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Background

Erythrocyte dysfunction is a characteristic of diabetes mellitus (DM). However, erythrocyte-associated biomarkers do not adequately explain the high prevalence of DM. Here, we describe red blood cell distribution width to albumin ratio (RAR) as a novel inflammatory biomarker for evaluating an association with DM prevalence and prognosis of all-cause mortality.





Methods

Data analyzed in this study were extracted from the National Health and Nutrition Examination Survey (NHANES) 1999−2020. A total of 40,558 participants (non-DM and DM) were enrolled in the study; RAR quartiles were calibrated at Q1 [2.02,2.82] mL/g, Q2 (2.82,3.05] mL/g, Q3 (3.05,3.38] mL/g, and Q4 (3.38,12.08] mL/g. A total of 8,482 DM patients were followed (for a median of 84 months), of whom 2,411 died and 6,071 survived. The prevalence and prognosis associated with RAR and DM were analyzed; age and sex were stratified to analyze the prevalence of RAR in DM and the sensitivity of long-term prognosis.





Results

Among non-DM (n=30,404) and DM (n=10,154) volunteers, DM prevalence in RAR quartiles was 8.23%, 15.20%, 23.92%, and 36.39%. The multivariable odds ratio (OR) was significant for RAR regarding DM, at 1.68 (95% CI 1.42, 1.98). Considering Q1 as a foundation, the Q4 OR was 2.57 (95% CI 2.11, 3.13). The percentages of DM morbidity varied across RAR quartiles for dead (n=2,411) and surviving (n=6,071) DM patients. Specifically, RAR quartile mortality ratios were 20.31%, 24.24%, 22.65%, and 29.99% (P<0.0001). The multivariable hazard ratio (HR) for RAR was 1.80 (95% CI 1.57, 2.05). Considering Q1 as a foundation, the Q4 HR was 2.59 (95% CI 2.18, 3.09) after adjusting for confounding factors. Sensitivity analysis revealed the HR of male DM patients to be 2.27 (95% CI 1.95, 2.64), higher than females 1.56 (95% CI 1.31, 1.85). DM patients who were 60 years of age or younger had a higher HR of 2.08 (95% CI1.61, 2.70) as compared to those older than 60 years, who had an HR of 1.69 (95% CI 1.47, 1.94). The HR of RAR in DM patients was optimized by a restricted cubic spline (RCS) model; 3.22 was determined to be the inflection point of an inverse L-curve. DM patients with a RAR >3.22 mL/g suffered shorter survival and higher mortality as compared to those with RAR ≤3.22 mL/g. OR and HR RAR values were much higher than those of regular red blood cell distribution width.





Conclusions

The predictive value of RAR is more accurate than that of RDW for projecting DM prevalence, while RAR, a DM risk factor, has long-term prognostic power for the condition. Survival time was found to be reduced as RAR increased for those aged ≤60 years among female DM patients.





Keywords: red blood cell distribution width to albumin ratio, NHANES, diabetes mellitus, prognosis, prevalence




1 Introduction

Diabetes mellitus (DM) is now considered to be a global epidemic (1). Importantly, DM-related erythrocyte dysfunction is frequently seen in these patients and is pathologically characterized by three stages of severity; initially cholesterol clusters within the erythrocyte membrane (2), erythrocyte osmotic instability (3), and finally, decreased erythrocyte deformability (3). Erythrocyte dysfunction progresses along with the pathogenesis of DM. Increased erythrocyte nitric oxide and endothelial damage were reported in pre-diabetic subjects (4). In late DM, brittle erythrocytes become prone to rupture (5, 6). Although certain erythrocyte-related markers such as red blood cell distribution width (RDW) (5) and hemoglobin (6) are known to associate with DM, they fail to epidemiologically define the generally poor prognosis and highly prevalent nature of DM. For example, relevant odds (OR) and hazard (HR) ratios of RDW are only 1.16 (7) and 1.198 (8), respectively. Here, we evaluated for other indicators useful in detailing the epidemiology of DM.

Prior research has suggested other relevant indicators to be potentially capable of epidemiologically bridging erythrocyte-related markers and DM. RDW to albumin ratio (RAR), a novel inflammatory biomarker, is already widely applied in the setting of various illnesses. For example, RAR independently describes the all-cause mortality of heart failure (9), sepsis (10), and surgical burn wound management (11). Importantly, RAR is known to associate with various complications of DM such as diabetic retinopathy prevalence (12) and a poor prognosis of DM-related foot ulcers (13). However, the role of RAR in the epidemiology of DM itself remains unclear. Here, we integrate cross-sectional and prospective data obtained from over 40,000 subjects to explore the favorable predictive value of RAR for DM-related complications in the context of disease prevalence, prognosis, and all-cause mortality.




2 Methods



2.1 Participants and DM diagnosis

This study analyzed data originally compiled in the National Health and Nutrition Examination Survey (NHANES) public database between the years 1999 and 2020 (https://www.cdc.gov/nchs/nhanes/index.htm).

The diagnosis of DM was determined by the presence of five criteria (14), which included: i) physician confirmation of diabetes diagnosis, ii) glycohemoglobin levels equal to or greater than 6.5%, iii) fasting glucose ≥ 7.0 mmol/L, iv) random blood glucose≥ 11.1 mmol/L, and v) documented use of DM medication.




2.2 The mortality and follow-time definition

Data from the National Death Index supplemented NHANES data. As previously reported (15), DM mortality-related details (16) were matched to a unique NHANES identity number. Follow-up time was calculated from blood drawing to death or December 31, 2019.




2.3 Covariates

Other DM-related conditions were diagnosed using the medical conditions questionnaire (MCQ). Three criteria were considered for covariate filtering: i) demographics variables; ii) previously reported characteristics affecting DM; and iii) treatment-dependent clinical variables.

Medical history details including chronic kidney disease (CKD), chronic obstructive pulmonary disease (COPD), hypertension, arteriosclerotic cardiovascular disease (ASCVD), anemia and congestive heart failure (CHF) were considered to be covariates. Medical diagnoses were established based on accepted guidelines, such as those for hypertension (17). Four criteria were considered for COPD diagnosis, including a post-bronchodilator FEV1/FVC<0.7, a patient self-reported COPD diagnosis (MCQ160g and MCQ160p), a history of smoking and chronic respiratory disease in patients over 40 years of age, or a history of COPD medication use. Patients with a prior history of CHF, angina or stroke were diagnosed with atherosclerotic cardiovascular disease (ASCVD).

Clinical tests were classified as covariates. Biochemical indices considered in this study included blood levels of albumin (ALB), alanine transaminase (ALT), aspartate transaminase (AST), total calcium (Ca), bicarbonate (HCO3), gamma-glutamyl transferase (GGT), glucose (Glu), total protein (TP), triglycerides (TG), uric acid (UA), sodium (Na) and chloride (Cl).

Routine blood parameters considered in this study included percentages of basophils, lymphocytes, monocytes, segmented neutrophils and eosinophils (BaP, LymP, MonP, SegneP, and EoP, respectively), as well as counts of lymphocytes, monocytes, eosinophils, basophils and red blood cells (Lym, Mon, RBC, Eo, Ba, and RBC, respectively). Other hematologic parameters considered for analyses included hemoglobin (Hg), hematocrit (Hem), mean cell hemoglobin (MCH), mean cell hemoglobin concentration (MCHC), RDW, platelet count (Plt), mean platelet volume (MPV) and mean cell volume (MCV).




2.4 Statistical analyses

Statistical analyses were performed using R software (version 4.3.0). The nhanesR package (version 0.9.4.8) was used to glean clinical data from the NHANES database.

Student t-tests were adopted when continuous variables followed a Gaussian distribution on analysis of variance. Otherwise, the Mann-Whitney U test was applied. The chi-squared test was used to evaluate variable factors.

To better explore the relationship between DM prevalence and RAR stratification, we divided them into four groups (Q1, Q2, Q3, and Q4) according to the quartile data of RAR. The ranges of RAR (mL/g) in Q1-Q4 are [2.02,2.82], (2.82,3.05], (3.05,3.38], and (3.38,12.08], respectively.

Logistic regression was used to determine DM and healthy group OR, while Cox regression was used to determine HR. Both OR and HR were calculated with corresponding 95% confidence intervals (CIs). To better explore the relationship between RAR and DM, four models were employed in the adjustment. Model 1: adjusted with none; Model 2: adjusted with Sex and Age; Model 3: adjusted with Sex, Age, CKD, COPD, Hypertension, ASCVD, Anemia, CHF, Ethnicity; Model 4: adjusted with Age, Sex, CKD, COPD, Hypertension, ASCVD, Anemia, CHF, Ethnicity, LymP, SegneP, EoP, BaP, Lym, Mon, Eo, Ba, MCV, MCH, MCHC, Plt, MPV, ALT, AST, HCO3, GGT, Glu, TP, TG, UA, Na, and Cl.

Kaplan–Meier curves were utilized for survival analysis. Restricted cubic spline (RCS) analysis (18) was employed to filter for an optimal RAR threshold in predicting DM patient all-cause mortality.





3 Result



3.1 Basic information

Subjects who were over 18 years of age and had complete RAR, demographic, clinical, and laboratory data available were included in analyses. Exclusion criteria were as follows: i) incomplete or unavailable RAR (n=43,539) or DM questionnaire (n=4) data; ii) individuals less than 18 years of age (n=14,570); or iii) diagnoses were unclear (n=18,205). A total of 40,558 individuals were ultimately included in this study. Of the 10,154 DM patients, 1,672 did not attend follow-up. As such, a total of 40,558 patients were included in DM prevalence analysis of DM, while 8,482 were included in all-cause mortality analysis (Figure 1).




Figure 1 | Study flow chart.



As shown in Table 1, a total of 40,558 subjects were analyzed in this study as representative of 148,827,373 Americans, of whom 21,630 (53.33%) were females and 18,928 (46.67%) were males. The average age of subjects was 46.57 years, and 11,253 (27.75%) were older than 60 years of age. The 40,558 subjects were divided into non-DM (n=30,404) or DM (n=10,154) groups. The DM group had a higher RAR (3.31 ± 0.01) as compared to the non-DM group (3.02 ± 0.00). Only three of the 40 individuals had insignificant results, specifically concerning MonP, RBC, and Ca data. Among DM patients, there was a higher percentage of individuals with conditions such as CKD, COPD, hypertension, ASCVD, and CHF as compared to non-DM patients. Greater percentages of mild and moderate anemia were noted among DM patients.


Table 1 | Basic demographic data of DM and non-DM subjects.



The RAR quartiles (RARQ) were described. General RAR quartile data are summarized in Table 2. The incidence of DM among RARQ was 8.23%, 15.20%, 23.92%, and 36.39%, respectively; DM prevalence increased as RAR increased. Elevated RAR was associated with a significantly greater proportion of male and older patients. Furthermore, males had a higher incidence of DM and generally lower RAR as compared to females (Supplementary Table S1). A greater percentage of older individuals had DM and a higher RAR (Supplementary Table S2). As shown in Table 1, the incidence of CKD, COPD, hypertension, ASCVD, and CHF increased with rising RARQ. The percentage of patients who were Mexican Americans, non-Hispanic blacks, and other Hispanics increased as RAR increased, as the percentage of non-Hispanic whites decreased.


Table 2 | RAR quartile data.






3.2 DM prevalence in RAR

Logistic regression data are presented in Supplementary Table S3 detailing RAR, RARQ, RDW, and ALB. Three different combinations of variables were used to adjust the model. Model 1 was an unadjusted univariate logistic regression model. Model 2 was just adjusted for age and sex. Model 3 encompassed Model 2, ethnicity, and medical history data (e.g. CKD, COPD). Model 4 corrected for more variables than other models, encompassing Model 3 and laboratory data (e.g. UA, Cl). Interestingly, OR values of RAR remained significant on univariate analysis and the three adjusted models. The ORs for the three adjusted models were 2.61 (95% CI 2.42, 2.82), 2.20 (95% CI 1.98, 2.45) and 1.68 (95% CI 1.42, 1.98). To determine the prevalence of DM in different RAR stratifications, Q1 served as a reference for the aforementioned multivariate analyses (Table 3). In Model 4, the RAR quartile ORs were 1.32 for Q2, 1.74 for Q3, and 2.57 for Q4. In conclusion, as RAR quartile progressed, relevant OR increased, indicating that RAR is a risk for DM prevalence.


Table 3 | Logistic regression for RAR, RARQ, RDW, and ALB.



Importantly, RAR OR was consistently greater than RDW OR. For instance, in the adjusted Model 4, RAR OR, and RDW OR were 1.68 and 1.14, respectively. Meanwhile, ALB was found to be a protective factor for DM with an OR of 0.50 (95% CI 0.41, 0.61). Although RAR and RDW are independent risk factors for DM, the greater RAR OR highlights its better predictive value for DM. As such, the clinical value of RAR data is superior to that of RDW for determining DM prevalence.




3.3 Sensitivity analysis for age and sex

The clinical value of RAR for DM in various sex and age stratifications was assessed; details are summarized in Supplementary Tables S4-5. The incidence of DM was found to have been significantly associated with age and gender stratifications in Models 1–3, although in Model 4 the association was not significant. Adjusted Models 2 and 3 revealed that RAR was significantly associated with DM in females (OR: 2.23; 95% CI 1.85, 2.68) and males (OR: 2.13; (95% CI 1.85, 2.46). The OR values of female patients were greater than those of male patients, suggesting a higher sensitivity for females. The RAR OR of patients aged ≤60 years (2.65; 95% CI 2.28, 3.07) was significantly higher than among those older than 60 years (1.76; 95% CI 1.51, 2.05), which indicated a higher sensitivity for participants aged ≤60 years. However, the OR values for sex and age levels were insignificant on adjustment of Model 4 (Supplementary Tables S4-5).




3.4 Survival analysis

Due to the absence of follow-up data, 1,672 DM patients were excluded from survival analysis while a total of 8,482 DM patients were finally included. Throughout the follow-up period, 2,411 DM patients died; 6,071 survived (Table 4). The duration of follow-up ranged from one to 249 months. The RAR found in deceased DM patients (3.37 ± 0.02) was much greater than that found in surviving DM patients (3.25 ± 0.01). The deceased DM patients were of significantly greater age, although patient sex was not found to be significant. Furthermore, a greater percentage of deceased DM patients also suffered CKD, COPD, hypertension, ASCVD, CHF, and/or anemia, according to medical records.


Table 4 | Primary characteristics of deceased and surviving DM patients.



Relevant details of RARQ are summarized in Table 5. As RAR values increased, so did the prevalence of CKD, COPD, hypertension, ASCVD, and CHF. The fatality rates of DM patients among RARQ were 20.31%, 24.24%, 22.65% and 29.99%, respectively (P<0.001). Among the RARQ, Q4 had the highest HR value.


Table 5 | Basic RAR quartile data of DM patients who were followed-up.



Cox regression analysis data relevant to RAR, RARQ, RDW, and ALB are shown in Table 6. As with logistic regression models, three models with multiple covariates were utilized to adjust for RAR HR, which remained significant in Model 4, at 1.80 (95% CI 1.57, 2.05). The Q2, Q3 and Q4 HR values remained significant even on an adjusted Model 4 (Table 6). The optimal HR was found in Q4, at 2.59 (95% CI 2.18, 3.09). As the RARQ advanced, RAR OR values increased, and DM prognosis became poorer. As such, RAR was found to be an independent risk factor for DM prognosis.


Table 6 | Single and multiple variable regulation of the Cox regression model for RAR, RARQ, RDW, and ALB.



Moreover, RAR HR was greater than RDW HR both in single or adjusted Cox regression. Although RAR HR values in the unadjusted and three adjusted models were 2.03, 2.05, 1.79 and 1.80, RDW HR values were 1.23, 1.22, 1.16 and 1.16, respectively. The RAR and RDW HR values in the adjusted Model 4 were 1.80 and 1.16, respectively. Thus, the RAR HR was found to possess superior predictive value for long-term DM prognosis as compared to RDW.




3.5 Sensitivity analysis for prognosis

To evaluate the HR sensitivity of sex and age in relation to RAR among DM patients, stratified Cox regression analysis was performed for DM patients of different ages and genders (Table 7). In adjusted Model 4, DM male patients had a higher HR (2.27; 95% CI 1.95, 2.64) as compared to females (1.56; 95% CI 1.31, 1.85). For RARQ and considering Q1 as a reference, adjusted Q4 for males (3.08; 95% CI 2.46, 3.85) was significantly higher as compared to females (2.19; 95% CI 1.64, 2.92). As such, male DM patients suffered a greater risk of poor prognosis when RAR values increased.


Table 7 | Cox regression of DM patient data for RAR with stratification of sex.



As shown in Table 8, DM patients aged ≤60 years had a higher HR (2.08; 95% CI 1.61, 2.70) as compared to those older than 60 years (1.69; 95% CI 1.47, 1.94). The RAR HR for Q4 in DM patients aged ≤60 years (4.06; 95% CI 2.54, 6.49) was significantly greater than for those older than 60 years (2.06; 95% CI 1.70, 2.50). Poor prognosis was more prevalent among DM patients ≤60 years old as compared to >60 when RAR was increased.


Table 8 | Cox regression of DM patient data for RAR with stratification of age.






3.6 Survival analysis

RCS was used to filter for optimal RAR and RDW values (Figure 2A). In DM patients, RDW and RAR were associated with a poor prognosis; HR values increased as RAR and RDW increased (Figure 2A). The inflection points of RAR and RDW were 3.22 and 13.3, respectively.




Figure 2 | RCS analysis and Kaplan–Meier curve construction.



High- and low-expression groups were established based on the optimal inflection point. DM patients with RAR >3.22 were categorized into a high RAR group; those with RDW >13.3 were categorized into a high RDW group. DM patients had poor survival rates when RAR or RDW values were greater than 3.22 or 13.3, respectively (Figure 2B).





4 Discussion

Here, we explored RAR in the context of DM epidemiology and long-term prognosis. Previous research reported that the combination of RDW and ALB serves as an indicator of RAR-related inflammation (19). Also a risk factor for DM, RAR is a novel inflammatory indicator. Importantly, DM is recognized to possess inflammatory pathologic characteristics. Pro-inflammatory cytokines (e.g. TNF-α) cause insufficient insulin secretion and resistance in DM patients (20). High blood sugar, in turn, affects hemodynamic parameters such as blood viscosity and promotes inflammation that damages red blood cells. As such, RAR reflects red blood cell status as well as systemic inflammation.

Inflammation and erythrocyte pathologies frequently interact. Inflammatory mediators promote damage to the endothelium as well as red blood cells and lead to atherosclerosis (21). Erythrocyte dysfunction also triggers inflammation (21, 22) and dysregulation in oxidation. Interestingly, RDW is known to be a biomarker for erythrocyte damage and assessing critical illness outcomes (23). Similarly, serum ALB is considered to be an inflammatory marker (24). A higher level of inflammation is suggested by a lower serum ALB level, especially in the setting of severe sepsis or septic shock (25). Because RAR is calculated from RDW and ALB, RAR can suggest the presence of erythrocyte dysfunction as well as inflammation.

For analysis of prognosis, RAR is considered in acute biliary pancreatitis (26), foot ulcers due to DM, and stroke. Importantly, RAR is determined using RDW and ALB values; RDW is utilized as a diagnostic indicator and prognosis biomarker for conditions such as atrial fibrillation (27), heart failure (28, 29) and viral infections (30), while RDW plays a significant role in cardiovascular and thrombotic pathology. Higher levels of RDW are associated with an increased risk of thrombotic disorders (31). The significant roles that RDW plays in cardiovascular and thrombotic pathologies highlight the importance of investigating RAR in detail. Meanwhile, higher levels of glycated albumin indicate either higher Glu levels (32) or lower serum ALB; serum ALB was previously reported to be a protective factor in DM prognosis (33). One study of a large Chinese cohort of 30,442 adults reported that the risk of type 2 DM significantly correlated with lower levels of ALB (34). In the context of prior literature having emphasized the crucial independent associations of RDW and ALB with DM, this study considered both to explore their combined use as a better predictive marker for DM.

In the adjusted Model 4, the RAR OR and RDW OR were 1.68 and 1.14, respectively, for DM prevalence. When adjusted for Q1, the Q4 RAR was greater than that of RDW for DM. As RAR levels increased, the prevalence of DM was also noted to rise. For the prognosis of all-cause mortality, RAR duplicated the result as the prevalence; values were significantly higher as compared to those of RDW. Furthermore, RCS was applied to explore the optimal threshold; the inverse L-curve for RAR revealed 3.22 to be the inflection point between the HR and DM (for RDW, it was 13.3). Importantly, DM patients with RAR values greater than 3.22 were likely to suffer a poor prognosis and shorter survival time as compared to those with RAR values ≤3.22. For RDW, DM patients with RDW values greater than 13.3 had a poorer prognosis as compared to those with RDW values ≤13.3. As such, an RAR of 3.22 was found to be optimal for determining whether the prognosis of DM patients was poor.

Further research is certainly warranted to further evaluate the association of RAR with DM. The association of RDW with short-term DM prognosis has been extensively studied, including outcomes at periods of 30 (35) and 90 (9–11) days. Here, the prognostic value of RAR was evaluated at over 84 months. The utilization of RAR in multiple clinical tests has demonstrated clear clinical value. As stated previously, RDW and ALB have already been validated as useful diagnostic indicators. Our findings warrant more detailed research concerning the clinical value of RAR. For instance, the prevalence of CKD, COPD, hypertension, ASCVD, and CHF were found to increase along with RAR (Table 2). As prevalence of the aforementioned conditions is rising, the diagnostic and prognostic values of RAR in respiratory, cardiovascular, metabolic, and urinary pathologies warrants further exploration. By considering RAR alongside other clinical factors, healthcare professionals will be better able to assess DM risk and prognosis, thereby leading to improved patient care and outcomes.

Here, we found significant disparities in sensitivity analysis for the risk of poor prognosis based on sex and age. The male DM patients had a higher risk of suffering poor prognosis as compared to female DM patients when RAR increased. Contrary to our conclusions, one study found that female patients with acute myocardial infarction were more sensitive to RAR (36). However, in a study of coronary artery disease (37) similar to ours result, the unadjusted RAR of male and <60 years coronary artery disease patients had a higher risk of carotid plaque than females. This sex difference may be triggered by the severity of the disease, females’ estrogen level, and menstruation. Acute myocardial infarction (38) is more urgent and fatal than DM which may trigger the sex difference of RAR. Due to menstruation and estrogen, females are more prone to anemia (39) and increased RDW which results in the RAR level being higher than males. Since male RAR is more stable, males are more sensitive to slight fluctuations in RAR.

The advantages of this study included a combination of cross-sectional and prospective analyses, a large sample size and a long follow-up duration, as well as numerous covariates applied in model calibration. First, a cross-sectional approach was employed to for prevalence analysis, while prospective evaluation was performed in the context of a survival analysis. Second, this study analyzed data from over 40,000 individuals compiled over the course of over two decades (i.e. 1999–2020). Finally, more than 30 covariates were adjusted for to ensure result validity. This study ultimately aimed to shed light on the association between RAR and DM in terms of incidence and prognosis.

This study was not without limitations. First, our results should be treated cautiously, as definite causality cannot be established. Further in-depth research to validate the clinical relevance of RAR to DM is certainly required. Although many covariates were modulated, potential confounders likely affected our findings. Second, data misclassification may have led to underestimates of RAR values (40), thereby affecting finding accuracy. Nevertheless, our research highlighted the valuable association between RAR and DM.

In conclusion, future research to investigate the relationship between inflammation and RAR is warranted. The significant role of RDW in cardiovascular and thrombotic disorders as well as the association of RDW with such pathologies underscores the potential clinical importance of RAR.




5 Conclusion

Here, we found that DM prevalence is significantly associated with greater RAR values. Furthermore, greater RAR values were found to associate with worse prognosis in DM patients. Importantly, the risk of poor prognosis was found to be highest among female DM patients ≤60 years of age. As such, further research concerning RAR as an independent risk factor predictive for DM prevalence and poor prognosis is warranted.
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OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
VEETES

RAR rang, mL/g

DM, %

RAR, dL/g

CKD, %

COPD, %

Hypertension, %

ASCVD, %

Anemia, %

Mild
Moderate
Non-Anaemia
Severe

CHF, %

Ethnicity, %
Mexican American
Non-Hispanic Black
Non-Hispanic White
Other Hispanic
Other Race

Sex, (Male), %

Age, year

LymP, %

MonP, %

SegneP, %

EoP, %

BaP, %

Lym, 1000 cells/uL

Mon, 1000 cells/uL

Eo, 1000 cells/uL

Ba, 1000 cells/uL

RBC, million cells/uL

Hg, g/dl

Hem, %

MCYV, fL

MCH, pg

MCHC, g/cL

RDW, %

PIt, 1000 cells/uL

MPV, fL

ALB, g/dL

ALT, U/L

AST, U/L

Ca, mg/dL

HCO3, mmol/L

GGT, U/L

Glu, mg/dL

TP, g/dL

TG, mg/dL

UA, mg/dL

Na, mmol/L

Cl, mmol/L

[2.02,2.82]
1320( 8.23)
2.67+0.00
1063( 7.42)
194(1.82)
2846(23.35)

498( 3.38)

151( 0.83)
10(0.06)
11328(99.10)
0(0.00)

103(0.62)

2409(8.13)
1259( 4.92)
5896(74.90)
849(5.53)
1076(6.52)
7128(60.69)
38.94+0.26
30.510.10
7.93+0.03
58.24+0.10
2.71:0.02
0.67+0.01
2.12+0.01
0.55+0.00
0.1920.00
0.0420.00
4.8020.01
14.88+0.03
43.49+0.07
90.85+0.07
31.100.03
34.230.03
12.22+0.01
251.69+0.87
8.13£0.01
4.59+0.00
26.40:0.21
25.4420.17
9.58+0.01
24.870.06
26.510.35
92.02:0.29
7.37+0.01
142.68+1.74
5.39+0.01
139.300.06

102.87+0.07

(2.82,3.05)
2084(15.20)
297+0.00
1449(11.49)
278(3.37)
3545(31.84)

752( 6.18)

325( 2.30)
37(0.22)
9743(97.48)
0(0.00)

193(1.55)

1864(8.27)
1682( 8.62)
4637(70.36)
850(5.74)
1072(7.01)
4943(47.34)
44.93+0.26
30.44+0.11
7.96+0.03
58.18+0.12
2.77+0.02
0712001
2142001
0.56+0.00
0.20+0.00
0.04+0.00
469+0.01
14.41£0.02
42.27+0.07
90.31+0.07
30.78+0.03
34.08+0.03
12.76+0.01
251.26+1.03
8.18+0.02
430+0.00
25.05+0.25
24.73+0.19
9.43+0.01
24.77+0.05
27.36+0.56
96.60+0.43
7.15:0.01
14657+1.72
5.24+0.02
139.25+0.06

103.22+0.07

(3.05,3.38)
2813(23.92)
3232000
1959(17.53)
328(4.05)
4026(37.47)

1084( 9.55)

653( 4.90)
72(0.58)
8759(94.53)
0(0.00)

318(2.66)

1564(8.28)
2130(12.26)
3969(66.82)
899(6.11)
922(6.53)
3868(38.34)
48.37+0.33
29.81+0.14
7.89+0.03
58.87+0.16
2.77+0.03
0742001
2.18+0.02
057+0.00
0.20+0.00
0.05:0.00
463£001
14.05+0.03
41.44+0.08
89.65+0.09
30.40+0.04
33.90+0.03
13.25+0.01
252.22+1.04
8.24+0.02
4112000
23.38+0.23
23.91+0.20
9.33£0.01
24.78+0.05
27.51£0.57
102.79+0.51
7.03:0.01
149.08+2.19
5.18+0.02
139.33x0.08

103.15+0.06

(3.38,12.08]
3937(36.39)
3.86+0.01
2899(27.16)
435(5.97)
4680(46.12)

1591(15.62)

1717(15.70)
871(8.40)
6832(75.36)
60(0.54)

710(6.48)

1393(8.48)
3156(21.19)
3289(56.48)
785(6.54)
857(7.31)
2989(28.36)
50.79+0.29
2820+0.15
7.96+0.03
60.40£0.17
2.76+0.02
0.76+0.01
2.1120.01
0.60+0.00
0210.00
0.05£0.00
451001
13012003
38.98+0.09
86.84+0.11
29.00+0.05
33.35:0.03
14.66+0.03
260.54+1.49
8.28+0.02
3.82+0.00
2151£0.24
23.52+0.20
9.20+0.01
24.61£0.07
3145+0.76
109.08+0.63
6.92+0.01
146.99+1.84
522002
139.2320.12

103.00+0.07

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

023

< 0.0001

0.18

< 0.0001

0.002

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

<0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

0.01

< 0.0001

< 0.0001

< 0.0001

0.07

< 0.0001

02

< 0.0001





OEBPS/Images/fendo-15-1362077-g002.jpg
1.0

p:<0.0001

@ ©
o o

Arqeqoad [gAIAINg

(ID%S6) IH

0.4

150 200 250
Time(months)

100

50

RAR (dL/g)

1.0

250

200

150

100

50

4|
o
S
<
o
2
o

-o) ©
o o

0.4

Anqeqoad [eAIAINS

20

15

(ID%S6) dH

Time
Time(months)

RDW (%)





OEBPS/Images/table4.jpg
DM

DM patients patients
alive alive
Variable (n=6,071) (n=2,411) P_value
RAR, mL/g 3.25+0.01 3.37+0.02 < 0.0001
CKD, % 1969(29.53) 1489(60.55) < 0.0001
COPD, % 333( 5.86) 257(11.40) < 0.0001
Hypertension, % 4129(65.59) 1934(80.32) < 0.0001
ASCVD, % 1050(16.68) 918(37.85) < 0.0001
Anemia, % < 0.0001
Mild 597( 7.15) 421(15.16)
Moderate 192(2.51) 133(4.42)
Non-Anaemia 5277(90.30) 1854(80.38)
Severe 6(0.04) 3(0.04)
CHF, % 334( 5.03) 422(17.55) < 0.0001
Ethnicity, % < 0.0001
Mexican American 1333(10.63) 403( 5.28)
Non-Hispanic Black 1483(14.24) 573(13.45)
Non-Hispanic White 1892(59.11) 1216(72.38)
Other Hispanic 667(6.68) 123(3.77)
Other Race 697(9.33) 96(5.12)
Sex, (Male), % 7 3023(50.92) 1370(52.85) 0.26
Age, year 56.16+0.26 68.18+0.34 < 0.0001
LymP, % V 29.30+0.18 26.59+0.26 < 0.0001
MonP, % 7.73+0.04 8.22+0.07 < 0.0001
SegneP, % 59.39+0.19 61.53+0.28 < 0.0001
EoP, % 2.91+0.04 3.02+0.05 0.15
BaP, % 0.73+0.01 0.69+0.01 < 0.001
Lym, 1000 cells/uL 2.22+0.02 2.06+0.04 < 0.001
Mon, 1000 cells/uL 0.58+0.00 0.62+0.01 < 0.0001
Eo, 1000 cells/uL 0.22+0.00 0.23+0.00 0.23
Ba, 1000 cells/uL 0.05+0.00 0.05+0.00 0.02
RBC, million cells/uL 4.74+0.01 4.53+0.01 < 0.0001
Hg, g/dl 14.18+0.03 13.85+0.05 < 0.0001
Hem, % 41.90+0.08 40.99+0.14 < 0.0001
MCV, fL 88.63+0.10 90.79+0.15 < 0.0001
MCH, pg 29.99+0.05 30.69+0.06 < 0.0001
MCHG, g/cL 33.81+0.03 33.79+0.04 0.56
RDW, % 13.42+0.03 13.58+0.04 < 0.001
Plt, 1000 cells/uL 249.00+1.62 V 241.53+1.98 0.004
MPV, fL 8.31+0.02 8.22+0.03 0.01
ALB, g/dL 4.17+0.01 4.08+0.01 < 0.0001
ALT, U/L 28.42+0.38 25.68+0.83 0.002
AST, U/L 26.36+0.32 26.85+0.55 0.42
Ca, mg/dL 9.42+0.01 9.46+0.01 0.004
HCO3, mmol/L 24.89+0.07 24.88+0.09 0.93
GGT, U/L 35.37+0.74 44.71+2.66 ‘ < 0.001
Glu, mg/dL 146.09+1.10 150.56+1.95 | 0.05
7 TP, g/dL 7.13%£0.01 7.17+0.02 0.06
TG, mg/dL 201.33+3.99 198.67+4.89 0.68
UA, mg/dL 5.62+0.03 6.11+0.05 < 0.0001
Na, mmol/L 138.92+0.11 138.81+0.09 0.39
Cl, mmol/L 102.32+0.08 102.00+0.11 0.01






OEBPS/Images/table3.jpg
Variables OR OR OR OR
P_value P_value P_value
(95% CI)? = (95% CI)° = (95% CI) = (95% CI)?
RAR <0.0001 L8
3.05(2.85,3.27) ) 2.61(2.42,2.82) <0.0001 2.20(1.98,2.45) <0.0001 (1.42, 1.98) <0.0001
RARQ
Q1 ref ref ref ref ref ref ref ref
132
Q2 2.00(1.80,2.22) <0.0001 1.50(1.36,1.67) <0.0001 1.41(1.26,1.58) = <0.0001 (1.13,153) <0.001
1.74
Q3 3.51(3.18,3.87) <0.0001 2.38(2.14,2.66) <0.0001 2.08(1.85,2.33) = <0.0001 (148, 2.06) <0.0001
2.57
Q4 6.38(5.76,7.07) <0.0001 4.47(4.01,4.98) <0.0001 3.30(2.90,3.74) = <0.0001 (211,3.13) <0.0001
RDW <0.0001 114
1.42(1.38,1.46) . 1.31(1.27,1.35) | <0.0001 1.22(1.17,1.26) = <0.0001 (1.09, 1.20) <0.0001
ALB 0.25(0.23,0.28) <0.0001 0.28(0.25,0.31) <0.0001 0.37(0.33,0.42) <0.0001 ?6531 0.61) <0.0001

a Model 1: unadjusted; b Model 2: adjusted with Sex and Age; ¢ Model 3: adjusted with Sex, Age, CKD, COPD, Hypertension, ASCVD, Anemia, CHF, Ethnicity; d Model 4: adjusted with Age, Sex,
CKD, COPD, Hypertension, ASCVD, Anemia, CHF, Ethnicity, LymP, SegneP, EoP, BaP, Lym, Mon, Eo, Ba, MCV, MCH, MCHC, PIt, MPV, ALT, AST, HCO3, GGT, Glu, TP, TG, UA, Na, and CL.
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<=60 RAR 2.02(1.73,2.36) <0.0001 2.28(1.95,2.67) <0.0001 2.07(1.73,2.48) <0.0001 2.08(1.61, 2.70) <0.0001

Q1 ref ref ref ref ref ref ref ref

Q2 2.02(1.34,3.04) <0.001 2.08(1.38,3.13) <0.001 1.85(1.21,2.83) 0.005 2.04(1.33, 3.11) 0.001

Q3 1.80(1.23,2.62) 0.002 2.20(1.49,3.23) <0.0001 1.87(1.23,2.85) 0.004 2.01(1.29, 3.14) 0.002

Q4 3.76(2.58,5.48) <0.0001 5.00(3.45,7.23) <0.0001 3.50(2.36,5.20) <0.0001 4.06(2.54, 6.49) <0.0001

a Model 1: unadjusted; b Model 2: adjusted with Sex; ¢ Model 3: adjusted with Sex, CKD, COPD, Hypertension, ASCVD, Anemia, CHE, Ethnicity; d Model 4: adjusted with Sex, CKD, COPD,
Hypertension, ASCVD, Anemia, CHF, Ethnicity, LymP, SegneP, EoP, BaP, Lym, Mon, Eo, Ba, MCV, MCH, MCHC, Plt, MPV, ALT, AST, HCO3, GGT, Glu, TP, TG, UA, Na, and Cl.
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DM

YAERE HR (95% CI)® P-value HR (95%Cl)° P-value HR(95% CI)® P-value HR(95% Cl)* P-value
Male RAR 2.48(2.17,2.84) <0.0001 2.20(1.96,2.48) <0.0001 1.98(1.73,2.27) <0.0001 2.27(1.95, 2.64) <0.0001

Q1 ref ref ref ref ref ref ref ref

Q 1.57(1.26,1.96) <0.0001 1.37(1.11,1.68) 0.003 1.37(1.11,1.70) 0.003 1.46(1.18, 1.81) <0.001

Q3 2.16(1.68,2.77) <0.0001 1.58(1.26,1.96) <0.0001 1.47(1.17,1.85) 0.001 1.64(1.31, 2.06) <0.0001

Q4 4.88(3.93,6.06) <0.0001 3.33(2.73,4.06) <0.0001 2.49(2.01,3.09) <0.0001 3.08(2.46, 3.85) <0.0001
Female =~ RAR 1.79(1.61,1.98) <0.0001 1.93(1.71,2.19) <0.0001 1.64(1.43,1.89) <0.0001 1.56(1.31,1.85) ‘ <0.0001

Q1 ref ref ref ref ref ref ref ref

Q 1.59(1.18,2.15) 0.002 1.35(1.03,1.78) 0.03 1.22(0.92,1.61) 0.16 1.26(0.97,1.65) 0.09

Q3 1.62(1.21,2.16) 0.001 1.63(1.24,2.14) <0.001 1.38(1.06,1.80) 0.02 1.52(1.17,1.97) 0.001

Q4 2.74(2.10,3.57) <0.0001 2.77(2.17,3.55) <0.0001 2.10(1.61,2.75) <0.0001 2.19(1.64,2.92) <0.0001

a Model 1: unadjusted; b Model 2: adjusted with Age; ¢ Model 3: adjusted Age, CKD, COPD, Hypertension, ASCVD, Anemia, CHF, Ethnicity; d Model 4: adjusted with Age, CKD, COPD,
Hypertension, ASCVD, Anemia, CHEF, Ethnicity, LymP, SegneP, EoP, BaP, Lym, Mon, Eo, Ba, MCV, MCH, MCHC, Plt, MPV, ALT, AST, HCO3, GGT, Glu, TP, TG, UA, Na, and CL.
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non-DM DM

Variable (n=30,404) (n=10,154)
RAR, mL/g 3.02+0.00 3.31+0.01 < 0.0001
CKD, % 3239( 8.85) 4131(37.29) < 0.0001
COPD, % 645(2.49) 590(7.24) < 0.0001
Hypertension, % 7928(24.43) 7169(68.87) < 0.0001
ASCVD, % 1570( 4.23) 2355(22.24) <0.0001
Anemia, % < 0.0001

Mild 1614(3.65) 1232(9.16)

Moderate 589(1.34) 401(3.00)

Non-Anaemia 28152(94.91) 8510(87.80)

Severe 49(0.10) 11(0.04)
CHF, % 414(1.00) 910(8.14) < 0.0001
Ethnicity, % < 0.0001

Mexican American 5266(8.02) 1964(9.31)

Non-Hispanic Black 5708( 9.48) 2519(13.87)

Non-Hispanic White 14171(70.32) 7 3620(61.93)

Other Hispanic 2406(5.83) 977(6.15)

Other Race 2853(6.35) 1074(8.74)
Sex, (Male), % 13656(45.69) 5272(51.59) < 0.0001
Age, year 41.32+0.19 59.24+0.22 < 0.0001
LymP, % 30.23+0.07 28.64+0.15 < 0.0001
MonP, % 7.94+0.02 7.89+0.03 0.12
SegneP, % 58.47+0.08 59.88+0.15 < 0.0001
EoP, % 2.70+0.01 2.93+0.03 < 0.0001
BaP, % 0.71+0.00 0.73+0.01 < 0.001
Lym, 1000 cells/uL 2.12+0.01 2.19+0.02 < 0.0001
Mon, 1000 cells/uL 0.56+0.00 0.60+0.00 < 0.0001
Eo, 1000 cells/uL 0.19+0.00 0.22+0.00 < 0.0001
Ba, 1000 cells/uL 0.04+0.00 0.05+0.00 < 0.0001
RBC, million cells/uL 4.68+0.01 4.69+0.01 0.21
Hg, g/dl 14.29+0.02 14.09+0.03 < 0.0001
Hem, % 42.01+0.06 41.69+0.07 < 0.0001
MCV, fL 89.90+0.06 89.11+0.09 < 0.0001
MCH, pg 30.59+0.03 30.12+0.04 < 0.0001
MCHG, g/cL 34.01+0.02 33.78+0.03 < 0.0001
RDW, % 12.89+0.01 13.52+0.02 < 0.0001
Plt, 1000 cells/uL 254.67+0.70 246.70+1.21 < 0.0001
MPV, fL 8.17+0.01 8.30+0.02 < 0.0001
ALB, g/dL 4.31+0.00 4.13+0.01 < 0.0001
ALT, U/L 23.92+0.13 27.38+0.34 < 0.0001
AST, U/L ‘ 24.28+0.11 25.99+0.26 < 0.0001
Ca, mg/dL 9.42+0.01 9.41+0.01 0.21
HCO3, mmol/L ‘ 24.74+0.05 24.97+0.05 < 0.0001
GGT, U/L 25.56+0.26 37.79+0.80 < 0.0001
Glu, mg/dL 87.76+0.10 146.42+0.89 < 0.0001
TP, g/dL 7.17+0.01 7.13£0.01 < 0.0001
TG, mg/dL 134.02+1.02 198.56+2.91 < 0.0001
UA, mg/dL 5.18+0.01 5.7240.02 < 0.0001
Na, mmol/L 139.33+0.06 V 139.05+0.09 < 0.0001
Cl, mmol/L 103.27+0.06 102.03+0.07 < 0.0001
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