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Abstract
Diabetic retinopathy (DR) is one of the most common causes of blindness and visual impairment, especially
proliferative diabetic retinopathy (PDR). Early prediction of its occurrence and progression is important.
However, the association between monocyte-lymphocyte ratio(MLR) and PDR remains unclear. This study
aimed to investigate the association between MLR and PDR in the U.S. population with DR from NHANES
2005 to 2008. DR was de�ned by the criteria of the Early Treatment for Diabetic Retinopathy Study based on
nonmydriatic fundus photography. The MLR is the monocyte count/lymphocyte count. The lymphocyte
count and monocyte count can be obtained directly from laboratory data �les. Logistic regression was
applied to explore the association between MLR and PDR. A total of 300 participants were included, the
prevalence of PDR was 9%(27/300). In the multivariate regression models, patients with PDR was
signi�cantly associated with MLR (adjusted OR = 1.9, 95% CI: 1.26, 2.84) after adjusting all of the covariates.
The interaction analysis showed an interactive role in the association between MLR and PDR by PIR(P for
interaction=0.02). MLR were signi�cantly associated with the occurrence of PDR in diabetic patients. The
assessment of MLR levels might be a part of follow-up visits with diabetic patients.

Introduction
Diabetic retinopathy (DR) is suggested to be a leading cause of blindness, and it contributes to 2.6% and
1.9% of visual impairmen and tblindness in worldwide[1]. The prevalence of DR is approximately 33% in
western countries[2]. Therefore, early identi�cation of the microvascular complication risks provide an
opportunity to delay or stop disease onset[3]. Some studies have shown that many biomarkers can re�ect the
presence of microvascular complications[4], and they are also associated with the risk of retinopathy[5].

Increasing evidence points that many in�ammatory markers are associated with increased risk of DR[6], and
in�ammation-related markers would play important roles in prediction and disease assessment of DR.
Monocyte-lymphocytes ratio (MLR) is a novel in�ammatory marker, and plays an important role in prediction
and prognosis of some in�ammation-related diseases, such as tumors, cardiovascular diseases and DR[7].
Some previous studies have showed that WBC sub-types were closely associated with in�ammatory state of
DR[8]. We speculated that MLR may play important roles in development and progression of DR, and it would
had a valuable signi�cance in PDR patients. However, the associations of MLR with PDR is unknown. Thus,
the aim of this study was to explore the clinical and predictive signi�cance of MLR in PDR patients.

Methods
Study Population

The National Health and Nutrition Examination Survey (NHANES) is executed by the National Center for
Health Statistics (NCHS), which contains these US noninstitutionalized civilian participants. All participants
underwent comprehensive measurements, such as physical and laboratory examinations and standardized
interview questionnaires, including socioeconomic, demographic, and health-related questions. 
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In our study, we used public data from two NHANES cycles (2005–2006, 2007–2008). More informations
about the data are available on the NHANES website (www.cdc.gov/nchs/nhanes/). Between 2005 and 2008,
there were 20,497 participants in NHANES. We �rst excluded 19,199 participants with no diabetes. The
subsequent exclusion criteria were as follows: (I) unknow retinopathy grading (n=414); (II) unknown
peripheral blood MLR (n=46); (III) no diabetic retinopathy (n=538). After excluding these factors, 300
participants were included in the �nal study.

According to the Declaration of Helsinki, this design was approved by the institutional review board of the
NCHS. Before examinations, all participants completed informed consents.

Study variables and outcome

The MLR is the monocyte count/lymphocyte count. The lymphocyte count and monocyte count can be
obtained directly from laboratory data �les. The neutrophil count is calculated from the white blood cell count
and neutrophil percentage.

DR[9] was de�ned by the presence of hemorrhages, hard exudates (HE), cotton wool spots (CWS),
microaneurysms (MA), venous beading, intraretinal microvascular abnormalities (IRMA), and retinal new
vessels based on the severity scale of the Early Treatment for Diabetic Retinopathy Study (ETDRS).
Nonmydriatic fundus photography (TRC-NW6S; Topcon, Tokyo, Japan) was applied for measuring the level
of retinopathy in the worse eye. The grades were categorized into no DR, non-proliferative DR, and
proliferative DR. Detailed information is listed in the Digital Grading Protocol of the NHANES.

Other covariates included sex (male or female), age, race (non-Hispanic white, non-Hispanic Black, Mexican
American, other Hispanic and other), marital status (married, unmarried and other), poverty income ratio (<1,
≥1), education level (less than high school, high school or equivalent, college or above and other), BMI (<25.0,
25.0-29.9 and≥30.0 kg/m2), cotinine (<0.015, 0.015-10, and≥10), HbA1C (<7%, ≥7%). Diabetes are de�ned
as self-reported physician-diagnosed diabetes[10]. Duration of diabetes[11] was calculated from the reported
age at screening minus the age of the subject when �rst told he/she had diabetes. Family history of diabetes
was determined by the answer to the following question: ‘Including living and deceased, were any of your
biological relatives, that is, blood relatives, including grandparents, parents, brothers, and sisters, ever told by
a health professional that they had diabetes?’

Statistical Analysis

All the analyses were performed with the statistical software packages R (http://www.R-project.org, The R
Foundation) and Free Statistics software versions 1.3. The differences of continuous and categorical
variables were investigated using the independent-test and the chi-squared test, respectively. These logistic
regression models were used to determine the relationship of MLR with the presence of PDR. Model 1 was
unadjusted. Model 2 was adjusted by age, sex, race, PIR. Model 3 was Model 2 + adjusted by BMI, Cotinine,
total cholesterol, HGB, Model 4 was Model 3 + adjusted by HbA1C, duration of diabetes. Subgroup analysis
examined the relationship between MLR and PDR according to PIR. Test for interaction in the logistic
regression model was used to compare odd ratios (ORs) between the analyzed subgroups. 
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Results
Study population characteristics

Based on the inclusion and exclusion criteria in Fig. 1, we selected 300 quali�ed participants from NHANES
2005-2008. PDR was detected in 27 subjects (9%). Table 1 shows the demographic, socioeconomic,
comorbidity and baseline characteristics by PDR and NPR. Signi�cant differences in PIR, cotinine, HGB and
duration of diabetes were observed between PDR and NPR (all P-valueso0.05). The lower levels of PIR and
HGB were present in the group of subjects with PDR (P= 0.012, 0.002). Subjects with PDR had the longest
duration of diabetes (21.6 years, P=0.002) and with NPR (14.8 years). A higher percentage of the lowest
levels of cotinine in the PDR group (33.3%) compared with 17% for NPR (P=0.043).

Factors associated with PDR

Regression analysis was performed to identify factors in the entire study population that were associated
with PDR. The result of univariate ordinal regression analysis indicates PIR, ethnicity (other), cotinine (high),
HGB, and duration of diabetes were positively associated with PDR (all P < 0.05, Table 2). 

Association between MLR and the Presence of PDR

In the multivariate regression models, MLR was positively associated with the presence of PDR with an odds
ratio (OR) of 1.38 (95% con�dence interval (CI): 1.1–1.75), 1.74 (95% CI: 1.28–2.38), 1.6 (95% CI: 1.14–2.24),
1.9 (95% CI: 1.26–2.84) in Model 1, Model 2, Model 3 and Model 4, respectively (Table 3). 

In addition, after adjusting all of the covariates, the interaction of MLR with PIR signi�cantly affected the
Presence of PDR (P= 0.002) 

The interaction analysis revealed that PIR played an interactive role in the association between MLR and the
presence of PDR. PIR<1 subgroup had higher OR between MLR and the presence of PDR (OR = 5.7; 95% CI;
1.05 - 30.8; P= 0.043) than PIR≥1 subgroup (OR = 1.74; 95% CI,1.05–2.89; p = 0.032)(Table4, Fig 2).

Discussion
In this study, we used the NHANES database. Our results showed for the �rst time that the MLR increased as
the incidence of PDR increased. There was a signi�cant correlation between MLR and PDR. After adjusting
for other confounding factors, MLR was associated with the prevalence of PDR. This indicates that the MLR
might be used as a predictor for the occurrence and progression of PDR.

Increasing evidences have showed that there are a dominant role of chronic in�ammation in the development
of diabetic retinopathy [12]. Grossmann et al. pointed that WBCs, granulocytes, and monocytes except the
lymphocyte gradually increased from normoglycemic subjects to subjects with diabetes[13]. And Ji et al.
reported that monocyte to lymphocyte ratio (MLR) or lymphocyte to monocyte ratio (LMR) could mirror the
circulating immune status of the host[14]. The MLR level may have better stability than independent
monocyte, lymphocyte and leukocyte levels because of the balance between the monocyte and lymphocyte
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levels which is less affected by various physiologica and lpathological status. The MLR has been considered
a novel in�ammatory biomarker as a readily available and inexpensive index calculated by blood routine
examination. Therefore, MLR might be a good re�ection of different clinical conditions in DR patients.

Qinghua Huang et al. showed that a signi�cantly higher MLR in DR patient with proliferative stage than that
with non-proliferative stage, and the MLR is a powerful predictor for the occurrence of DR[15]. Song Yue et al.
suggested that higher MLR values may be an independent risk factor for DR[16]. Some studies shouwed that
the increasing of the MLR may be associated with the production of the pro-in�ammatory chemokines such
as IL-6, TNF-α, IL-1β, and MCP-1 .They play major roles in the recruitment and activation of monocytes and
leukocytes, and the subsequent in�ammatory responses in DR patients[6, 15]. However, the relationship
between PDR and MLR has not been investigated so far. In our study, we found that PDR patients had
remarkably higher MLR than NPDR patients. Because of an enhanced in�ammatory response and a reduced
immune function, a high MLR in PDR patient may be resulted from an increased number of monocytes and a
decreased number of lymphocytes. Therefore, the �ndings suggest that MLR is closely associated with the
risk of PDR.

Heng Wan et al. Showed that the low peripheral blood monocyte levels as a biomarker can screen the early
stage of DR, but the level of neutrophils and lymphocytes cannot be a biomarker[17]. There are two ways to
attracting and in�uxing monocytes into the retina. One is adhering to the outer surface of retinal capillaries,
and the other is breaking down the blood-retinal barrier. Finally, it may decrease the monocyte level in the
peripheral blood. The controversial results may be resulted from the different conditions of the participants,
such as subject heterogeneity and lifestyle difference.

We found that MLR was signi�cantly higher in DR patients with PIR<1 group than PIR≥1 group. A higher
family poverty income ratio was associated with the presence of PDR. It is likely that many low-income
participants were not able to afford the recommended treatment of diabetes. Inorder to con�rm these
�ndings, additional studies are needed.

There are some limitations to this study. First, our study is based on the NHANES database, which is a cross-
sectional study; further research requires a prospective study. Second, there is no information in the NHANES
database about the type of diabetes. Moreover, NHANES survey results are based on participants’ self-
reported data and require the use of a diagnostic test. Third, even though a relationship between the MLR and
the presence of PDR was established, the causal relation could not be addressed due to the study’s cross-
sectional design.

Conclusions
The study investigated the relationship between MLR and the occurrence of PDR. The MLR is signi�cantly
increased in PDR patients after adjusting for confounding variables. The MLR is a convenient and
economical biomarker derived from a routine blood examination, it may play an important role in follow-up
visits in diabetic patients. Additional studies are needed to identify the mechanism explaining the association
between the MLR and PDR.
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Tables
Table 1. Baseline characteristics of patients 
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Characteristics Total NPDR PDR  

n 300 273 27 p

age (years) 63.9 ± 10.5 63.9 ± 10.7 63.0 ± 7.8 0.655

sex, n (%)       0.174

   male 165 (55.0) 154 (56.4) 11 (40.7)  

   female 135 (45.0) 119 (43.6) 16 (59.3)  

Race/ethnicity, n (%)       0.100

    Non-Hispanic white 108 (36.0) 103 (37.7) 5 (18.5)  

    Non-Hispanic black 105 (35.0) 93 (34.1) 12 (44.4)  

    Mexican American 58 (19.3) 53 (19.4) 5 (18.5)  

    Other 29 ( 9.7) 24 (8.8) 5 (18.5)  

marriage, n (%)       0.189

  married 185 (61.7) 172 (63) 13 (48.1)  

  unmarried 12 ( 4.0) 10 (3.7) 2 (7.4)  

  other 103 (34.3) 91 (33.3) 12 (44.4)  

PIR 2.4 ± 1.5 2.5 ± 1.5 1.7 ± 1.2 0.012

BMI, n (%)       0.171

    Underweight/normal 40 (13.4) 35 (12.8) 5 (19.2)  

    Overweight 102 (34.1) 97 (35.5) 5 (19.2)  

    Obese 157 (52.5) 141 (51.6) 16 (61.5)  

Cotinine, n (%)       0.043

    < LOD (< 0.015) 55 (18.5) 46 (17) 9 (33.3)  

    Low (≥ 0.015–10) 179 (60.1) 163 (60.1) 16 (59.3)  

    High (≥ 10) 64 (21.5) 62 (22.9) 2 (7.4)  

HbA1C poor control, n (%)       0.370

   no  98 (32.9) 92 (33.8) 6 (23.1)  

   yes 200 (67.1) 180 (66.2) 20 (76.9)  

HGB(g/dL) 13.6 ± 1.7 13.7 ± 1.7 12.7 ± 1.4 0.002

CRP 0.2 (0.1, 0.7) 0.2 (0.1, 0.6) 0.3 (0.2, 1.3) 0.188

HDL (mmol/L) 1.3 ± 0.4 1.3 ± 0.4 1.3 ± 0.4 0.567
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Total cholesterol(mmol/L) 4.8 ± 1.2 4.8 ± 1.2 5.2 ± 1.2 0.069

Family history of diabetes, n (%) 206 (68.7) 185 (67.8) 21 (77.8) 0.582

Duration of diabetes (years) 15.4 ± 11.0 14.8 ± 11.1 21.6 ± 8.8 0.002

Abbreviations: PIR, a ratio of family income to poverty threshold; BMI, body mass index; HGB, hemoglobin;
HDL, high-density lipoprotein cholesterol.

 

Table 2. Univariate analysis for the presence of PDR 
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Characteristics    

n OR (95% CI) P

age (years) 0.99 (0.95~1.03) 0.654

sex, n (%)   0.123

   male 1  

   female 1.88 (0.84~4.21)  

Race/ethnicity, n (%)    

    Non-Hispanic white 1  

    Non-Hispanic black 2.66 (0.9~7.83) 0.076

    Mexican American 1.94 (0.54~7.01) 0.310

    Other 4.29 (1.15~16.01) 0.030

marriage, n (%)    

  married 1  

  unmarried 2.65 (0.52~13.36) 0.239

  other 1.74 (0.76~3.98) 0.186

PIR 0.64 (0.44~0.92) 0.017

BMI    

    Underweight/normal 1  

    Overweight 0.36 (0.1~1.32) 0.124

    Obese 0.79 (0.27~2.32) 0.673

Cotinine(ng/ml)    

    < LOD (< 0.015) 1  

    Low (≥ 0.015–10) 0.5 (0.21~1.21) 0.124

    High (≥ 10) 0.16 (0.03~0.8) 0.025

HbA1C 1.13 (0.92~1.4) 0.248

HGB(g/dL) 0.7 (0.55~0.88) 0.003

CRP 1.47 (0.96~2.25) 0.077

HDL (mmol/L) 1.37 (0.47~4.05) 0.566

Total cholesterol(mmol/L) 1.31 (0.98~1.76) 0.072

Family history of diabetes, n (%) 1.59 (0.62~4.08) 0.336
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Duration of diabetes (years) 1.04 (1.01~1.07) 0.004

Abbreviations: PIR, a ratio of family income to poverty threshold; BMI, body mass index; HGB, hemoglobin;
HDL, high-density lipoprotein cholesterol.

 

Table 3. Association between MLR and the presence of PDR

  PDR(n=27)    

model1 model2 model3 model4

  OR (95%
CI)

P OR (95% CI) P OR (95% CI) P OR (95% CI) P

MLR*10 1.38
(1.1~1.75)

0.006 1.74
(1.28~2.38)

<0.001 1.6
(1.14~2.24)

0.006 1.9
(1.26~2.84)

0.002

Adjusted covariates: Model 1: unadjusted; Model 2: adjusted by age, sex, race, PIR; Model 3: Model 2 +
BMI, Cotinine, total cholesterol, HGB; Model 4: Model 3 + HbA1C, duration of diabetes.

 

Table 4. Effect size of MLR on the presence of PDR in the PIR subgroup

  n n(%) model1 model2 P for interaction

  OR (95% CI) P OR (95% CI) P

PIR             0.020

    <1 53 8 (15.1) 2.99 (1.44~6.22) 0.003 5.7 (1.05~30.8) 0.043  

    ≥1 219 16 (7.3) 1.31 (0.99~1.74) 0.060 1.74 (1.05~2.89) 0.032  

Adjusted covariates: adjusted by age, sex, race, PIR, BMI, Cotinine, total cholesterol, HGB, HbA1C, duration
of diabetes.

Figures



Page 12/13

Figure 1

Schematic overview for patient identi�cation
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Figure 2

Effect size of MLR on the presence of PDR in the PIR subgroup


