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Clinical Question Box 22 

Is the hemoglobin-to- red blood cell distribution width ratio (HRR) associated with 23 

mortality in adults with diabetes or prediabetes? 24 

In a nationally representative cohort of 18,017 U.S. adults with diabetes or 25 

prediabetes followed for a median of 8.2 years, lower HRR was independently 26 

associated with higher risks of all-cause and cardiovascular mortality after adjustment 27 

for demographic, lifestyle, and clinical factors. The associations were non-linear, 28 

exhibiting an L-shaped pattern, with disproportionately higher risk at low HRR levels 29 

and inflection points at approximately 1.00 for all-cause mortality and 1.08 for 30 

cardiovascular mortality. 31 

  32 
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 33 

Abstract 34 

Background: The hemoglobin (Hb) to red blood cell distribution width (RDW) ratio 35 

(HRR) has emerged as a novel marker associated with various diseases and poor 36 

prognosis. However, its relationship with all-cause and cardiovascular mortality among 37 

individuals with diabetes or prediabetes remains unclear.  38 

Methods: This population-based prospective cohort study analyzed data from the 39 

National Health and Nutrition Examination Survey (NHANES) from 2001 to 2018, 40 

with mortality follow-up through 2019. All-cause and cardiovascular mortality were the 41 

primary outcomes. Weighted multivariable Cox proportional hazards models were 42 

applied to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for the 43 

association between HRR and mortality. Restricted cubic spline analyses were 44 

conducted to assess potential nonlinear relationships, and segmented Cox models were 45 

applied to estimate HRs and 95% CIs on either side of the identified inflection points. 46 

Results: This study included 18,017 U.S. adults (≥ 20 years) with diabetes or 47 

prediabetes. Over a median follow-up of 8.2 years, 3,380 all-cause deaths and 1,091 48 

cardiovascular deaths occurred. Higher HRR was independently associated with lower 49 

all-cause (HR = 0.10, 95% CI: 0.07–0.14) and cardiovascular mortality (HR = 0.08, 95% 50 

CI: 0.05–0.13). Restricted cubic spline analyses revealed L-shaped inverse associations, 51 

with inflection points at 1.00 and 1.08 for all-cause and cardiovascular mortality, 52 

respectively. The L-shaped pattern persisted among participants with diabetes, whereas 53 
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a linear relationship was observed in those with prediabetes; subgroup, interaction, and 54 

sensitivity analyses confirmed these findings. 55 

Conclusions: In this national cohort study, HRR exhibited a significant L-shaped 56 

association with all-cause and cardiovascular mortality among U.S. adults with diabetes 57 

or prediabetes. These findings suggest that HRR may serve as a promising predictor for 58 

identifying individuals at increased mortality risk in clinical practice. 59 

Keywords: NHANES; HRR; Diabetes; Prediabetes; Mortality. 60 

  61 
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Introduction  62 

Diabetes mellitus (DM) and its complications constitute a major global health 63 

challenge. According to the International Diabetes Federation (IDF), in 2024, 64 

approximately one in nine adults aged 20 to 79 were affected by DM worldwide, with 65 

this number projected to rise to 853 million by 2050.1 DM often remains undiagnosed 66 

for years, particularly in cases of prediabetes. The United States ranks third globally in 67 

DM prevalence, with nearly half of adults aged 65 years or older exhibiting prediabetic 68 

conditions. Diabetes is known to be associated with an elevated risk of various 69 

complications, including nephropathy, retinopathy, and neuropathy.2,3 Notably, type 2 70 

diabetes mellitus (T2DM) and prediabetes are highly prevalent among patients with 71 

cardiovascular disease (CVD) and are linked to adverse outcomes.4 Despite significant 72 

advances in the treatment of heart and circulatory diseases over the past 20 years, CVD 73 

remains the leading cause of death, posing a severe risk to human health.5 Thus, 74 

identifying additional risk factors is crucial to prevent, delay, or mitigate the 75 

progression of diabetes and its related mortality. 76 

An effective prognostic scoring system should be based on readily available, 77 

independent predictors that can be identified early at diagnosis and implemented in a 78 

cost-effective manner in clinical practice. In this context, inflammatory biomarkers 79 

derived from routine laboratory tests, such as the neutrophil-to-lymphocyte ratio and 80 

C-reactive protein, have been shown to be significantly associated with both 81 

cardiovascular and all-cause mortality in patients with T2DM.6,7 The hemoglobin-to-82 
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red blood cell distribution width ratio (HRR), calculated as hemoglobin divided by 83 

RDW, has emerged as a novel inflammation-related biomarker.8 Growing evidence 84 

suggests that a lower HRR is independently associated with increased mortality and 85 

poorer prognosis across a range of conditions, including solid tumors, subarachnoid 86 

hemorrhage, sepsis-associated encephalopathy, and depression, often outperforming 87 

hemoglobin or RDW alone.9-12 88 

As a composite marker derived from routine tests, HRR may capture inflammatory 89 

and disease-severity signals more effectively than hemoglobin or RDW individually. 90 

Although diabetes is widely recognized as a driver of vascular inflammation, 91 

substantial evidence also supports a central role of chronic low-grade inflammation in 92 

the pathogenesis of T2DM.13 Notably, the West of Scotland Coronary Prevention Study 93 

demonstrated that elevated C-reactive protein independently predicted future T2DM 94 

risk, regardless of body mass index, lipid levels, glycemia, or statin use.14 However, the 95 

relationship between HRR and all-cause or cardiovascular mortality among individuals 96 

with diabetes or prediabetes remains insufficiently characterized. 97 

This study addresses existing gaps by applying a prospective cohort design based on 98 

data from National Health and Nutrition Examination Survey (NHANES) to examine 99 

the associations between HRR and all-cause and cardiovascular mortality among 100 

individuals with diabetes or prediabetes.15 The use of a large, nationally representative 101 

sample enables a comprehensive evaluation of HRR’s prognostic value for survival 102 

outcomes. Clarifying the relationship between HRR and mortality may enhance clinical 103 
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decision-making and public health strategies aimed at improving risk stratification and 104 

management among diabetic and prediabetic populations. Additionally, these findings 105 

may provide a foundation for future research exploring the role of biomarkers in 106 

diabetes-related outcomes. 107 

  108 
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Materials and Methods  109 

Study Design and Population 110 

This cohort study utilized data from NHANES, which collects data biennially using 111 

a complex, multistage probability sampling method from the noninstitutionalized 112 

civilian population of the United States.16 As a result, the IRB of The First Affiliated 113 

Hospital of Chongqing Medical University determined that this study was exempt from 114 

further review and that additional informed consent was not required. This study 115 

adheres to the Strengthening the Reporting of Observational Studies in Epidemiology 116 

(STROBE) reporting guideline.17 Data were obtained from U.S. adults aged 20 years 117 

and older who participated in nine cycles of NHANES conducted between 2001–2002 118 

and 2017–2018.  119 

Definition 120 

In NHANES, hemoglobin (Hb, g/dL) and red cell distribution width (RDW, %) 121 

were measured in peripheral blood samples using a Coulter® DxH 800 analyzer at 122 

mobile examination centers. Detailed laboratory methodologies are available on the 123 

NHANES website. In this study, HRR was treated as a continuous independent variable. 124 

Additionally, HRR was categorized into tertiles—low (< 1.01), medium (1.01–1.14), 125 

and high (≥ 1.14)—to evaluate its association with mortality outcomes, consistent with 126 

previous studies.18 Diabetes and prediabetes were diagnosed according to the 2021 127 

American Diabetes Association guidelines.19  128 

Outcomes 129 
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The primary outcome was all-cause mortality, and the secondary outcome was 130 

cause-specific mortality. Mortality data were obtained by linking NHANES records to 131 

the National Death Index (NDI) using unique participant identifiers, with deaths 132 

ascertained through December 31, 2019. Causes of death were classified based on the 133 

International Statistical Classification of Diseases and Related Health Problems, Tenth 134 

Revision (ICD-10) codes.20 Cardiovascular mortality was defined as death due to heart 135 

disease or cerebrovascular disease. Time to event was calculated from the date of the 136 

NHANES examination to the date of death or the end of follow-up, whichever occurred 137 

first. 138 

Potential Covariates 139 

Covariates included demographic characteristics, body mass index (BMI), smoking 140 

status, alcohol consumption, and chronic diseases. Demographic variables comprised 141 

age at baseline, sex, self-reported race/ethnicity, education level, marital status, and 142 

family poverty income ratio (PIR). Chronic diseases included hypertension, diabetes, 143 

cardiovascular disease (CVD), stroke, and cancer. 144 

Age at baseline was categorized into three groups: < 45 years, 45–64 years, and ≥ 65 145 

years. Race/ethnicity was classified into four categories: Hispanic (Mexican American 146 

and other Hispanic), non-Hispanic White, non-Hispanic Black, and other (Asian and 147 

multiracial). Race/ethnicity was included because of its potential influence on the 148 

association between HRR and mortality. Education level was grouped as < high school, 149 

high school or equivalent, and ≥ college. Family PIR was categorized as < 1.3, 1.3–3.5, 150 
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and ≥ 3.5. BMI was categorized into four groups: underweight (< 18.5 kg/m²), normal 151 

weight (18.5–24.9 kg/m²), overweight (25.0–29.9 kg/m²), and obese (≥ 30.0 kg/m²). 152 

Statistical Analysis 153 

According to NHANES analytic guidelines, complex sampling design and sampling 154 

weights were considered in all analyses of our study. Participant characteristics were 155 

summarized as means (95% CIs) for continuous variables and unweighted frequencies 156 

(weighted percentages) for categorical variables. Continuous data were compared using 157 

t-tests, and categorical data were compared using the χ2 test. These means and 158 

frequencies could be generalized to the U.S. adult population. 159 

Multivariable Cox proportional hazards regression models were conducted to 160 

estimate hazard ratios (HRs) and 95% CIs of all-cause and cardiovascular mortality 161 

associated with HRR as both a continuous variable and a categorical variable. The 162 

proportional hazards assumption was evaluated using Schoenfeld residuals. P values 163 

for trends across the three groups were also calculated. Model Ⅰ was the crude model, 164 

while Model II was adjusted for age, sex, race/ethnicity, education level, marital status, 165 

family PIR, BMI, smoking status, alcohol consumption, hypertension, diabetes, heart 166 

disease, stroke, and cancer. Subgroup analyses were conducted according to sex, age 167 

group, race/ethnicity, education level, marital status, family PIR, BMI categories, 168 

smoking status, and alcohol consumption. A stratified analysis was performed in Model 169 

II to assess the association between HRR and all-cause mortality, and interaction P 170 

values were determined using likelihood ratio tests. 171 
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Furthermore, restricted cubic spline (RCS) regressions were applied to estimate the 172 

possible nonlinearity between HRR and the risks of all-cause mortality and cause-173 

specific mortality after adjustment for all covariates included in Model II. Additionally, 174 

we used the Kaplan-Meier survival analysis to compare all-cause and cardiovascular 175 

mortality across different HRR groups. 176 

Finally, to assess the robustness of the association results, we conducted several 177 

sensitivity analyses: (a) excluding participants who died from accidental (unintentional 178 

injuries) causes; (b) excluding participants who died within two years of follow-up to 179 

reduce potential reverse causation; and (c) excluding participants with baseline CVD, 180 

stroke, or cancer. In addition, an E-value analysis was performed to quantify the 181 

minimum strength of association that an unmeasured confounder would need to have 182 

with both HRR and mortality to fully explain away the observed associations. All 183 

statistical analyses were performed using R software (version 4.4.1, R Project for 184 

Statistical Computing) and EmpowerStats (version 4.1). In all tests, a two-sided P < 185 

0.05 was considered statistically significant. 186 

  187 
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Results 188 

Basic Characteristics 189 

Among 50,201 NHANES participants, 22,709 adults were identified as having 190 

diabetes or prediabetes. Participants lacking HRR-related data (n = 592), survival status 191 

(n = 39), or covariate information (n = 4,061) were excluded, yielding a final analytic 192 

sample of 18,017 participants (Figure 1). Characteristics of excluded participants and 193 

comparisons with the analytic sample are provided in Table S1. Baseline characteristics 194 

of participants with diabetes or prediabetes (mean [SD] age, 56.8 [16.2] years; 52.9% 195 

men [weighted]; 67.0% non-Hispanic White [weighted]) stratified by HRR tertiles (low: 196 

< 1.01, n = 5,985; medium: 1.01–1.14, n = 6,025; high: ≥ 1.14, n = 6,007) are 197 

summarized in Table 1. 198 

Compared with participants in the lowest HRR tertile, those in the highest tertile 199 

were younger, more often men and non-Hispanic White, had higher educational 200 

attainment, were more likely to be married, had higher family income, and had lower 201 

BMI. They were also more likely to smoke and consume alcohol, and had a lower 202 

prevalence of chronic diseases. 203 

HRR and All-Cause and Cardiovascular Mortality 204 

  The results of Cox proportional hazards regression analyses regarding the association 205 

of HRR levels with the risk of all-cause mortality and cardiovascular mortality in 206 

participants with diabetes or prediabetes are presented in Table 2. After adjusting for 207 

all covariates (Model II), we found that elevated HRR levels were associated with a 208 
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significantly lower risk of all-cause mortality (HR 0.10, 95% CI = 0.07–0.14) and 209 

cardiovascular mortality (HR 0.08, 95% CI = 0.05–0.13). Furthermore, we examined 210 

the relationship between categorized HRR levels in tertiles (low [< 1.01], medium 211 

[1.01–1.14], and high [≥ 1.14]) and the risk of all-cause mortality and cardiovascular 212 

mortality (Table 2). Compared with participants in the low HRR group, those in the 213 

high HRR group showed significantly lower all-cause mortality risk (HR 0.45, 95% CI 214 

= 0.39–0.51) and lower cardiovascular mortality risk (HR 0.39, 95% CI = 0.32–0.47). 215 

 In addition, RCS regression was performed to further examine the dose-response 216 

relationship between HRR (as a continuous variable) and mortality. Figure 2A and 2B 217 

demonstrate significant L-shaped (P for non-linearity = 0.004 and 0.024, respectively) 218 

negative association between HRR and all-cause and cardiovascular mortality. 219 

Segmented Cox regression analysis identified inflection points of 1.00 and 1.08 for all-220 

cause and cardiovascular mortality, respectively (Table S2).  221 

We also conducted RCS regression to examine the dose-response association between 222 

HRR (as a continuous variable) and mortality in diabetic and prediabetic 223 

subpopulations, respectively (Figure S1). The results revealed a significant L-shaped 224 

(P for non-linearity = 0.001 and 0.020, respectively) negative association between HRR and 225 

all-cause and cardiovascular mortality in participants with diabetes. Interestingly, HRR 226 

exhibited no significant nonlinear (P for non-linearity = 0.864 and 0.277, respectively) 227 

correlation with all-cause and cardiovascular mortality in prediabetic participants. 228 
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 Moreover, Kaplan-Meier survival plots demonstrated that participants in the low 229 

HRR group experienced significantly higher cumulative risks of both all-cause and 230 

cardiovascular mortality than those in the high HRR group (Figures 2C and 2D). 231 

Similar patterns were also observed for all-cause and cardiovascular mortality in 232 

diabetic and prediabetic populations (Figure S1). 233 

Subgroup and Sensitivity Analyses 234 

A series of subgroup analyses was conducted to further assess the association 235 

between HRR levels and the risk of all-cause and cardiovascular mortality, stratified by 236 

sex, age, race/ethnicity, education level, marital status, family poverty income ratio 237 

(PIR), BMI, smoking status, and alcohol consumption. Significant interactions were 238 

identified between HRR levels and family PIR (P for interaction = 0.004) and smoking status 239 

(P for interaction = 0.03) concerning all-cause mortality (Figure 3). Similarly, interactions 240 

were observed between HRR levels and family PIR (P for interaction = 0.006) and smoking 241 

status (P for interaction = 0.04) for cardiovascular mortality (Figure S2). Nevertheless, the 242 

overall findings remained generally consistent across subgroups. 243 

Several sensitivity analyses were conducted to assess the robustness of the observed 244 

findings. After excluding participants who died from accidental causes, an inverse 245 

association between HRR and all-cause mortality persisted in both Model I and Model 246 

II (Table S3). Excluding participants who died within the first two years of follow-up 247 

yielded stable associations between HRR and the risks of all-cause and cardiovascular 248 

mortality (Table S4). Furthermore, exclusion of participants with self-reported 249 
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cardiovascular disease, stroke, or cancer at baseline did not materially alter the observed 250 

associations between HRR and all-cause or cardiovascular mortality (Table S5). The E-251 

value analysis indicated that substantial unmeasured confounding would be required to 252 

fully explain the observed associations (Table S6). For high versus low HRR, the E-253 

values were 3.87 (95% CI limit: 3.33) for all-cause mortality and 4.57 (95% CI limit: 254 

3.68) for cardiovascular mortality, suggesting that the results were relatively robust to 255 

unmeasured confounding. 256 

  257 
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Discussion 258 

This study demonstrates that lower HRR levels are independently associated with 259 

higher risks of both all-cause and cardiovascular mortality among adults with diabetes 260 

or prediabetes. Restricted cubic spline analyses further suggest that mortality risk 261 

increases progressively as HRR decreases, with a significant L-shaped inverse 262 

association observed for both all-cause and cardiovascular mortality. Notably, no 263 

significant nonlinear association between HRR and mortality outcomes was observed 264 

in the prediabetes subgroup. Stratified and sensitivity analyses underscore the 265 

robustness of these findings. Collectively, these results suggest that HRR may represent 266 

a novel and clinically meaningful biomarker for identifying individuals with diabetes 267 

and prediabetes who are at elevated risk of mortality. 268 

Hb, an oxygen-carrying protein abundant in red blood cells, is the primary 269 

biochemical marker used to diagnose anemia.21 Additionally, reduced Hb 270 

concentrations have been consistently linked to an increased risk of both cardiovascular 271 

and all-cause mortality.22 Notably, patients with DM may be particularly susceptible to 272 

the harmful effects of anemia, especially in the presence of cardiovascular disease and 273 

hypoxia-induced organ damage.23 Anemia is a common complication of diabetes 274 

mellitus and has been identified as an independent contributor to the pathogenesis and 275 

progression of other diabetes-related complications.24 Previous observational studies 276 

have consistently reported that lower hemoglobin levels are associated with a higher 277 

prevalence and greater severity of diabetic peripheral neuropathy in patients with type 278 
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2 diabetes, including elevated vibration perception thresholds.25,26 These findings 279 

suggest that anemia may contribute to nerve dysfunction and the progression of 280 

diabetes-related microvascular complications. 281 

Red blood cell distribution width, a parameter obtained from routine laboratory tests, 282 

reflects the degree of variation in erythrocyte volume.27 Increased RDW, often resulting 283 

from impaired erythropoiesis and abnormal red blood cell survival, has been associated 284 

with various disorders and higher mortality rates.28 Patients with diabetes tend to exhibit 285 

higher RDW than those without diabetes.29 Prior studies have demonstrated that 286 

elevated RDW is associated with both microvascular and macrovascular complications 287 

in patients with diabetes and serves as a predictor of adverse cardiovascular outcomes.30 288 

Anisocytosis indicates a significant disruption in red blood cell homeostasis, marked 289 

by impaired erythropoiesis and reduced red blood cell survival. These dysfunctions are 290 

linked to telomere shortening, oxidative stress, poor nutrition, dyslipidemia, 291 

hypertension, and inflammation.31 Elevated RDW is associated with several biological 292 

processes, including inflammation, aging, oxidative stress, nutritional deficiencies, and 293 

impaired renal function. Low Hb levels may reflect malnutrition and impaired immune 294 

status, potentially indicating reduced tolerance to treatment. As an integrated marker of 295 

systemic inflammatory burden, HRR has the potential to serve as a valuable tool for 296 

risk stratification in diabetes patients. Given its components, RDW and Hb, HRR is 297 

both cost-effective and readily available through routine blood tests. 298 
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Although the precise biological mechanisms linking HRR and mortality are not fully 299 

elucidated, inflammation likely plays a key role. Inflammatory conditions are known to 300 

contribute to the development and progression of various diabetic complications, 301 

including diabetic nephropathy and vascular disorders.32,33 The mechanisms triggering 302 

inflammation in DM are still not fully understood. However, inflammation is believed 303 

to promote insulin resistance, which, when coupled with hyperglycemia, exacerbates 304 

the long-term complications of diabetes.34 Chronic inflammation in diabetes may lead 305 

to leukocyte recruitment to the vascular environment and oxidative stress-induced 306 

endothelial damage.35 A previous prospective cohort study involving 1,679 T2DM 307 

patients demonstrated that low-grade inflammation, measured by high-sensitivity C-308 

reactive protein, was an independent risk factor for vascular and all-cause mortality, 309 

though not for cardiovascular events, in high-risk T2DM patients.36  310 

Notably, endothelial function has been reported to be inversely associated with 311 

hemoglobin levels in diabetic patients with stage 1–2 chronic kidney disease, with 312 

proteinuria acting as an effect modifier of this relationship. This observation may 313 

partially explain the observed L-shaped negative association and threshold effects 314 

observed between HRR and both all-cause and cardiovascular mortality among diabetic 315 

patients during our RCS analysis. In contrast, no significant nonlinear relationship was 316 

observed between HRR and these outcomes in the prediabetes subgroup, possibly due 317 

to the absence of diabetic nephropathy in this group. 318 
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However, several limitations of our study should be acknowledged. First, given the 319 

observational design, the associations between HRR and all-cause and cardiovascular 320 

mortality indicate correlation rather than causation. Second, the response rate of 321 

NHANES declined from 79.6% to 48.8% during 2001–2018, raising the possibility of 322 

nonresponse bias. Third, despite adjusting for potential confounders, residual 323 

confounders may still exist that could affect the results. Finally, only one-time HRR-324 

related measurement was assessed from the participants, and their potential trajectories 325 

were not considered in the present study. Further studies incorporating multiple, 326 

repeated measurements of HRR are required to validate our findings in the future. 327 

  328 
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Conclusion 329 

In this national prospective cohort study, we demonstrated that HRR is an 330 

independent predictor of both all-cause and cardiovascular mortality among U.S. adults 331 

with diabetes or prediabetes. As HRR is derived from routinely available laboratory 332 

parameters, it represents a novel, practical, and potentially useful marker for mortality 333 

risk stratification in future clinical practice. 334 

  335 
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Table 1. Baseline Characteristics of Participants with Diabetes or Prediabetes in NHANES 2001 to 482 
2018 483 
Characteristic Total (n = 18,017) Low (n = 5,985) Medium (n = 6,025) High (n = 6,007) P value 

Age (years) 56.8 (16.0) 59.9 (15.7) 57.8 (15.5) 52.7 (15.9) <0.001 

  < 45 4,283 (27.0) 1,154 (22.3) 1,248 (23.0) 1,881 (33.7)  

  45–64 7,372 (44.4) 2,205 (37.8) 2,559 (45.9) 2,608 (47.8) 

  ≥ 65 6,362 (28.6) 2,626 (39.9) 2,218 (31.1) 1,518 (18.5) 

Male 9,588 (52.9) 1,883 (25.9) 2,993 (45.9) 4,712 (77.6) <0.001 

Race/ethnicity     <0.001 

  Hispanic 4,654 (13.5) 1,294 (12.5) 1,598 (13.4) 1,762 (14.3)  

  White 7,618 (67.0) 1,954 (56.4) 2,591 (67.6) 3,073 (73.8) 

  Black 4,129 (12.3) 2,223 (23.8) 1,268 (11.4) 638 (5.0) 

  Other 1,616 (7.3) 514 (7.4) 568 (7.6) 534 (6.9) 

Education level     0.048 

  Below high school 5,278 (19.5) 1,828 (22.5) 1,721 (18.5) 1,729 (18.1)  

  High school 4,303 (25.3) 1,435 (25.4) 1,414 (25.4) 1,454 (25.2) 

  Above high school 8,436 (55.2) 2,722 (52.1) 2,890 (56.1) 2,824 (56.7) 

Marital status     <0.001 

  Married 9,971 (59.3) 2,864 (51.7) 3,374 (59.9) 3,733 (64.1)  

  Never married 2,049 (11.2) 708 (11.3) 624 (9.9) 717 (12.4) 

  Living with a partner 1,065 (6.2) 304 (5.3) 353 (6.3) 408 (6.8) 

  Others 4,932 (23.2) 2,109 (31.8) 1,674 (24.0) 1,149 (16.7) 

Family PIR     <0.001 

  < 1.3 5,695 (21.6) 2,133 (27.3) 1,837 (20.8) 1,725 (18.3)  

  1.3 – 3.5 7,129 (37.9) 2,450 (41.5) 2,387 (37.4) 2,292 (35.8) 

  ≥ 3.5 5,193 (40.5) 1,402 (31.3) 1,801 (41.7) 1,990 (45.9) 

BMI (kg/m²) 30.8 (7.2) 32.1 (8.4) 30.4 (7.0) 29.8 (6.0) <0.001 

  < 18.5 155 (0.9) 49 (1.1) 74 (1.3) 32 (0.5)  

  18.5–24.9 3,365 (17.8) 1,055 (16.8) 1,172 (18.8) 1,138 (17.8) 

  25.0–29.9 6,017 (32.8) 1,656 (26.5) 2,038 (32.6) 2,323 (37.2) 

  ≥ 30 8,480 (48.5) 3,225 (55.6) 2,741 (47.3) 2,514 (44.5) 

Smoking 8,933 (49.8) 2,595 (43.6) 3,006 (50.4) 3,332 (53.7) <0.001 

Alcohol consumption 11,721 (69.4) 3,262 (57.7) 3,833 (67.2) 4,626 (79.3) <0.001 

Hypertension 10,395 (53.5) 3,989 (63.1) 3,458 (53.5) 2,948 (46.9) <0.001 

CVD 2,425 (11.7) 1,087 (17.1) 793 (12.0) 545 (7.6) <0.001 

Stroke 978 (4.3) 488 (7.3) 300 (4.1) 190 (2.5) <0.001 

Cancer 2,203 (13.3) 899 (17.3) 736 (13.8) 568 (9.9) <0.001 

Diabetes 8,715 (44.5) 3,143 (48.4) 2,860 (44.2) 2,712 (42.0) <0.001 

Prediabetes 9,302 (55.5) 2,842 (51.6) 3,165 (55.8) 3,295 (58.0) <0.001 

PIR, Poverty Income Ratio; BMI, Body Mass Index; HRR, Hemoglobin to Red Blood Cell Distribution 484 
Width Ratio; CVD, Cardiovascular Disease.  485 
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Table 2. Hazard Ratios for All-Cause and Cardiovascular Mortality Among Participants with 486 
Diabetes or Prediabetes in NHANES 2001 to 2018 487 
Mortality cause No. of events Model Ia  P value Model IIb P value 

All-cause mortality      

Continuous HRR 3,380 0.08 (0.07–0.11) <0.001 0.10 (0.07–0.14) <0.001 

  HRR low 1,329 1.00 [Reference] NA 1.00 [Reference] NA 

  HRR medium 1,084 0.58 (0.52–0.64) <0.001 0.61 (0.55–0.67) <0.001 

HRR high 967 0.35 (0.31–0.39) <0.001 0.45 (0.39–0.51) <0.001 

P for trend NA NA <0.001 NA <0.001 

Cardiovascular mortality      

Continuous HRR 1,091 0.06 (0.04–0.08) <0.001 0.08 (0.05–0.13) <0.001 

HRR low 465 1.00 [Reference] NA 1.00 [Reference] NA 

HRR medium 325 0.46 (0.39–0.56) <0.001 0.51 (0.42–0.61) <0.001 

HRR high 301 0.28 (0.23–0.33) <0.001 0.39 (0.32–0.47) <0.001 

P for trend NA NA <0.001 NA <0.001 

a Crude model; b Adjusted for age, sex, race/ethnicity, education level, marital status, family PIR, BMI, 488 

smoking status, alcohol consumption, hypertension, diabetes, CVD, stroke, and cancer. 489 

  490 
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Figure 1. Flowchart of the Study Participants in NHANES from 2001 to 2018 491 

 492 

NHANES, National Health and Nutrition Examination Survey; HRR, Hemoglobin-to-Red Blood Cell 493 

Distribution Width Ratio. 494 

  495 
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Figure 2. Association of HRR with All-Cause and Cardiovascular Mortality Among Individuals with 496 

Diabetes or Prediabetes 497 

 498 
RCS regression estimated HRs for all-cause (A) and cardiovascular (B) mortality across continuous HRR 499 
levels after multivariable adjustment. Cumulative incidence of all-cause (C) and cardiovascular (D) 500 
mortality was demonstrated by HRR tertiles (low < 1.01, medium 1.01–1.14, high ≥ 1.14). Shaded areas 501 
indicate 95% CIs. 502 
  503 
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Figure 3. Associations Between HRR Levels and All-Cause Mortality Among Subgroups 504 

 505 


