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Hemoglobin—to—red cell distribution width ratio and diabetes mellitus:

a cross—sectional analysis of NHANES database
TANG Yan", HUI Jie, ZHANG Wan—jia, TANG Bin—quan, XIAO Fan, YU Rong
"The First Affiliated Hospital of Hunan University of Chinese Medicine, Changsha, Hunan 410007, China

Abstract: Objective This study aims to explore the association between the hemoglobin—to-red blood cell distribution width
ratio  (HRR) and the risk of diabetes mellitus (DM). Methods A total of 16 392 participants from the 2001—2020 National
Health and Nutrition Examination Survey (NHANES) database were selected for this study. Logistic regression, subgroup
analysis, and restricted cubic splin  (RCS) analysis were applied to investigate the relationship between HRR and DM. Results
The mean HRR among the included participants was 0.27 £0.98, with diabetic patients showing significantly lower HRR
compared to the control group (P<0.001). Logistic regression analysis revealed that when HRR was modeled as a continuous
variable, for each standard deviation increase in HRR, the risk of DM decreased by 11% (OR=0.89, 95% CI: 0.84-0.95). When
HRR was treated as a categorical variable based on quartiles, the highest fourth quartile (Q4) consistently showed a significant
reduction in DM risk compared to the lowest quartile (Q1) across all three models (OR<1). Subgroup analysis demonstrated that
increased HRR was associated with a reduced risk of DM in most subgroups, with most P—values<0.05. The dose-response
analysis indicated a linear negative correlation between HRR and the risk of DM (P—nonlinear=0.395). Conclusion HRR is
associated with the risk of DM, and higher HRR levels are protective against the development of diabetes.
Keywords: Hemoglobin—to-red cell distribution width ratio; Diabetes mellitus; NHANES
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Figure 1 Flow chart of participant screening
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Table 1 Clinical characteristics of NHANES participants, 2001—2020 [ (x ), n(%) ]
A B FE(n=16392)  BEIRZ (n=13 199) BEIIARZ (n=3 193) ] PIH
AEE (%) 4747 = 1678 4541+ 16.39 5932+ 13.85 36.923 <0.001
PES 6.047 0.015
B 8011 (48.8) 6335 (48.4) 1676 (51.6)
5’s 8381 (51.2) 6864 (51.6) 1517 (48.4)
Filrjize 6.918 <0.001
BPEFE RE A 2528 (7.8) 1960 (7.7) 568 (8.9)
H AL PR 7 1395 (4.9) 1082 (4.9) 313 (5.4)
AT E A 7 556 (70.5) 6260 (71.2) 1296 (66.4)
E[HUEI RPN 3372 (10.1) 2613 (9.6) 759 (12.7)
Hﬁﬁﬁﬂ 3 1541 (6.6) 1284 (6.6) 257 (6.6)
JRIEIN 0.174 0.678
Eﬂ&dﬁ SRR & 9992 (64.7) 8 039 (64.6) 1953 (65.2)
HAtb 6400 (35.3) 5160 (35.4) 1240 (34.8)
HERE 62.676 <0.001
FPRLLE 3744 (14.6) 2735 (13.6) 1009 (20.8)
e v ) 52 3798 (23.5) 2986 (22.5) 812 (29.3)
L 8 850 (61.9) 7 478 (63.9) 1372 (49.9)
PIR 21 23.607 <0.001
K (<1) 3140 (12.6) 2479 (12.4) 661 (13.7)
HHEEKF-(1 ~2.99) 6900 (35.5) 5375 (34.2) 1525 (42.9)
FKFE(=3) 6352 (51.9) 5345 (53.4) 1007 (43.4)
W AR 75 9.768 0.002
e 7 493 (45.9) 5900 (45.2) 1593 (50.4)
A 8 899 (54.1) 7299 (54.8) 1600 (49.6)
RIFRIR L 51.019 <0.001
S 12356 (80.2) 10 115 (81.4) 2241 (73.2)
w 4036 (19.8) 3084 (18.6) 952 (26.8)
TR R B R DL 2.033 0.158
= 7167 (43.2) 5720 (42.9) 1447 (44.7)
o 9225 (56.8) 7479 (57.1) 1746 (55.3)
rh SR S FR 88.416 <0.001
S 7214 (44.0) 6104 (51.7) 1110 37.8)
& 9 178 (56.0) 7095 (48.3) 2083 (62.2)
BMI(ke/m?) 29.07 £ 6.90 28.40 £ 6.51 32.92+7.76 20.455 <0.001
BMI 2251 (kg/m?) 219.049 <0.001
IEHACE (<25) 4704 (29.8) 4255 (32.9) 449 (12.3)
AT (25 ~ 29.99) 5467 (33.3) 4541 (34.3) 926 (27.4)
HEJE (=30) 6221 (36.9) 4403 (32.8) 1818 (60.3)
L 443.047 <0.001
2 5952 (32.4) 3896 (27.1) 2056 (62.8)
7 10 440 (67.6) 9303 (72.9) 1137 37.2)
Ak L [T P (me/ L 192.49 + 40.65 193.83 +39.87 184.77 + 44.09 ~7.284 <0.001
1% BE B 26 F1 (mg/d 113.86 + 35.68 115.28 + 34.86 105.68 +39.06 -9.437 <0.001
1o %% IR AR 1] (mey/dl 54.55£16.17 55.46 + 16.07 4934 +15.77 -14.377 <0.001
H I =1 (me/dl”) 119.48 +70.73 114.47 + 66.97 148.24 + 83.73 15.398 <0.001
TN TR SRS (UN 24.95 +18.71 2457 + 18.90 27.10 £17.41 5.763 <0.001
2GR = i (U/L) 24.68 +16.97 24.46 + 16.75 2589 +18.11 3.688 0.025
WUBF(me/d1) 0.89 +0.39 0.87 £0.31 0.97 £ 0.68 6.519 <0.001
MR A (mg/dl) 13.47 +5.34 13.05 £ 4.78 1591 +7.34 17.018 <0.001
ﬁ'(ﬁa(mg/dl*) 5.46 +1.38 539+1.35 5.83+1.52 10.532 <0.001
EH () 421+0.34 423 £0.34 4.11+0.35 -11.410 <0.001
1155 (mg/d1) 9.36 = 0.35 9.36 +0.35 9.37£0.38 0.592 0.619
M (me/dlY) 3.64 +0.54 3.64 +0.54 3.66 £0.57 1.145 0.418
FH A1 000 SAAE /ul) 6.78 +2.19 6.67£2.17 7.41+2.17 12.612 <0.001
T/ (1 000 A2 /) 247 10 + 64 66 247.99 £ 63.25 242.01 +72.02 —3.245 <0.001
HRR 0.31+0.97 0.02 +1.03 -11.152 <0.001

E: A E & . m&rﬂﬁﬁﬁﬁ T mg/d1=0.025 9 mmol/L; T 1 — g N 1 mg/dI=0.011 3 mmol/L; WLEF A T mg/dI=88.40 wmol/L; I
JREAN 1 mg/d1=0.357 mmol/L; JREZ A 1 mg/d1=0.059 5 mmol/L; 1454 1 mg/d1=0.25 mmol/L; ML#4 1 mg/d1=0.323 mmol/L.
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Table 2 Logistic regression analysis of the association between HRR and diabetes mellitus

A 1 BT 2 i 3

i OR(95%CI) PAH OR(95%CI) PAE OR(95%CI) PAE
FERAIN 1 AMBRMERE 0750071 ~ 0.79) <0.001 0.82(0.77 ~ 0.88) <0.001 0.89(0.84 ~ 0.95) <0.001
01 Ref Ref

02 0.74(0.58 ~ 0.75) <0.001 0.72(0.63 ~ 0.83) <0.001 0.87(0.76 ~ 1.00) 0.051
03 0.58(0.50 ~ 0.67) <0.001 0.70(0.59 ~ 0.83) <0.001 0.85(0.71 ~ 1.03) 0.094
04 0.44(0.38 ~ 0.51) <0.001 0.59(0.49 ~ 0.71) <0.001 0.65(0.53 ~ 0.79) <0.001
B P <0.001 <0.001 <0.001
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Figure 2 Restricted cubic spline plot for the relationship of HRR

with diabetes mellitus prevalence
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Figure 3 Subgroup analysis for the association of HRR with

diabetes mellitus
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