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[Abstract] Objective To assess the predictive value of the pan-immune-inflammation value(PIV) for

all-cause and cause-specific mortality among individuals with depressive symptoms. Methods This prospective

cohort study utilized data from the US National Health and Nutrition Examination Survey(NHANES, 2005 to
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2018) and the National Death Index(NDI, 2005 to 2019). A total of 8 567 American patients with depression
were enrolled. Participants were grouped by PIV quartiles(Q1, Q2, Q3, Q4) or dichotomized(low group, high
eroup). Cox proportional hazards models were employed to estimate the association between PIV and all-
cause, cardiovascular, and cancer mortality in patients with depression. Smooth curve fitting was applied to
explore potential non-linear dose-response relationships. Threshold effect analysis was conducted to identify
an inflection point, upon which a two-piecewise regression model was constructed. Kaplan-Meier survival
curves were plotted to examine the association between PIV levels and survival status. Subgroup analyses
were performed to evaluate the robustness of the observed associations. Results Cox regression showed that
higher PIV levels were significantly associated with increased risks of all-cause mortality(HR=1. 05, 95%CI:
1.04 to 1. 07, P<0.001), cardiovascular mortality(HR=1. 07, 95%CI: 1. 05 to 1. 10, P<0.001), and cancer
mortality(HR=1. 05, 95%CI: 1. 01 to 1. 08, P<0.001). Smooth curve fitting revealed a U-shaped relationship
between PIV and all-cause mortality, with an inflection point at 80. 97(P<0. 05). Survival analysis indicated
that when PIV>80. 97, compared with the low group, the high group had increased all-cause mortality(HR=
1.29, 95%CI: 1. 12 to 1. 48, P<0. 001); compared with the Q1 group, the Q4 group also showed increased all-
cause mortality(HR=1. 53, 95%CI: 1. 25 to 1. 87, P<0. 001). Subgroup analyses revealed stronger associations
in specific populations: among females, for all-cause mortality(HR=1. 08, 95%CI: 1. 05 to 1. 10, P=0. 038) and
cardiovascular mortality(HR=1. 11, 95%CI: 1. 07 to 1. 16, P=0. 031); In individuals with diabetes and those of
other races(excluding Mexican American, other Hispanic, non-Hispanic White, and non-Hispanic Black),
stronger associations were found between PIV and all-cause mortality (diabetes: HR=1. 09, 95%CI: 1. 06 to
1. 10, P=0. 023; other races: HR=1. 22, 95%CI: 1. 11 to 1. 35, P=0. 032) and cancer mortality (diabetes: HR=
1.12, 95%CI: 1.06 to 1.18, P=0.006; other races: HR=2.00, 95%CI: 1.79 to 2.24, P=0.002).
Conclusion Elevated PIV serves as an independent risk factor for multiple mortality outcomes in
individuals with depressive symptoms. This study underscores the potential of PIV as a biomarker for
predicting mortality risk. Utilizing PIV could aid in the early identification and targeted management of high-
risk individuals, contributing to a comprehensive strategy for reducing the disease burden.
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Table 1 Demographic characteristics of the study population across PIV quartiles [n(%) ,%+s ]
Variable Q1(5.37~165.52)  Q2(165.52~261.63) Q3(261.63~413.80) Q4(413.80~5 181.60) p
n=2 142 n=2 141 n=2 142 n=2 142

Agelyear 46.55+17. 36 46. 80+18. 14 47.09+18.23 49.24+18. 99 <0. 001

Poverty income radio 2.03+1.52 2.00+1. 50 2.03+1.49 1.96+1. 48 0. 445

f:‘;’r‘:ii‘*i;‘it:ﬁrﬁf/ day-past I2months 1 g0 5 79 3.05+2. 94 3.09+2. 96 3.19+3.05 0. 109

PIV 112.99+35. 13 211. 71£27.57 328. 80+43. 42 688. 06+359. 44 <0. 001

Sex 0.538
Male 832(38.84) 849(39. 65) 860(40. 15) 878(40.99)

Female 1310(61.16) 1292(60. 35) 1282(59.85) 1264(59.01)

Race <0. 001

Mexican American 339(15.83) 367(17. 14) 369(17.23) 330(15.41)
Other Hispanic 247(11.53) 256(11.96) 244(11.39) 211(9. 85)
Non-Hispanic White 645(30. 11) 868(40. 54) 979(45.70) 1 137(53.08)
Non-Hispanic Black 699(32.63) 468(21. 86) 370(17.27) 301(14.05)

Other race: Including multi-racial 212(9.90) 182(8.50) 180(8.40) 163(7.61)

Education level 0. 184
Less than 9th grade 256(11.95) 255(11.91) 262(12.23) 238(11.11)
2Lh(;:;1t:mirfde(I“(’l“des 12th grade with = 50515 44) 360(16. 81) 395(18. 44) 420(19. 61)

High school graduate/GED or equivalent 508(23.72) 549(25. 64) 503(23.48) 555(25.91)
Some college or AA degree 654(30.53) 659(30.78) 659(30.77) 655(30.58)
College graduate or above 329(15.36) 318(14.85) 323(15.08) 274(12.79)

Marital status 0.05
Married 849(39. 64) 827(38.63) 891(41.60) 844(39.40)

Widowed 163(7.61) 169(7.89) 195(9. 10) 211(9.85)
Divorced 278(12.98) 309(14. 43) 297(13.87) 314(14. 66)
Separated 104(4. 86) 112(5.23) 112(5.23) 105(4.90)
Never married 534(24.93) 499(23.31) 450(21.01) 460(21.48)
Living with partner 214(9.99) 225(10.51) 197(9.20) 208(9.71)

Smoked at least 100 cigarettes in life <0. 001
Yes 1011(47.20) 1092(51.00) 1147(53.55) 1250(58. 36)

No 1131(52. 80) 1 049(49. 00) 995(46.45) 892(41. 64)

High blood pressure <0. 001
Yes 796(37.16) 840(39.23) 861(40.20) 1036(48.37)

No 1346(62. 84) 1301(60.77) 1281(59. 80) 1106(51.63)

High cholesterol level 0. 063
Yes 838(39.12) 842(39.33) 900(42. 02) 903(42.16)

No 1.304(60. 88) 1299(60. 67) 1242(57.98) 1239(57.84)

Diabetes <0. 001
Yes 317(14. 80) 329(15.37) 355(16.57) 424(19.79)

No 1761(82.21) 1760(82.20) 1726(80. 58) 1668(77.87)
Borderline 64(2.99) 52(2.43) 61(2.85) 50(2.33)

All-cause mortality <0. 001
No 1975(92.20) 1934(90. 33) 1921(89.68) 1785(83.33)

Yes 167(7.80) 207(9. 67) 221(10. 32) 357(16.67)

Cardiovascular mortality <0. 001
No 2 106(98.32) 2078(97.06) 2 062(96.27) 2019(94.26)

Yes 36(1.68) 63(2.94) 80(3.73) 123(5.74)

Cancer mortality 0. 004
No 2100(98. 04) 2093(97.76) 2105(98.27) 2 072(96.73)

Yes 42(1.96) 48(2.24) 37(1.73) 70(3.27)

PIV : Pan-immune-inflammation value
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Table 2 Positive association between PIV and all-cause mortality and cause-specific mortality in depressed individuals

Model 1 Model 2 Model 3
Group
HR(95%CI) P HR(95%CI) P HR(95%CI) P
All-cause mortality
PIV (per 100 units) 1. 08(1.06~1.09) <0. 001 1.05(1. 04~1.07) <0. 001 1.05(1. 04~1.07) <0. 001
Q1 reference reference reference reference reference reference
Q2 1.19(0. 97~1. 45) 0. 102 1.10(0. 89~1. 35) 0.388 1. 08(0. 88~1.33) 0.453
Q3 1.27(1. 04~1. 56) 0.018 1.12(0.91~1.38) 0.267 1.08(0. 88~1.32) 0. 477
Q4 2.14(1.78~2.57) <0.001 1.55(1.28~1.88) <0.001 1.47(1.22~1.79) <0. 001
Cardiovascular mortality
PIV (per 100 units) 1.09(1.07~1.11) <0. 001 1.07(1.05~1. 10) <0. 001 1.07(1.05~1. 10) <0. 001
Q1 reference reference reference reference reference reference
Q2 1.68(1.12~2.53) 0.013 1.56(1.03~2.36) 0. 035 1.56(1.03~2.35) 0.036
Q3 2.15(1.45~3.18) <0. 001 1.94(1.30~2.90) 0. 001 1.81(1.21~2.71) 0. 004
Q4 3.42(2.36~4.97) <0.001 2.57(1.75~3.79) <0.001 2.39(1.63~3.52) <0. 001
Cancer mortality
PIV (per 100 units ) 1.07(1.04~1. 10) <0.001 1.05(1.01~1.08) <0. 001 1.05(1.01~1.08) <0. 001
Q1 reference reference reference reference reference reference
Q2 1.09(0. 72~1. 65) 0.674 1.03(0. 68~1.57) 0. 890 1.02(0. 67~1.55) 0.931
Q3 0. 85(0.55~1.32) 0. 465 0.76(0. 49~1.20) 0.245 0.75(0. 48~1.19) 0.221
Q4 1.67(1.14~2. 44) 0. 009 1.20(0. 80~1. 80) 0. 366 1.17(0. 78~1.76) 0. 440

Model 1: Unadjusted. Model 2: Adjusted for age, sex, race, family income-poverty ratio, educational level, and marital status.

Model 3: Adjusted for age, sex, race, family income-poverty ratio, educational level, marital status, alcohol consumption, smoking

status, hypertension, diabetes mellitus, and cholesterol levels. HR: Hazard ratio; CI: Confidence interval; PIV: Pan-immune-

inflammation value
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A: All-cause mortality; B: Cardiovascular mortality; C: Cancer mortality. The solid line represents the fitted curve, and the

dotted line denotes the 95% confidence interval (95%CI). HR: Hazard ratio; PIV : Pan-immune-inflammation value
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Figure 2 Smoothed curves reveal a U-shaped association between PIV and all-cause mortality and cancer mortality

rates in depressed individuals
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Table 3 Threshold effect analysis of PIV on all-cause mortality in depressed individuals

Outcome

Fitting model by standard linear regression
Fitting model by two-piecewise linear regression
Inflection point
<80.97
=80.97
P for likelihood test

HR(95%CI) per 100 units P
1.05(1.04,1.07) <0.001
80.97
0. 08(0.02,0.37) 0. 007
1.05(1.04,1.07) <0.001
0.015

HR : Hazard ratio; CI: Confidence interval
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A: All-cause mortality (PIV<80. 97, dichotomy) ; B: All-cause mortality (PIV<80. 97, quartiles); C: All-cause mortality (PTV
=80. 97, dichotomy); D: All-cause mortality (PIV=80. 97, quartiles) ; E: Cardiovascular mortality by PIV levels; F: Cancer
mortality by PIV levels. PIV:Pan-immune-inflammation value
3 0B Bf Kaplan-Meier £ 547 : R PIVAR T X E R
Figure 3 Kaplan-Meier survival analysis in depressed individuals: Higher mortality rate in the high PIV group
%4 PIVAESERE Cox bbBI R 2 £ 4
Table 4 Data of Cox proportional hazards models stratified by different PIV ranges
All-cause mortality[ PIV<80. 97(n=429) | All-cause mortality[ PIV>80. 97(n=8 138
Group
PIV(n) HR(95%CI) P PIV(n) HR(95%CI) P
Q1 5.37~48.84(107) reference reference 80.97~178.77(2 034) reference reference
Q2 48. 84~62.64(107) 0.38(0.15~0.97) 0. 042 178.77~273.19(2 034) 1.09(0. 88~1. 36) 0.413
Q3 62. 64~72.04(107) 0.55(0.22~1.37) 0. 196 273.19~424.28(2 035) 1.17(0. 94~1. 44) 0. 162
Q4 72. 04~80.96(108) 0.40(0. 14~1.15) 0. 090 424.28~5181.60(2 035) 1.53(1.25~1.87) <0. 001
Low 5.37~62.64(214) reference reference 80.97~273. 19(4 069) reference reference
High 62. 64~80.96(215) 0.75(0.38~1.50) 0.418 273.19~5181. 60(4 069) 1.29(1.12~1.48) <0. 001
Cardiovascular mortality Cancer mortality
Group
PIV(n) HR(95%CI) P PIV(n) HR(95%CI) P
Q1 5.37~165.52(2 142) reference reference 5.37~165.52(2 142) reference reference
Q2 165. 52~261. 63(2 141) 1.56(1.03~2.35) 0.036 165.52~261. 63(2 141) 1.02(0. 67~ 1.55) 0.931
Q3 261.63~413.80(2 142) 1.81(1.21~2.71) 0. 004 261.63~413.80(2 142) 0.75(0.48~1.19) 0.221
Q4 413.80~5181.60(2 142)  2.39(1.63~3.52) <0.001 413.80~5 181. 60(2 142) 1.17(0.78~1.76) 0. 440

PIV : Pan-immune-inflammation value; HR: Hazard ratio; CI: Confidence interval
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Subgroups OR (95%Cl) Pfor.interaction

Sex ' 0.038
Male f—_ 1.040 (1.020 to 1.060)
Female ! —_— 1.080 (1.050 to 1.100)

Age | 0.913
18~<40 —_— 1.050 (0.960 to 1.140)
40~<60 —_— 1.050 (1.030 to 1.080)
=60 —_— 1.050 (1.030 to 1.070)

Race 0.032
Mexican American 1.080 (1.020 to 1.130)

Other Hispanic 1.110 (0.990 to 2.230)

|

Non-Hispanic White
Non-Hispanic Black
Other Race-Including Multi-Racial
Education level
Less than 12th grade
High school graduate
College degree or higher
Marital Status
Living with Partner

1.040 (1.020 to 1.060)
1.080 (1.030 to 1.130)
1.220 (1.110 to 1.350)

0.069
1.080 (1.050 to 1.110)
1.030 (1.000 to 1.060)
1.080 (1.040 to 1.110)

0614
1.050 (1.040 to 1.070)

\

|

Subgroups OR (95%Cl) Pfor.interaction
Sex 0.031
Male 1.050 (1.020 to 1.080)
Female 1.110 (1.070 to 1.160)
Age 0618
18~<40 1.040 (0.850 to 1.280)
40~<60 1.090 (1.060 to 1.130)
=60 1.060 (1.030 to 1.090)
Race 0221

Mexican American
Other Hispanic
Non-Hispanic White
Non-Hispanic Black
Other Race-Includi

Education level
Less than 12th grade
High school graduate
College degree or higher

Marital Status
Living with Partner

1.090 (1.020 to 1.170)
1.100 (0.920 to 1.310)
1.060 (1.030 to 1.090)
1.120 (1.040 to 1.200)
1.310 (1.090 to 1.560)

Multi-Racial
g

1.090 (1.040 to 1.140)
1.050 (1.020 to 1.090)
1.090 (1.040 to 1.150)

0.667
1.070 (1.050 to 1.100)

-B,E-E-E X 3. 8_E_F_E= _

Not Living with Partner —_— 1,060 (0.980 to 1.150) Not Living with Partner 1.050 (0.810 to 1.360)
PIR 1 0.201 PIR 0.321
1~<3. | — 1.050 (1.030 to 1.060) 1~<3 1.070 (1.040 to 1.090)
3~<5 1 1.090 (1.030 to 1.150) 3~<5 —_— 1.100 (0.980 to 1.240)
=5 | 1.120 (1.040 to 1.210) =5 | ———* 1.210(1.080 to 1.360)
Smoked at least 100 cigarettes | 0.969 Smoked at least 100 cigarettes 1 0.734
Yes , — 1.050 (1.040 to 1.070) Yes - T 1.070 (1.040 to 1.100)
No | — 1.050 (1.020 to 1.070) No I —_— 1.070 (1.040 to 1.110)
Average daily alcohol consumption | 0418 Average daily alcohol consumption | 0375
<3 _ 1.050 (1.030 to 1.080) =<3 \ —_— 1.080 (1.050 to 1.110)
>3 — 1.050 (1.030 to 1.070) >3 , — 1.070 (1.030 to 1.100)
Hypertension \ 0099 Hypertension . 0.203
Yes ! —_— 1.060 (1.040 to 1.080) Yes —_— 1.080 (1.050 to 1.100)
No —_ 1,030 (1.000 to 1.070) No L e— 1.040 (0.990 to 1.100)
High cholesterol ! 0112 High cholesterol ! 0.29
Yes | — 1.070 (1.040 to 1.090) Yes U 1.090 (1.050 to 1.130)
No [p— 1.040 (1.020 to 1.060) No | — 1,060 (1.030 to 1.100)
Diabetes 1 0.023 Diabetes ! 0.985
Yes — 1.090 (1.060 to 1.110) Yes | 1,080 (1.030 to 1.130)
No e 1.040 (1.020 10 1.060) No 1 —_— 1.070 (1.050 to 1.100)
Borderline  —— 1.040 (0.910 to 1.190) A Borderline [a 1.170 (0.940 to 1.460) B
1 106 112 198 122 s 1 106 1a2 118 122 13
Subgroups OR (95%Cl) Pfor.interaction
Sex ' 0.441
Male | 1.060 (1.020 to 1.100)
Female — 1.010 (0.930 to 1.100)
Age ! 0.641
18~<40 E 1.110 (0.860 to 1.420)
40~<60 | 1.060 (1.020 to 1.110)
=60 —_— 1.040 (0.990 to 1.090)
Race | 0.002
Mexican American —_— 0.950 (0.770 to 1.180)
Other Hispanic \ — .+ 1.370(1.080t0 1.730)
Non-Hispanic White — 1.040 (1.000 to 1.080)
Non-Hispanic Black 1.020 (0.900 to 1.160)
Other Race-Including Multi-Racial | 2,000 (1.790 to 2.240)
Education level 0.125
Less than 12th grade [ 1.000 (0.910 to 1.100)
High school graduate — 1.030 (0.980 to 1.090)
College degree or higher U 1.090 (1.040 to 1.160)
Marital Status ! 0.689
Living with Partner | — 1.050 (1.020 to 1.090)
Not Living with Partner L ———— 0.950 (0.740 to 1.200)
PIR [ 0.349
1~<3 [ — 1.040 (1.000 to 1.080)
3~<5 1 1.120 (1.010 to 1.230)
=5 - 1.000 (0.770 to 1.290)
Smoked at least 100 cigarettes | 0.267
Yes | —— 1.060 (1.020 to 1.100)
No — 1.010 (0.930 to 1.090)
Average daily alcohol consumption | 063
< —— 1.030 (0.980 to 1.090)
>3 1.060 (1.020 to 1.110)
Hypertension ! 034
Yes B —— 1.060 (1.020 to 1.100)
No D — 1.030 (0.970 to 1.090)
High cholesterol ! 0.076
Yes ! 1.090 (1.030 to 1.140)
No — 1.010 (0.950 to 1.070)
Diabetes [ 0.006
Yes 1 1.120 (1.060 to 1.180)
No p— 1.010 (0.960 to 1.070)
Borderline s 0.620 (0.300 to 1.290)
r T T T 1 C
1 106 142 148 122 13

A: All-cause mortality; B: Cardiovascular mortality; C: Cancer mortality. OR: Odds radio; CI: Confidence interval;

PIR: Poverty income radio

B4 PIVENGARSAMBSEREETERZ BXKHTAST . X BRELSEMENIECREES

Figure 4 Subgroup analysis of the association between PIV and all-cause and cause-specific mortality in depressed

individuals: Higher mortality risk among women, diabetics, and specific ethnic groups
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