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Abstract

Objective: To monitor the changes of blood pressure circadian rhythm, fasting blood glucose (FBG)
and heart rate variability in patients with type 2 diabetes (T2DM), and explore the relationship be-
tween the changes of blood pressure circadian rhythm and FBG and heart rate variability. Methods:
Eighty-two patients with T2DM admitted to Qingdao University Affiliated Hospital from May 2021 to
May 2022 were selected using a 1:1 propensity score matching method, and they were divided into
arytenoid group (10%~20%, n = 41) and non-arytenoid group (less than 10%, n = 41) according to
the nocturnal systolic blood pressure drop rate (SBPF). All enrolled patients were monitored for
24-hour arterial blood pressure, 24-hour dynamic electrocardiogram, and levels of FBG, glycated
hemoglobin (HbA1c), and blood creatinine (Cr) were measured. Statistical methods were used to
analyze the correlation between changes in blood pressure circadian rhythm and FBG and heart rate
variability parameters. Results: nSBP, nDBP, 24 h SBP, 24 h DBP, FBG levels and 24 h MHR were sig-
nificantly lower in the arytenoid group than in the non-arytenoid group. nSBP, SDANN, RMSSD and
PPN50 levels were significantly higher than in the non-arytenoid group (P < 0.05); SBPF was nega-
tively correlated with FBG and 24 h MHR levels. nSBP was negatively correlated with SDNN, SDANN,
RMSSD and PPN50 levels. nSBP, SDANN, RMSSD and PPN50 levels were significantly higher than in
the non-arytenoid group. RMSSD and PNN50 were positively correlated (P < 0.05). Conclusion: SBPF
in T2DM patients is related to FBG and heart rate variability parameters, and paying attention to pa-
tients’ SBPF can help improve their blood glucose levels and prevent complications.
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1. 5I§

WG+ 2 50 R B A A 1A 06 75 A As, 4Bk 2 BUBE PR G (T2DM) & R B 535 E T, & 2017
FEIR E B PRI O R Ck 11.2%, T 2040 A ERKA T 6.4 120 PRI HE 1], O LA RGN
T2DM e WL I RAE, & T2DM B FET- I B E R K2 —[2]. M 7R ] T2DM FE 3 55 0E & i A
A B s s R 23], 29 2/3 1) T2DM & #H & IF sk, HI &R TR 57 T2DM &
WHAFECE4] [5], FIUEARFT T2DM 35 AR B S I R S A 5 [R114: 23 4 T2DM 6
BN MEAN, HRICMEER ARG 2 M MmO R R R R
2. ARERE
2.1. ARIIHR

AWFFGIN 2021 4F 5 H % 2022 45 5 H T B KM@ R BT W6 1 41 5152 AW 4 1k B % (SBPF)
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KT 10%M T2DM EFEAE MR, KA 1:1 Wi V4 TTRE G B E 8 41 %1 SBPF 4T 10%~20%
(1) T2DM B#AE AR BLA, BT T2DM & (112 Wi ks i F1VE 97 38 2 BR b [ 2 B8 PRI B 76 4 76 (2020
BR)Y o IAARHE: (1) FiS < 75 %5 (2) RIRAHEMORMZY). HebRbrtE: (1) e LT
24h; (2) AINKFHEHL, 3) gAML (4) L3 MHNAEMERELMRA L (5) FER
T (6) FAECHIFEIES. Irf B H1T 24 hshIKIME WM. 24 h S 0mE, HitRHEEEH
o AR RENE 120 J5 T H RSB, e Bk i 20 2 (1 (HbALc) I ULEF(Cr). = i ifn b
(FBG)% 4847 -

2.2. @hZASOEE I FE A5

KBNS O B A (B PP By B 7 28 A R 22 =0 ) B 00 5 i I« o0 P I, 70l R A A |
g, PO BB AR 22 10 mmHg DA BNk e — 0 38 24 b (il sah A o s i A% A Pl
FEFAEART 10 mmHg WEFE AL B S Kl (o T i T8, YRR DIRAN— 4R E, Al iR
N TR 2~3 ome MBUXERISAT R B IEH, AR IRA R ImZE. 5 6 I 2R 10 I YIE A
I — 0, B 10 2R 5 6 I A A — /NI R — 0k, Gt i B I AR A0 R R BUR &, Ak
HATHERR IR IE R QRS ¥, LEHE {5 LR I T SR

2.3. MEIEIR

CRHASMIESHARE: 24 h FEULLE)E (24 h SBP). 24 h 1473k [k (24 h DBP). i F ik
4 & (nSBP). % [A] ¥ &7 5K I (nDBP) . % [A] U 45 & '~ B3 (SBPF), SBPF = (dDBP — nDBP)/dDBP x
100%. SiitOFAFHSEATE: 24 /EF0 % (24 h MHR). IE% RR [E] 45 2 (SDNN). 5 min
PE A ik 22 (SDANN) 2 FEAH AT RR (8] #1222 (1)°F 77 AR (RMSSD) LA & 50 ms A% s G k8 04 1 45
EE (PNN50).
2.4. G ESHH

1z SPSS 23.0 FAFHHT G0 M, MR IEZAS /3 A T SOR S B bRiE 2 (X £ s)FRoR, WidA
FLBCR MO AEA t K056 AR R R R R R, AREBCRA 2 K% Wi MoetEEbie, R Pearson
FASEE S HT S 2 R O R AR M S B, SBPF AT, LLP <0.05 AERG ST .
3. %R
3.1 FEELERERLLE

ST NI 82 ] T2DM B IR BTk, LR B AR B PR )88 . Ml Cr. HbAlc.
FBG 53285045 WAk 1, FBUH 5AEFI B R R M E 3 M2 5. dEFMIBLA Cr. HbAlc., FBG %%
FHETHIRZ(P < 0.05),
3.2. FLHRE 24 h S mESHELE

FLi A e, KR nSBP. nDBP. 24 h SBP. 24 h DBP /K~FH1 & /N TIEHKIBIZH, SBPF /KFH &
KFARFIRL(P < 0.05), HAKILE 2.

33 MALERER SR

HHRAMLEE, JEFITA 24 h MHR /KFBH 2 FH 5, SDNN. SDANN. RMSSD LA & PNN50 7K~F-FH
B FEK(P < 0.05), Ak L7 3,
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Table 1. Comparison of baseline clinical data between the two groups
= 1. PRBEMELIRRFRILLER

P S FIBIH (n = 41) MBI (n = 41) Ve P
P 531 % 15 (36.59) 16 (39.02)
[, (%)] 3 26 (63.41) 25 (60.98)
ERB, ()] 61.55 + 5.69 62.85 +5.79
Cr (umol/L) 89.54 + 25.85 95.70 + 50.58 7.753  0.001
HbAIC (%) 5.70 £ 0.37 6.81 +0.45 8.642  0.001
FBG (mmol/L) 5.28 + 0.60 6.59 + 0.59 9.864  0.001

Table 2. Comparison of 24 h dynamic blood pressure parameters between two groups of patients [(%), n = 41]

2. FAEBE 24 h IS MESHELE[H(%), n=41]

B H RIRIH JEHBA t P
dSBP (mmHg) 134.74 £ 4.02 135.02 + 6.88 0.225 0.823
dDBP (mmHg) 78.63 +3.58 78.05+3.74 0.717 0.475
nSBP (mmHg) 118.31+£2.85 138.20 £ 3.51 28.168 0.001
nDBP (mmHg) 66.13 + 3.87 74.02 +4.32 8.711 0.001
24 h SBP (mmHg) 125.85 + 8.63 136.02 + 6.38 6.068 0.001
24 h DBP (mmHg) 75.02+1.34 76.99 + 2.44 4531 0.001
SBPF (%) 10.86 * 3.05 -1.79+531 13.227 0.001
Table 3. Comparison of heart rate variability parameters between two groups [(%), n = 41]
3. WAL ERERMSHELE[BI(%), n=41]
WiH FImI Rl t P
24 h MHR 68.31 + 2.05 74.58 +3.97 8.986 0.001
SDNN (ms) 116.74 £ 9.63 106.54 = 8.35 5.124 0.001
SDANN (ms) 100.20 + 6.96 92.84+6.14 5.078 0.001
RMSSD 35.85+3.74 26.31 £ 6.05 8.588 0.001
PNN50 8.96 +1.44 3.02+1.88 16.061 0.001

3.4. SBPF 5iLbETRMU S, FBG BIEX M

24 h MHR. FBG 5 SBPF £ fi#i5¢, SDNN. SDANN. RMSSD LA PNN50 5 SBPF & IEAHK(P <
0.05), W% 4.

Table 4. The Correlations between Heart Rate Variable Parameters and SBPF
= 4. LETRMSHES SBPF MHEX M

B SBPF
Ei=tn
r P
24 h MHR —0.444 0.012
SDNN 0.401 0.001
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SDANN 0.586 0.011
RMSSD 0.384 0.021
PNN50 0.415 0.006
FBG -0.697 0.010
4. e

I BT S T2DM B e WL R T —, 24 L W I s 35k 50 i 5 ki s i 3%
WA K MR A, AR T 58 Sk A IR A PR 2 B 240, A0 T8I i B, e R4t 0 A ] i3 1
FEIRE ST MARAGTR T, BOCEK[6]s a0 SN PR R E A H B L A O 28 B R B T
W, IXATRES A M TR T T A OC[7] e A BN ) A2 SR A £ 2 T O U AT i A A 0 U ) AR
Peo AL SVEFIUSCSE 1, 34 A 38 Jok s ) af P A0 B X A A I A BE A7 (8], W PRI O ML ) A2 AR
5RO, MEGEE LLCOIUIAE 71N B WA A 4280, UREMEZHRE RATEE0]. &
7RI T2DM B2 F S BER TERA MR K ZE R, ER8L4 nSBP. nDBP. 24 h SBP. 24 h DBP /K1
B TR, JERE4L SBPF /KB RAR THIZL4L, H SBPF 5 FBG W#AH, RRmyLEEAAE
AN TR FEE ) 0L A S5, A9 R 2L P 7 S5 e o S, IR AR /K S 5 o B AR A % o A I 7 fi 7 SBPF
O M FET 3, A XS SR TN 7, SO0 A RAET RO M M A R FHAA RS2 L
FHSCPE[10] [11]. S5& AW FTEE 5, Bt SBPF X T2DM g 347 WA, 7EH PR vs H 3 5 2 I ) e
DB RS I RN 5] R e EA, R RBURIT I, LRI AR E[12].

O FAR S M SO IS B A O H B 25 G I SR R 5 6 TS 1, SR PR R B R B A O
JIE AP H I BURAIHERR TR R[13] [14]. 0 F R RS H 0, SDNN SO Il A8 BRI R A2 AR 4 S AR
TKAIKAN, BB, BE. 2R E SR EZEA RN SDANN LGRS B sk 71K, 54
kST 2 A RMSSD. pNNSO0 S WO IR E #28 5K 77 K /N15] [16] [17] [18]. BEAER FUIE Sobs PR s i
BB OB R, BRSO B F AR R AR A K[19]. 1Ak, iEH —IT
meta MW 5 Eon, BEERG S5 SDNN. RMSSD. pNN50 %404 5%, MAEASAL K 504 Rtk S 5H
FK[20]. SAHFF L REHILL, FERFF AR 24 h MHR /KA B4 B TH 5, AEFI74H SDNN.
SDANN. RMSSD EAf PNN50 7KF-BH i A« A 0 70 % B0 IE B 544 22 T e B g A2 9 RO L 4847
7E[21], KULAIXT T2DM & i o #47 R sh 250 e B 2, Ik IR0 %648 53 1 S B0 A $ T ST
TIAIT, FELERE R O H EA LR AR R R .

MFE P B 1 i T2DM B LR 5 B A0 O 270 S R Aty o s IR P o ok g vy P L o 0
LR P AR, SECOIFE EMA T EERTE[22] [23]. T2DM H VR0 5 4 A A [ FE R R AR
GRAAE, BFEmEILE. IRRE. MRS, XEEEL BTG EE R RER M [24] . AHF
FLif I %) T2DM 3% SBPF 5.0 %38 B 2%, FBG KM K101 &KL, SBPF 5 FBG. 0 H A% F it
ZAAR bR MG, LK SBPF IR 1 & B EM&E R4S, SBPF [#Hixf T T2DM &%
HAEEZ L.

5. &g

zi AR, T2DM AR A I T B3 A e R IO L B W R AR LG R AR 2 vk, T2DM B35 1) SBPF
5 FBG. LERBRMSHA K, KiE SBPF T HE A BT 7l T2DM 883593 155 - TR I ACRE ) R 2
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AW FAAEAE—E RRRIE, AR INE 2 MR Bk T2DM 58 25 e & IR et AT 0 28, it —

AU SBPF 5 FBG. LERERMSHIRIRII KR
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