,282 5.31 (0.10) 0.90 2,223

 Factor 2 4.23 (0.08) 0.90 2,411 2.85 (0.07) 0.92 2,482

2B) Two-factor PHQ-9
c

 Factor 1 5.32 (0.06) 0.86 2,686 4.21 (0.06) 0.88 2,588

 Factor 2 6.11 (0.12) 0.92 2,149 3.85 (0.10) 0.94 2,245

2C) Two-factor PHQ-9
d

 Factor 1 8.88 (0.13) 0.91 2,123 6.27 (0.13) 0.92 2,050

 Factor 2 2.78 (0.05) 0.87 2,622 1.88 (0.05) 0.90 2,722

2D) Two-factor PHQ-9
e

 Factor 1 6.15 (0.08) 0.86 2,443 4.59 (0.08) 0.87 2,386

 Factor 2 5.38 (0.10) 0.91 2,260 3.51 (0.09) 0.93 2,322

2E) Two-factor, seven-item PFtQ-9
f

 Factor 1 4.23 (0.08) 0.90 2,411 2.85 (0.07) 0.92 2,482

 Factor 2 5.32 (0.06) 0.86 2,686 4.21 (0.06) 0.88 2,588

Notes. SE = Standard error. α = Ordinal alpha (Zumbo et al., 2007). Count data unless otherwise specified. Factor means, standard errors, and 
ordinal alpha were calculated only with complete data on all included PHQ-9 questions. Rounded to nearest hundredth place.

a
Kroenke et al. (2001).

b
Richardson and Richards (2008).

c
Krause et al. (2008).

d
Krause et al. (2010).

e
de Jonge et al. (2007).

f
Granillo (2012).
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Table 4.

Confirmatory factor analysis results for tested one- and two-factor PHQ-9 models by American Indian and 

Caucasian American group (ages 18 and over).

Models n χ2 (df) CFI TLI RMSEA (CI) SRMR

1) One-Factor
a

 American Indian 1,806 133.29 (27)*** 0.995 0.993 0.047 (0.039-0.055) 0.039

 Caucasian American 1,811 101.38 (27)*** 0.996 0.995 0.039 (0.031-0.047) 0.040

2A) Two-Factor
b

 American Indian 1,806 108.56 (26)*** 0.996 0.994 0.042 (0.034-0.050) 0.036

 Caucasian American 1,811 78.18 (26)*** 0.997 0.996 0.033 (0.025-0.042) 0.036

2B) Two-Factor
c

 American Indian 1,806 95.83 (26)*** 0.997 0.995 0.039 (0.030-0.047) 0.034

 Caucasian American 1,811 70.27 (26)*** 0.998 0.997 0.031 (0.022-0.039) 0.035

2C) Two-Factor
d

 American Indian 1,806 121.76 (26)*** 0.995 0.994 0.045 (0.037-0.053) 0.037

 Caucasian American 1,811 90.73 (26)*** 0.997 0.995 0.037 (0.029-0.046) 0.038

2D) Two-Factor
e

 American Indian 1,806 118.77 (26)*** 0.995 0.994 0.044 (0.037-0.053) 0.037

 Caucasian American 1,811 83.42 (26)*** 0.997 0.996 0.035 (0.027-0.043) 0.038

2E) Two-Factor
f

 American Indian 1,947 48.09 (13)*** 0.997 0.996 0.037 (0.026-0.049) 0.030

 Caucasian American 1,931 29.85 (13)*** 0.999 0.998 0.026 (0.014-0.038) 0.027

Note. CI = Confidence interval. df = Degrees of freedom. Acceptable fits include non-significant χ2, RMSEA < 0.05 or at most < 0.08, CFI and 
TLI > 0.90 and preferably > 0.95, and SRMR < 0.05 or at most < 0.10 (Steenkamp and Baumgartner, 1998; Vandenberg and Lance, 2000).

***
p < 0.001.

a
Kroenke et al. (2001).

b
Richardson and Richards (2008).

c
Krause et al. (2008).

d
Krause et al. (2010).

e
de Jonge et al. (2007).

f
Granillo (2012).
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Table 5.

Measurement invariance testing for one- and two-factor PHQ-9 models between American Indian and 

Caucasian American adults ages 18 and over.

Models χ2 (df) χ2
diff (df)

a CFI ΔCFI TLI RMSEA (CI) SRMR WRMR

1) One-Factor
b

 Configural 234.75 (54)*** 0.995 0.994 0.043 (0.037-0.049) 0.036 2.09

 Metric 366.17 (62)*** 70.32 (8)*** 0.992 −0.003 0.991 0.052 (0.047-0.057) 0.043 2.60

 Scalar 381.50 (70)*** 30.43 (8)*** 0.992 0.000 0.992 0.050 (0.045-0.055) 0.044 2.66

2A) Two-Factor
b

 Configural 186.80 (52)*** 0.997 0.995 0.038 (0.032-0.044) 0.033 1.86

 Metric 318.75 (59)*** 70.22 (7)*** 0.993 −0.004 0.992 0.049 (0.044-0.055) 0.040 2.43

 Scalar 333.92 (66)*** 31.12 (7)*** 0.993 0.000 0.993 0.047 (0.042-0.052) 0.041 2.49

2B) Two-Factor
b

 Configural 166.15 (52)*** 0.997 0.996 0.035 (0.029-0.041) 0.031 1.75

 Metric 255.08 (59)*** 47.89 (7)*** 0.995 −0.002 0.994 0.043 (0.038-0.048) 0.037 2.17

 Scalar 269.51 (66)*** 29.94 (7)*** 0.995 0.000 0.994 0.041 (0.036-0.046) 0.038 2.23

2C) Two-Factor
b

 Configural 212.57 (52)*** 0.996 0.994 0.041 (0.036-0.047) 0.034 1.98

 Metric 337.33 (59)*** 66.01 (7)*** 0.993 −0.003 0.991 0.051 (0.046-0.056) 0.041 2.50

 Scalar 351.75 (66)*** 29.12 (7)*** 0.993 0.000 0.992 0.049 (0.044-0.054) 0.042 2.55

2D) Two-Factor
b

 Configural 202.26 (52)*** 0.996 0.995 0.040 (0.034-0.046) 0.035 1.94

 Metric 330.23 (59)*** 68.00 (7)*** 0.993 −0.003 0.992 0.050 (0.045-0.056) 0.042 2.47

 Scalar 345.73 (66)*** 31.57 (7)*** 0.993 0.000 0.992 0.048 (0.043-0.054) 0.043 2.53

2E) Two-Factor
c

 Configural 77.96 (26)*** 0.998 0.997 0.032 (0.024-0.040) 0.025 1.49

 Metric 101.28 (31)*** 15.42 (5)** 0.998 0.000 0.997 0.034 (0.027-0.042) 0.028 1.70

 Scalar 112.35 (36)*** 23.80 (5)*** 0.997 −0.001 0.997 0.033 (0.026-0.040) 0.030 1.79

Note. CI = Confidence interval. df = Degrees of freedom. Δ = Change between nested models. Preferred fit indexes: nonsignificant χ2 and χ2diff; 

ΔCFI no more than −0.01; CFI and TLI at least > 0.90 and preferably > 0.95; REMSEA < 0.05 or at most < 0.08; SRMR < 0.08 or at most < 0.10; 
WRMR around 1.00 (Bentler, 1990; Cheung and Rensvold, 2002; Steenkamp and Baumgartner, 1998; Vandenberg and Lance, 2000; Yu, 2002).

**
p < 0.01.

***
p < 0.001.

a
Satorra and Bentler (2001) scaled χ2diff test.

b
American Indian n = 1,806; Caucasian American n = 1,811.
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c
American Indian n = 1,947; Caucasian American n = 1,931.

J Affect Disord. Author manuscript; available in PMC 2020 July 01.


	Abstract
	Introduction
	Methods
	Study Population
	Instrument
	Procedures
	Data Analysis
	Internal Consistency Reliability.
	Confirmatory Factor Analysis.
	Measurement Invariance Testing.


	Results
	Internal Consistency Reliability
	Confirmatory Factor Analysis
	Measurement Invariance Testing
	Multivariate Logistic Regression

	Discussion
	Limitations
	Conclusion

	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.

