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Abstract

Background: The prognostic nutritional index (PNI) is a novel indicator of nutritional immunity
linked to cardiovascular events. Our goal was to investigate any potential connections between PNI
and the frequency of hypertension. Methods: This cross-sectional study included participants
with complete data on PNI and hypertension from the National Health and Nutrition Examination
Survey (NHANES) from 2007 to 2018. PNI was logarithmically transformed and evaluated as a
continuous independent variable, and its robustness was assessed by grouping according to quar-
tiles. Logistic regression analysis and interaction tests were used, and the relationship between the
two was further explored through two piecewise logistic regression models. Results: The study com-
prised 30,017 participants, and the PNI was lower in the hypertensive group compared with the
non-hypertensive group (52.53 vs. 53.56, P < 0.001). In fully adjusted model, an association was
found between logPNI and the prevalence of hypertension (OR: 10.62, 95% CI: 4.98~22.68, P <
0.0001). Interaction tests showed that gender, diabetes, and age had no significant effect on the
relationship between LogPNI and the prevalence of hypertension (all P for interaction > 0.05). In
the analysis of the two-segment logistic regression model, it was found that when the LogPNI
value is 21.66, its increase is significantly correlated with a higher risk of hypertension (OR: 19.23,
95% CI: 8.18~45.16, P < 0.0001). Conclusions: A higher PNI is associated with an increased risk of
hypertension in American adults. This suggests that PNI can serve as a useful biomarker for hyper-
tension risk.
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PE RO L s A B HLAT TR ERIRN ER, miE B i 2oy — N E KA BA ). 54
i, AERIEA 31 1% AN B S, L ) B SR AR ARV B P 2 BT, IR AR R
WCNEIZK[2]. WEFERHE, Y4 A& 3k IR # RS T REmaC I AN R SRR RS, B CoURE ST, i i o4
Al AR 3] IXR T, JE I R L T DA RO AN R R A, BRI T RR R
e L 1 L )

UG B F2 46 (PN H bk E 40 B50M0 L 37 1 238 I (ALB)HH A3 Y, S S MR LAAC B F R A0 JRE 538 I
N E T H, A2 AR IR SE R, BT CA R RAESE, PNI 52 RS R g i R 45 R A %
[4]-[6], FHAERLLO MR A —E MBS M, WO h38s(7]. IEEOIUEIR], UKL SE
FE KB AR (TAVR) A 1T TS [9].

WEFLR, G G R G RE SN AT (g ik e I (R R R, R — R A 40 M R 75w fn 35 3, SR B
JUF- BT 2 20 1 G 3 4T 405 v I A5 SRR 1010 EAh, Zhang Z5 AR I, &84 K ATAE 20 T JE )
— N L TS R AR 1] 3% 28R IUAT BEFE7R PNT 72 iy ML P (7B (e SN . s W T, S
PRSI R AR LG, PNI S50k ia v o MRS AR DG 12], 5 B A JCi 78R 1 PNL 5 i U 2 B H5CR . AT
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2. HikE
2.1. IBFKIR

2 [H E g FE G h O (NCHS))l i [F S B 578 5 T & NHANES) T 5 oo 35 [ A (g 58 32 R
FIRFF . ZBEE T N DGt AR5, IE . A OG5 LR ARG A AN S 36 =K A 25 (5 K.
NHANES #7050 H B35 B X DA G OV 8 &R RS itdE, irg 25 3 505 0 78 N 8 5+
BT aERE,
2.2. AR AEE

AT AR E 2007~2018 5 NHANES %4, L5 84,819 LHIMH AN R FATHERR TLAF
AN FERNT 20 S 1153 585N = 50,049). PNI B S 2k & (N = 3,606)~ I EE 0 B # (N = 1,147).
&, 330,017 2 S 5FE BN DN KA T GARYE 2 T2 W il e 2 s s N = 13,26 ) FlFE &
RN = 16,756). HF 78 NEEGRIERFE LI 1.
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Figure 1. Flow chart of the study population screening
1. AR AR RAZE

A

Y

2.3.PNI BIENX

PNI (i 5 A0 F: PNI=10 x IfiiE A8 A(g/dL) + 5 x K EIIH5(10%/0) [13]. 3ZH#E1EXK
ARG 15 8. WREA T EoEE 4 ik Eok A, SR 52 /R FR(Beckman Coulter®) it
BRI B iEAT I E L3 A & EE 2 K Cobas 6000 4311 (Roche Diagnostics Corporation, 155 %
BRI, IN 46250)H1R FH ) 28 (BCP)VE#EAT I 7E -
2.4. SMEREX

T s I B A R & 5 Bilge R B R T i S v R A R AT I .
M A2 WbsHE R 1) mEACEIR &R L, 2) IEERMEEZ; 3) dEFRHESNEED 3

RS
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YO LR U4 KT 140 mmHg BF 2147 5K 5 KT 90 mmHg [14].
2.5. thiE &

AHFFIN T — RV ATRESEM A RO . B FRRMLE MR 2 AR R . ADZGiHH i Ea
TRV ), (). MEEETE A REAN . MY . FrEFsa A, EHETEE
N FAbFp i) WNFTREL . BERRECRERIVER 9~11 FZ. mrpielk. 5Bk Kbl
Y RLRES DL AR < 100 352100 30). AENIE . 9050 % BiE 5 A = 15 2(BML, kg/m?). &
H e & 1% N\ (kcal/day) H i =P8(TG, mmol/L). & JH[E EE(TC, mmol/L)~ H R4 i 5 9k B2 40 g L B (NLR)
ARG £ B E N E(DPL, tHEA N EEFRAR(g/d)/MEHE (kg)). f#FOIRGLAR &3 B HE 2 5 R
HAHKEIRECR/A), HAEFERIRE . KR O FT X

2.6. GitFERE

AT AT R EF 4.1.3 BRI Empower BHF3ET . AT, BB 8RR ITK
5, ESARENER A5, DIWHGHRZER . s DUISE E o RoR, ER R UIME + Ak
FFRoR. AR PNI 52 (6 1956 &, 3RATE PNI AT B, SR 248 & logistic [8] AR AL 15
FAE EE(OR) L 3 95% B A5 X IHI(CL)o 3T 3L = AMEAY . RIABEBIAY  AAY | FOBHY 2, R G R
PANATAT AL By AR | V% 700 AR AIRPIG: BLAY 2 M — DR T A AR AT LG,
JHARZS . DPL. feEBA . HIl =FR(TG). EMHEEL(TC). REFRE(BMI). H kg i -5 ik A0 i Le A
(NLR). BEIRT. K558 O FI . BEJG, FRATH LogPNI MIESAR g4y 43 748 & (=40 Ar) A
PEAG IS R RS o FRATTEAE FHAS BLAE A SR AT WAL o0 b, 0 E R R A dE v R (B3 /%) 4% (20~39
%\ 40~59 & >60 %), BMI (<25, >25 kg/m?)FI& 75 B H BRI GE/15). LA E R T rPAL 56 #h,
AR R T S BN WU P H < 0.05 A EREASIFEE L.

3. 58
3.1. FIBEXTREARIFE

AWFFRILIN 30,017 42 53, Hrb 13,261 A\ (44.18%) N LEZH, 16,756 N(55.82%) Ak = LK 4H
RS 5% F, FHFERR 5001 £ £ 17.67 &, &ILUEARFFE AR & T EZH(59.80 % vs.
42.26 %, P<0.001). B 700 RAER 73 A AHRE 84T, Horh 2t 15,359 N (51.17%), 5514 14,658 A(48.83%)-
A Z 5F KRR ERR(BMI) N 29.26 +6.92, il 4151 BMI A H5(30.86 vs. 27.99, P <0.001). &
A2 545 PNI R 53.11 £12.65, SAEmME4AHEE, &l R4 PNI FSK(52.53 vs. 53.56, P < 0.001).

N TAET 538, WAFEE IR AT SRR B b AT 1O E e e . 45 R, 0T 35046 J5 1) PN (LogPNI)
TE PR ZELIA) () 22 ST B Gk 2% 2 SU(P < 0.001) (I3 1),

Table 1. Baseline characteristics about the participants

® 1. SE5EELRHE

FHE §s¥an e I R ML P
N = 30,017 N =16,756 N=13,261
WD, Xts) 50.01 £ 17.67 42.26 +15.75 59.80 + 14.88 <0.001
AL, n (%) 0.030
Lax s 14,658 (48.83%) 8,089 (48.28%) 6,569 (49.54%)
i 15,359 (51.17%) 8,667 (51.72%) 6,692 (50.46%)
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A, n (%) <0.001
PG EE 4,579 (15.25%) 2,914 (17.39%) 1,698 (12.80%)
HAMVEIR T B 3,177 (10.58%) 1,887 (11.26%) 1,980 (14.93%)
FHAETHFAN 12,441 (41.45%) 6,808 (40.63%) 3,232 (24.37%)
EvgET W BA 6,170 (20.56%) 2,818 (16.82%) 3,831 (28.89%)
HAh 3,650 (12.16%) 2,329 (13.90%) 2,520 (19.00%)
WA (X £5) 245+ 1.55 249+ 1.58 240+ 1.52 <0.001
HEKT, n(%) <0.001
HIF LA 3,174 (10.57%) 1,476 (8.81%) 1,698 (12.80%)
I 4,180 (13.93%) 2,200 (13.13%) 1,980 (14.93%)
e R 6,843 (22.80%) 3,611 (21.55%) 3,232 (24.37%)
& 8,889 (29.61%) 5,058 (30.19%) 3,831 (28.89%)
LNy 4VuR 6,931 (23.09%) 4,411 (26.32%) 2,520 (19.00%)
HH, n (%) <0.001
LR <100 3¢ 16,684 (55.58%) 9,943 (59.34%) 6,741 (50.83%)
LRI > 100 32 13,333 (44.42%) 6,813 (40.66%) 6,520 (49.17%)
BEIRIE, n (%) <0.001
2 4,070 (13.56%) 972 (5.80%) 3,098 (23.36%)
& 25,947 (86.44%) 15,784 (94.20%) 10,163 (76.64%)
KR, n(%) <0.001
2 8,362 (27.86%) 2,693 (16.07%) 5,669 (42.75%)
& 21,655 (72.14%) 14,063 (83.93%) 7,592 (57.25%)
SO, 0 (%) <0.001
2 1,265 (4.21%) 246 (1.47%) 1,019 (7.68%)
w 28,752 (95.79%) 16,510 (98.53%) 12,242 (92.32%)
A, 1 (%) <0.001
2 1,192 (3.97%) 214 (1.28%) 978 (7.38%)
& 28,825 (96.03%) 16,542 (98.72%) 12,283 (92.62%)
Hil = EE(mmol/L, x+s) 1.74 +1.38 1.61+1.36 1.89 + 1.40 <0.001
SIH[E EE (mmol/L, X+s) 4.97+1.08 4.95+1.04 499+ 1.12 0.002
1f37% A 2 A (mmol/L, x+s) 4.22+0.35 427+0.35 4.16 +0.35 <0.001
AT E(10°L, X+5) 2.18+2.43 2.18+1.03 2.18 +3.47 <0.001
H PRI A S b A LG (X £ 5 ) 2.18+1.21 2.08 + 1.04 230+ 1.39 <0.001
IRE B (kg/m2, X+5) 29.26 + 6.92 27.99 + 6.37 30.86 +7.25 <0.001
RemER A\ (kcal/ K, X+s5) 2,028.89 +833.48  2,109.77 £ 86543  1,926.69+779.40 <0.001
JE B E AN (gkg xd, x+s5) 1.02 +0.49 1.09 + 0.53 0.92 + 0.42 <0.001
PNI(Xs) 53.11 +12.65 53.56+6.23 5253+£17.68  <0.001
Log PNI (X +5) 1.72 £0.05 1.73 £0.04 1.72 £0.05 <0.001
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3.2. PNI 5510 E BH A <B4

AW TR logistic [FIJH43H7, s LogPNI 5 & LK 2 [A47E 2 3% 5C B . 78 58 SRR A (1Y 2)
i, IRATTAR I LogPNI 5 i LK 2.2 FH 9<(OR: 10.62, 95% CI: 4.98~22.68, P <0.0001), El LogPNI 434410 1
AN, T LS BB XU 0 10.62% . % FEF1)2Y LogPNI NIELEAS B, LogPNI 5 Ik 2 [ 7 7E i 2%
FHRAE . BfifE, AR LogPNI X 73 2A =40 A Hidk— PRI IX — k. LogPNI [ =437 X 8] 4351 : T1
(1.30~1.70)+ T2(1.70~1.74). T3(1.74~3.26). {EA&VHEBIAI AR 2), logPNI #5125 & BE s R
PG 3 25 T T T AR = A BT D2 5 3 (T2: OR: 1.17,95% CI: 1.09~1.26, P < 0.0001; T3: OR: 1.35,
95% CI: 1.25~1.45,P <0.0001). ItAl, AR EA R H AR B2 Z R EHRLE P <0.0001)
(L3 2),

Table 2. The association between PNI and the risk of hypertension
# 2. PNI 58I EBRNK 2 [BHIX F

AR BT A 1 A 2
OR (95% CI) P OR (95% CI) P OR (95% CI) P
LogPNI 0.00 (0.00, 0.01) <0.0001 1.67 (0.89, 3.13) 0.1091 10.62 (4.98,22.68)  <0.0001
Tl Z i - Z - Z i -
T2 0.68 (0.64, 0.71) <0.0001 1.00 (0.93, 1.07) 0.9560 1.17 (1.09, 1.26) <0.0001
T3 0.55 (0.52, 0.58) <0.0001 1.12 (1.05, 1.20) 0.0006 1.35 (1.25, 1.45) <0.0001
P e <0.0001 0.0004 <0.0001

VR ORI 1. OOHERS . PERIFIRESAT TR, BT 2. XPAERS. MERI. FRE. BE KT, WASEE . BRER
. DPI. 2. TG. TC. BMI. NLR. BEJRHFE. KF54 . oo Fl R KT T A%,

3.3. WEHSHT

WAVELEAER 2 (Al b, $4ER . PERI. BMI FIRE RIS LogPNI 5 1L K 2 A 95 Rk 47 T
G ELH AT, DAk — AR AN [N LogPNI 5 i 1L 8993 28 IR AH DG . 45 5 87K, BMI i1 T LogPNI
M EZ PR FR. 75 BMI > 25 kg/m? B AH#EH, LogPNI 5 &l 2 [AIFE7E i35 CEE(OR: 5.29, 95%
CIL: 2.32~12.07, P <0.0001), Ti7E BMI <25 kg/m? ) ABEH, ZRBTLSTHEE (P = 0.6069). 3 HAFEH
KrIGIE R0, MG, BEIRESE . AR XT LogPNI 5@k 2 [/ ¢ R M A5G 22 BA/EH P A
1>0.05) (W7 3). BEAh, TEXTHTH AR T B S, LogPNI 5 & il 2 18] (1) 2 RIE i i th k45 5 7
B E AL AIE (L 2).

Table 3. Subgroup analyses for the association of PNI with the risk of hypertension
3. PNI 5E M EBH NI AI I LE 54

T4 OR (95% CI) P Pz
FER(D) 0.0622
20~39 0.48 (0.10, 2.40) 0.3693
40~59 5.31(1.60, 17.58) 0.0063
>60 2.58 (0.92, 7.26) 0.0725
5 0.7192
Atk 2.39 (0.91, 6.30) 0.0783
Bk 1.89 (0.76, 4.73) 0.1718
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W R IF 0.0684
& 0.61 (0.10, 3.82) 0.5939
i 3.86 (1.79, 8.32) 0.0006
BMI (kg/m?) 0.0127
<25 0.70 (0.18, 2.73) 0.6069
>25 5.29 (2.32, 12.07) <0.0001
o
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Figure 2. The correlation between LogPNI and prevalence of hypertension

& 2. LogPNI 5& M & BHFEZ [EHIHE XM
W FLdE—0 K 2 N B logistic [FIEREAL 73 # — & Z (MR R, 45 5865E LogPNI 133 54 1.66.
TESR R, LogPNI 5 & i 2 [ 6 2 2 G EK; HY LogPNI > 1.66 B, o5 5 4 s i ey I s 2R X
Ky 541 95(OR: 19.23. 95% CI: 8.18~45.16, P < 0.0001) (.5 4).

Table 4. Segmented logistic regression model

& 4. 5% logistic BYIHEHRY

£ (95% CI) P
E70s 1.66
LogPNI < 1.66 0.11 (0.01, 2.29) 0.1550
LogPNI > 1.66 19.23 (8.18, 45.16) <0.0001
XTEABAIR Ao B 0.002
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4. g

AW FET N NHANES 04 30,017 2538, #8570 PNI 5 &y 25 AU 2 7] (1 G B - Logistic
BIALE SRR, TEEHIAERE . o). BrEBm SR B IS T, Bmi logPNI 5 i I 2895 XU 3 n 5
EAR. SBICEAEANSSFMLIL, T =005 25 % 5 IR AR T 35%.

PEBRATHTHR, 3K 2 1 TR F KRR A B R AR F TS B 7R P 2PN 5 i I 2 [ AH G PE R B 9T . PN AR
L T B WO R S VA B I R LA O I I8 A AUkt BAT TN . 22 TOUAIF 5 00U 5K
PNI SR ZEAAE . O J1 580 O I A A RBET R A5, I H RSBSOS 7L & 05 (CAD) I FE T R
AR EA R OAEFEAE15]-[17]. RECHKT PNI 500008 %% FIAH I FL, (HER PNT 5 s & st
FEHBAZ . Fatih & ANTFE T —000 J 180 NMIBEWTTIWEFL, &5 Wox, muldl ¥ s 235 1 PNI &
AT 42 1) R A v IR BB S [12]. Ahmet 25 A X 91 4938712 Wi 20 ik 14 5 1 IR (AH) AN EAT 1 A ke
ST, BEFCEE AR, BCm 1 PNI 28712 W s I 28 5 0 25 D) R R i P et S7 93000 BR1 1 [ 18 ]

TG 8 SRR E(PND/E N — P B S R Fe b, 7E— @ A2 baT DU & — A N8 FRERDIR B[ 19] 4
PNI FH bk LA (8 T H A H, DRI, PN s afi s RGP sz e o DA St 8k B2 4 B AN 1 25 1 (ALB) K
flERE. TSR, O KEFFFAIRT TIREIMS 5 2 R OCHE . — T RTIE Y BB SR T2 T 41 & S
YA R e L (26 2R [20]. S5 RR I, 1 4,124 LI T K M Lot B B IR AEARRI%)
MEAR B T 40 B b A9 5 )5 8 e I A 0s AR 36 AR O, IX 3R BH B 40 B9 S AL HER B % T 20 B A #E
v A RS TR MR IR R o 55— Dl d /R BN LA 7R B, Ik A i 25 i R o s R ARG, R SCHr
W 2 B AT REAFAE R R G R (217

HAT, (i3 A SRS R 1) R RAFE S S0 7RIS B & E 5 iR 2 A G
— DU R L S SRR, R I (ALB) S5 W s AT EF 5K R 3 S IEAROG[22]. 3 — TRAES T J2 1)
e AT T 7R B, T tE R RER, AR A5 ME 2 A EM 523, RE Wk, WHFERH
I A 1 I I TN PR 7, I L2 T TR RN L PR B AR A 24 [25]0 75— T Sl /R BE A LAL I 92
B YU G AR AR R R v L ) e ke A DR, 3R LT 1 AR i L E R R AT
it 2 AR AEK 1 I A e R IR [26] o IX MBI PR AT 78 285 SR A — Sk, PTREE AR AR Pl 2 e TR AR AL &
FUR S (2 S E S A AR A 8 A6 R IUE 8 24 L 5 R 3R S 80

ST, R R 2 R R R A EAE R . A MR AL S5 R . TG B R IR S (PN /E N —Ff]
[ 5 B FRAR VLT SERE S8 S B2 (R4 bR, FLTRINAA B n] REAL T S (s Mk A sl g R e . K2
BB MWIS S T RMERRAE . RIBMAERFIRE . Jo R AT yo T 4 i nl 38 i 5 38 B 1k e g
RGP R AR T, TR L A B 3 i A7 ol I AP AT IS A2, G2 4 i 2 (e A 1l R 1265 7
F[27]e ANFZRBLR) T BREHA & R AR 2 5. R R 7 A R-17A (IL-17A)E 2
FH Th17 ZHAT po kA=A (28] I8 W0 ILIE FOBE K S = 15 8 1 (SGK1), IL-17A 2=kl
B RIKRIL (Angll) s 5 1 LT AN BR BURYE iR UK [29]. AR, @RI -2 MG (CSE) 3k K 2>
[RIA 5P T 4HJf(Treg AR M MAE — €A B R & IMLE, XA BERRAE Treg 40 M H A H0H] & I % 1)
YER[30]. A, TAEWFIUESS, B 4T 8 B AT e 0 28 52 A4 8 19 R AR S AN KB, 338 17 el
W T REAN ML [3 1] AN Utk , D& EA Ik B 40 M 34 o] BE-S S50E IR 49 R0 A B A, e 28 51 R IR T /=i [32]

I3 A8 EAE N —FE R R A BN O R E s, (R m IR K R A E 6L . 5 e I R AE 5%
(1 A 2 A B R R RSB M . A ThRE . LR RPUAMSE(33]. [ A& s SO Rz i%E
JESCMAAGPR 75 B . AR A T DA S B 3 i 250, — 7T, IS A& A T H e Al i i A58 T
AR M 3G N SR TS S5 —J7 I, IR A AR 2 AR MR AR VB E e, A G PR L2 &
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b, AREEPERUE B & - A RIKER - EE R G RAAS) RIS EME Rgr, SHRMIERAE. KRFE. 5
b, BT E A A E R FE S (CUE SRS B 2 A A t2E), AR AR MR —Fh 2= TR B
T B 5 EA PR RS, ML B A5 IR LR A — A BUL R SR A S B A R [33]. IR
FK AR & P EWUR A R R T, 125 A e 2R B 05 A8 A B, ks SOk S T e BbAh, A
WFFER WIS 8 B2 U R KR BB (ACE) A B A BRI 2 ACE &b TAEFR R, BEAL
FRE LT 58 a4l I E o ACE FIBEETE[34]. 48 8 I m BUIRRE T, HX s 55K K #eliE(ACE)
e 252, 2t THESh e iR A R (351
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