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Online supplement DS1
Differential item functioning (DIF) analysis

The following eight tables present the results of the analysis for differential item functioning (DIF) in
more detail. Details on the steps of the procedure will be presented using the example of the first item
of the PHQ-9 (PHQ1) at the first available assessment (tables DS1 and DS2). All models were
estimated in Stata 14 (StataCorp, College Station, Texas, 2015).

For unidimensional and unbiased instruments it would be expected that the response of a single item
can be predicted to a large extent with an estimate of the latent variable that the instrument is
supposed to measure. DIF would be deemed to present in a specific item, if after controlling for the
latent variable other variables would still be predictive of the item response. Approaches based on
logistic regression models!’ operationalise this straight forwardly: In a first step, the item to be tested
is regressed upon an estimate of the latent trait and in a second step the variable is added that is tested
for potential bias. In our example, the estimate of the latent trait when predicting PHQ1 was generated
with a Generalised Partial Credit Model®* for items PHQ2-PHQ9. In the first step (columns "Trait" in
all tables), only this estimate was used to predict the response to item PHQ9 with an ordinal logistic
regression model. The tables present the Pseudo-R? (e.g., .242 for PHQL, table DS1) as well as the
result of the comparison between this model and the baseline model without any predictors (Wald-
=1 = 12630.59; p<.001; table DS1). This comparison is highly significant and a relevant amount of
variance in PHQ1 responses is explained, which indicates that items and trait are highly correlated as
to be expected. This result is found for all items (across all tables).

In the second step of this approach, the grouping variable is added (columns "Trait + LTC" in all
tables), in our case "no LTC vs. any LTC" (table DS1). The comparison test compares now the model
including two predictors with the model with only the estimate of the latent variable (Wald-
yiar=1 = 11.82; p<.001; table DS1). And while this test is highly significant (suggesting the potential of
DIF), the main interpretation for the relevance of DIF is the comparison of the Pseudo-R? values of the
two models. Generally a cut-off of >0.035 is judged to be indicative of DIF that could potentially
affect group comparisons®’. In this case, as well as for all other comparisons presented between these
two models the differences in Pseudo-R? are well below this cut off, suggesting that the significant
effects found in some comparisons are due to the statistical power of the large sample size.

The two steps so far have tested whether there is a constant difference in the probability of endorsing
certain symptoms, in this case whether for example the group with any LTC shows, after controlling
for distress, a higher or lower probability across the whole severity spectrum. This is usually called
"uniform DIF".% But one could also imagine the case that the severity and LTC presence interact, e.g.,
that patients with higher levels of distress and an LTC are more likely to respond in the top categories
of PHQ1. Such an effect would be called "non-uniform" DIF® and is tested for by adding in a third
model the interaction term between the latent variable estimate and the grouping variable (columns
"Trait X LTC" in all tables). The model test compares now the model including the interaction term
with the model that contains only the latent variable estimate and the grouping variable. In the chosen
example, this test is not significant (Wald-y2s-1 = 3.26; p=.07; table DS1), which indicates that the
interaction term does not add any information above and beyond the independent effects of the two
variables. Again, the relevant result would be if a difference in Pseudo-R2 values would be detected



between this model and either the "Trait" or the "Trait + LTC" models, which is not the case for any
of the tested items.

Per outcome measure (PHQ-9 and GAD-7) and assessment (first and last available) two tables are
presented each: the first of these shows the results for no "LTC vs any LTC", while the second one
presents the analyses with the LTC categories as used in the regression analysis presented in the main
body of the research manuscript.

Overall, the increases in Pseudo-R? values for all items and all comparisons are very low, indicating
that DIF is unlikely to have an impact on the results at either first or last assessments with both
instruments

Table DS1 Results for DIF analyses of the PHQ-9 responses at the first recorded assessment
comparingany LTCvsno LTC

Pseudo-R? Wald-y (p-value)
Trait Trait+ LTC Trait X LTC Trait? Trait+ LTC?* Trait X LTC®

PHQL 242 243 243 %523000?? (p1<:L.§(J21) (pibz.?ﬂ)
PHQ2 275 275 275 %539(?01? (pié)éZ) (pgé;)
PHQ3 136 136 136 Zpi?’g;ﬁ (pzjbzgl) (pg8;9)
PHQ4 170 171 171 (8p9<38(;119) (p5<4..(;1051) (pig.i?))
PHQ5 133 133 133 333<120217) (pig(7)2) (pgégO)
PHQ6 180 180 180 (i)9<080718) (p2<2.62§1) (pg.(?.S;G)
PHQ7 158 158 158 (9[)6<780619) (pg'olél) (pgg’.éS)
PHQ8 106 106 106 (6;36<5é§19) (pljggl) (pibl.é4)
oS o1 o1 121 6005.02 9.36 0.25

(p<.001)  (p=0.002) (p=0.62)

Note. ®Degrees of freedom =1



Table DS2: Results for DIF analyses of the PHQ-9 responses at the first recorded assessment
comparing all LTC groups (no LTC as reference category)

Pseudo-R2 Wald-y> (p-value)
Trait Trait+ LTC Trait X LTC Trait? Trait+ LTC® Trait X LTCP
PHQ1 242 243 243 %533&?? (p4ji)1(§)1) (pzzld?(?l)
PHQ2 275 275 275 %5393015’ (nggg) (plzsdifsa)
PHQ3 136 137 137 (7p6<3:(3)(;115) (p3<1..C;1C?1) (piozgl)
T S oy N o A
PHQ5 133 133 133 (i)ilg()zl?) (p1=7(5.2015) (pg'Ol.iB)
s as s am RIR S R
PHQ7 158 158 -158 (9p6<730619) (p1=5(5?077) (p1=76.5c§34)
PHQS 106 106 107 (6;)(15%51% (pzj '(?071) (piﬁia)
PHQ9 121 121 121 3,0<Og(§)12) (pig:é&) (pi§34)

Note. 2Degrees of freedom = 1; ®Degrees of freedom =9

Table DS3: Results for DIF analyses of the PHQ-9 responses at the last recorded assessment
comparingany LTCvsnoLTC

Pseudo-R? Wald-y? (p-value)
Trait Trait+ LTC Trait X LTC Trait? Trait+ LTC* Trait X LTC?
PHO1 407 407 407 %Silfo‘if (piiig?) (p=8(5-76103)
PHQ2 396 396 397 %3330801? (pgé).gl) (piggz)
PHQ3 252 252 253 %ﬁzgfoi? (p2<6..06(§31) (pibz.éZ)
PHQ4 298 298 298 %32407025% (p33t?c>71) (pgg.gS)
PHQ5 247 248 248 %;Z%ad%l (pi'gf;l) (pi'(%s)
PHQ6 317 317 317 %Siggo%) (p1<6.'c?011) (pgi%@
PHQ7 306 306 306 %324802;’ (pg'oz.%ss) (pi§g9)
PHQS8 244 244 244 23286113) (pf(.)%OZOZ) (pgé).gn
PHQY 253 253 23 Ty (ool (=089

Note. ®Degrees of freedom =1



Table DS4: Results for DIF analyses of the PHQ-9 responses at the last recorded assessment
comparing all LTC groups (no LTC as reference category)

Pseudo-R2 Wald-y2 (p-value)
Trait Trait+ LTC Trait X LTC Trait? Trait + LTC® Trait X LTCP
PHQ1 407 407 407 14115.43 27.04 10.36
(p<.001) (p=0.001) (p=0.32)
PHQ2 .396 397 397 14438.18 12.14 8.59
(p<.001) (p=0.21) (p=0.48)
PHQ3 252 .253 .253 12792.29 36.98 12.32
(p<.001) (p<.001) (p=0.20)
PHQ4 .298 .298 .298 13947.03 49.56 9.67
(p<.001) (p<.001) (p=0.38)
PHQ5 247 .248 .248 11793.81 16.95 18.08
(p<.001) (p=0.05) (p=0.03)
PHQ6 317 318 318 13498.00 39.79 11.34
(p<.001) (p<.001) (p=0.25)
PHQ7 .306 .306 .306 13049.03 17.23 7.31
(p<.001) (p=0.04) (p=0.61)
PHQ8 244 .245 .245 9353.13 31.10 22.32
(p<.001) (p<.001) (p=0.01)
PHQ9 253 253 254 6238.94 8.90 10.83
(p<.001) (p=0.45) (p=0.29)

Note. 2Degrees of freedom = 1; ®Degrees of freedom =9

Table DS5: Results for DIF analyses of the GAD-7 responses at the first recorded assessment
comparing any LTCvsno LTC

Pseudo-R? Wald-y2 (p-value)
Trait Trait+LTC Trait X LTC Trait? Trait+ LTC* Trait X LTC?
GAD1 238 238 238 %;go(?o%) (pg'olél) (pibl.?ﬂ)
GAD2 332 332 333 %533301)1 (pgégS) (p:1<)2.§<§304)
GAD3 329 329 329 %siogoif (pi'oz.gn (pgé).S;G)
GAD4 218 218 218 %;35020%)’ (pfﬁ(?l) (pS'SE’M)
caps a8 awe oae 200 W A%
GAD6 088 088 088 (5;)8:1.85113; (p:76.2507) (pig.?)s)
GAD7 148 148 148 2,2338116) (p=7C.)f30707) (pié).?lG)

Note. ®Degrees of freedom =1



Table DS6: Results for DIF analyses of the GAD-7 responses at the first recorded assessment
comparing all LTC groups (no LTC as reference category)

Pseudo-R2 Wald-y2 (p-value)
Trait Trait+ LTC Trait X LTC Trait® Trait+ LTC® Trait X LTCP

GAD1 238 238 238 %;Sooooi? (pgbz.il) (p2g1737)
a2 a: am aw o golt o B0
GAD3 329 330 330 %530(?01;1 (p1=66.7c?5) (piggS)
ooeas ae e WE® o mmo am
GAD5 118 119 119 (7p7<1.?)§17) (p4<4..05C:)31) (pgbl.iz)
cADe  oss om0 GEOON (B os)
GAD7 148 148 148 9292.46 2491 o2t

(p<.001)  (p=0.003) (p=0.71)

Note. 2Degrees of freedom = 1; ®Degrees of freedom =9

Table DS7: Results for DIF analyses of the GAD-7 responses at the last recorded assessment
comparingany LTCvs. no LTC

Pseudo-R? Wald-y2 (p-value)
Trait Trait+LTC Trait X LTC Trait? Trait+ LTC* Trait X LTC?
GAD1 384 384 384 %3?026?? (pﬂg_?,,?) (piﬁgg)
GAD2 461 461 461 %;‘Z%Ooi)z (pig?@ (pigg“)
GAD3 455 455 455 %;‘Z%?f (pggs.iZ) (pggé@
GAD4 343 343 344 %32‘,1&%? (piétz)a) (pig’-?z)
GAD5 260 260 .260 %;34650?; (p1<5.'o7c§31) (pig.gl)
GAD6 234 235 235 %5255091’;3 (pigg@ (pib:L.?4)
GAD? 288 288 288 %539060%3 (piggZ) (pgk?.gS)

Note. ®Degrees of freedom =1



Table DS8: Results for DIF analyses of the GAD-7 responses at the last recorded assessment
comparing all LTC groups (no LTC as reference category)

Pseudo-R2 Wald-y (p-value)
Trait Trait+ LTC Trait X LTC Trait? Trait+ LTC® Trait X LTCP
GAD1 384 384 0Ty peoon o2
GAD2 461 461 461 (1p4198§12) (p1=2(5.2240) (plzgdfs)
GAD3 455 455 455 (1p418.86613) (pi§g8) (pibl.gO)
GAD 343 a4 34 U ooy (peodo)
GADS 260 261 w1 0Z0m  peoy  (p00n)
GAD6 234 235 235 (1p235.35’8 (p3<2.§(§31) (plfdfl352)
GAD7 288 288 288 giggfg (ngil) (p]fd:_gl?S)

Note. 2Degrees of freedom = 1; ®Degrees of freedom =9

Online supplement DS2

Assessing the impact of LTC on post-treatment depression (PHQ-9) and anxiety (GAD-7): Low
versus high intensity treatment pathways

To test for potential interaction effects of the intensity of treatment provided and the LTCs, we re-ran
the model described in table 3 in the main body of this manuscript separately for cases that finished
their treatment pathway after low intensity interventions (n = 18 902) and high intensity interventions
(n=8884). The following describes only differences that were found in significance or direction
compared to the main analysis (detailed results in table DS9). Focusing only on the coefficients for the
LTCs, we found very few changes compared to the analysis on the full sample. Both, COPD and
Diabetes were only correlated with higher PHQ-9 (and for COPD: GAD-7) scores in patients finishing
their treatment pathway after high intensity interventions. All other relationships remained the same.



Table DS9: Estimated LTC coefficients for the SUR model jointly predicting post-treatment
depression (PHQ-9) and anxiety (GAD-7) severity for low and high intensity treatment
pathways

Low intensity pathway High intensity pathway
LTC PHQ-9 GAD-7 PHQ-9 GAD-7
(SE) (SE) (SE) (SE)
Asthma 0.18 0.26 0.16 0.10
(0.17) (0.15) (0.24) (0.22)
Cancer -0.00 -0.46 0.88 0.45
(0.64) (0.57) (0.99) (0.88)
Chronic Musculoskeletal 1.84*** 1.24%** 1.01* 0.86*
(0.32) (0.28) (0.46) (0.40)
COPD 0.90 0.75 3.81*** 2.34**
(0.60) (0.53) (0.93) (0.83)
Cardiovascular 0.05 -0.09 0.23 -0.00
(0.26) (0.23) (0.43) (0.38)
Diabetes 0.43 0.00 1.30** 0.50
(0.34) (0.30) (0.51) (0.45)
Epilepsy -0.19 -0.05 0.25 0.33
(0.50) (0.44) (0.80) (0.71)
Severe Mental (psychotic) 2.93*** 2.08*** 4,13*** 3.55***
disorder (0.61) (0.54) (0.89) (0.79)
Other LTC 0.65*** 0.57*** 0.67** 0.33
(0.15) (0.13) (0.23) (0.20)
Constant 4.31%** 3.70*** 4.82*** 4.22%**
(0.32) (0.28) (0.49) (0.44)
Observations 18 902 18 902 8884 8884
R-squared 0.38 0.33 0.31 0.27

Notes: SUR = seemingly unrelated regression; B = regression coefficient; SE = standard error; PHQ-9 = depression measure; GAD-7 =
anxiety measure; LTC = long term medical condition; SE = standard error; COPD = chronic obstructive pulmonary disease; the reference
category in this analysis = no self-reported long term condition; all coefficients controlled for demographic and treatment-related variables
as for the main analysis (table 3); * p <.05; ** p <.01; *** p <.001
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