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Purpose: Prognostic nutritional index (PNI) is an effective tool to evaluate the nutritional 
conditions and predict prognosis, but clinical data are limited for the use of PNI in diabetic 
retinopathy (DR). This study aimed to investigate the relationship of PNI with the prevalence 
and severity of DR in patients with type 2 diabetes mellitus (T2DM).
Patients and Methods: This cross-sectional analysis enrolled 1023 individuals with 
T2DM hospitalized between 2017–2020. PNI was calculated as 10 × serum albumin (g/l) 
+ 0.005 × total lymphocyte count (cells/mL). DR severity was categorized as no, nonproli-
ferative, and vision-threatened DR (VTDR) according to the modified Airlie House classi-
fication. Multivariate-adjusted odds ratio (OR) with 95% confidence interval (CI) for the 
prevalent DR in the top (Q4) compared with the bottom quartile (Q1) of PNI levels were 
estimated by using logistic regression analyses.
Results: PNI levels were significantly lower in individuals with VTDR than those with no and 
nonproliferative DR (both P < 0.001), and the proportions of individuals with DR were signifi-
cantly decreased in the top quartile compared with the bottom quartile of PNI levels (P < 0.001). 
After adjustments for age, gender, DM duration, obesity-related risk factors and clinical biochem-
ical parameters, the higher levels of PNI were significantly associated with a lower prevalence of 
DR (Q4 vs Q1: OR = 0.402, 95% CI: 0.250–0.649, P < 0.001), with a 5.9% reduction in the 
prevalence of DR for a per-unit increment in the levels of PNI (OR = 0.941, 95% CI: 0.911–0.972, 
P < 0.001). The association of PNI and obesity-related indexes (body mass index and waist 
circumference) with the severity of DR was independent of each other (P<0.001).
Conclusion: PNI was inversely and independently associated with the severity and pre-
valence of DR, which suggested that PNI could likely be used to predict DR prognosis in 
clinical practice.
Keywords: diabetic retinopathy, type 2 diabetes mellitus, prognostic nutritional index, 
obesity

Introduction
Diabetic retinopathy (DR), as the most unique microvascular complication of 
diabetes, is present in over one-third of diabetic population globally.1 DR is 
a primary reason for vision impairment and blindness, and its severity threatens 
the health burden on society.2 The traditional concept holds that dyslipidaemia, 
hypertension, hypercholesterolaemia, and anaemia are the factors consistently asso-
ciated with the development of retinopathy.1,3,4 Apart from those factors, accumu-
lating evidence has demonstrated that malnutrition is a potential DR risk factor.5 

Malnourished diabetic patients tend to have diabetes-associated diseases including 
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DR, renal failure, infections, and mortality due to diabetic 
foot ulcer.6,7 However, to the best of our knowledge, 
nutrition status examinations are complex and subjective, 
and there is no validated assessment index of DR risk.

The aetiology of retinopathy is not fully understood; 
nevertheless, emerging evidence has shown that inflamma-
tory processes play a key role in the presence and progres-
sion of DR.8 A high prevalence of malnutrition is 
observably related to immunosuppression and 
T lymphocyte disorders in diabetic patients.9,10 The role 
of malnutrition in inflammation determines its critical role 
in the development of diabetic complications. T cells have 
been shown to play a crucial role in diabetic complica-
tions. Studies have revealed that the imbalance of Th1/ 
Th17/Treg cells in diabetic patients with complications 
might manifest as CD4+ CD25hi Tregs with decreased 
immune function and increased inflammatory Th1 and 
Th17 cells.11,12 Serum albumin was recognized to be 
related to nutrition and inflammation, which was a source 
of thiols that could scavenge reactive oxygen.13 Zhu et al 
discovered that serum albumin was strongly associated 
with DR and diabetic kidney disease (DKD) independent 
of sex, age, duration of diabetes, smoking status, obesity- 
related indexes, clinical biochemical parameters, and other 
blood parameters in Chinese T2DM population, which 
suggested that diabetic chronic vascular complications 
caused by hypoalbuminemia attributed to chronic inflam-
mation and oxidative stress.14 Based upon the above the-
ory, we hypothesized that prognostic nutritional index 
(PNI) which is obtained from the serum albumin level 
and lymphocyte count could represent convenient and 
cost-effective biomarkers for assessing the immune- 
nutrition status of diabetes patients and predicting the 
progression of DR.

Therefore, the primary purpose of this study was to 
discuss the association of PNI with the presence and 
severity of DR in Chinese population with T2DM.

Patients and Methods
Study Population
The present study recruited a total of 1023 inpatients with 
T2DM in the Department of Endocrine and Metabolic 
Disease in the First Affiliated Hospital of Wenzhou Medical 
University, from March 2017 to March 2020. For the candidate 
subjects, the exclusion criteria were described below: 1) age 
under 40 years old; 2) malignant tumor, infection, acute dia-
betic complications, autoimmune diseases, or blood 

diseases; 3) severe liver, heart, or kidney disease; 4) major 
trauma, surgery in the previous 6 months, or pregnancy; 5) 
cerebrovascular disease; 6) psychiatric disease; 7) current 
treatment with systemic corticosteroids; or 8) cataract, glau-
coma or any other eye disease were excluded by the 
ophthalmologist.

The present study was conducted in compliance with 
the Declaration of Helsinki and preapproved by the Ethics 
Committee of The First Affiliated Hospital of Wenzhou 
Medical University. All subjects provided signed informed 
consent prior to participation.

Anthropometric and Biochemical 
Measurements
Every individual was requested to have a general physi-
cal examination by trained doctors. Anthropometrics 
including body height, weight, waist circumference 
(WC), and blood pressure (BP) were measured by stan-
dard methods. Body mass index (BMI) was calculated 
according to the following formula: BMI=weight(kg)/ 
height2(m2). WC was assessed at the horizontal line 
between the lowest rib and the anterior superior iliac 
spine on the midpoint line. According to Expert 
Consensus on Integrated Management of Type 2 
Diabetes Mellitus Complicated with Obesity in China,15 

overall obesity was defined as BMI ≥24 kg/m2, and 
abdominal obesity was defined in men and women as 
WC ≥ 90 cm and WC ≥ 85 cm, respectively. Systolic 
BP (SBP) and diastolic BP (DBP) were taken three times 
with a mercury sphygmomanometer at a 3-min interval 
after taking a 10-min break.

Blood was sampled from the antecubital vein between 
6:00 and 10:00 am following 10–12 h of fasting. The labora-
tory tests included fasting plasma glucose (FPG), glycated 
haemoglobin (HbA1c), serum albumin, white blood cell 
(WBC) count, total lymphocyte count (Tlc) count, red 
blood cell (RBC) count, platelets (PLT), haemoglobin (Hb), 
serum lipid spectra (including total cholesterol [TC], low- 
density lipoprotein cholesterol [LDL-c], high-density lipo-
protein cholesterol [HDL-c], triglycerides [TGs]), serum 
creatinine (Scr), and serum uric acid (SUA). All blood sam-
ples were assayed intensively within 24 hours.

Fundus Examination
Eye examinations were operated by a professionally 
trained endocrinologist nurse in the darkroom free of 
mydriasis with VISUCAM PRONM (VISUCAM 200, 
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serial number: 1,098,263), which was used to capture 45° 
C colour digital images of the binocular fundus. When 
a fundus film was not clear, mydriasis fundus examination 
or fundus fluorescein angiography needed to be performed. 
The severity of DR was determined according to the 
modified Airlie House classification,16 and the patients in 
the present study were divided into three groups as no DR, 
non-proliferative DR (NPDR), and vision-threatened DR 
(VTDR). Diagnosis of DR was performed by two ophthal-
mologists from the Eye Institute of the First Affiliated 
Hospital of Wenzhou Medical University blinded to the 
patients’ clinical status. In case of different assessments of 
DR grades, a third ophthalmologist was consulted.

Statistical Analysis
Statistical analyses were carried out with SPSS version 
16.0 (SPSS Inc., Chicago, IL, 167 USA). DR was ana-
lysed as bivariate (yes or no DR) and categorical vari-
ables: no DR, mild-to-moderate nonproliferative diabetic 
retinopathy (NPDR), and vision threatening diabetic reti-
nopathy (VTDR). Baseline characteristics of individuals 
across three different DR severity groups were compared. 
Data are described as the mean ± standard deviation or 
median with interquartile range for continuous variables, 
and described as numbers (percentages) for categorical 
variables. Categorical variables were compared by Chi- 
squared test. Means were compared by one-way 
ANOVA, and medians were compared by Kruskal– 
Wallis test. Univariate and multivariate logistic regres-
sions were used to evaluate the association of factors 
including age, gender, DM duration, PNI, BMI, SBP, 
DBP, WC, HbA1c, Hb, RBC, WBC, PLT, Scr, SUA, 
TG, HDL-c, LDL-c and the presence of DR, which 
were assessed by univariate and multivariate logistic 
regressions. Logistic regression analyses were carried 
out to identify the relationship between PNI quartiles 
and the presence of DR. Variance analyses were per-
formed to investigate the association between PNI and 
DR, as well as the influence of BMI and WC. The 
threshold of statistical significance was established at 
0.05 for two-tailed P-values.

Results
Clinical Characteristics of the Research 
Individuals
A total of 1023 individuals with an average age of 59.16 
±5.95 years (age range: 50–75 years) were admitted in the 

present study, involving 501 individuals with no DR, 365 
individuals with NPDR, and 157 individuals with VTDR. 
PNI was significantly lower in individuals with severe DR 
than in individuals with no DR and NPDR (both 
P <0.001). In addition, subjects with severe DR were 
more likely to be older, have a long duration of diabetes, 
have higher levels of FPG, SBP, and PLT, and have lower 
levels of albumin, Tlc, PNI, Hb, and RBC than subjects 
with no DR and NPDR (all P<0.001, except P=0.012 for 
FPG). Other variables showed no significant difference 
among the three groups (all P>0.05, Table 1).

The Presence of DR Among PNI 
Quartiles
The current study participants were further classified into 
four subgroups on the basis of PNI quartiles (PNI level: 
Q1: ≤44.80, Q2: 44.85~48.35, Q3: 48.40~52.25, Q4: 
≥52.30). The distribution of no DR, and DR were stratified 
by the quartiles of PNI. There was a significant trend of 
a stepwise increase in no DR and a decrease in DR 
corresponding to an increase in PNI quartiles (P<0.001). 
Adjusted for age and gender, the risks of DR were 
decreased by more than half in Q3 (odds ratio [OR] 
=0.423, 95% CI: 0.295–0.606, P<0.001) and Q4 
(OR=0.362, 95% CI: 0.251–0.521, P<0.001) compared to 
Q1. Even after adjusting for age, gender, DM duration, 
BMI, WC, HbA1c, SBP, DBP, Hb, RBC, WBC, PLT, Scr, 
SUA, TG, HDL-c, and LDL-c, the decrease in risks of DR 
remained in Q3 (OR=0.481, 95% CI: 0.308–0.751, 
P=0.001) and Q4 (OR=0.402, 95% CI: 0.250–0.649, 
P<0.001) when compared to Q1. Moreover, the per unit 
increase in PNI was dramatically correlated with a 5.9% 
reduction in the prevalence of DR (OR=0.941, 95% CI: 
0.911–0.972, P<0.001) (Figure 1).

Interaction of DR Between PNI and BMI, 
WC
The current study participants were divided into high BMI 
group and low BMI group, high WC group and low WC 
group on the basis of obesity criteria. The results indicated 
that there were significant differences in PNI among those 
without DR to VTDR (P<0.001). The association of PNI 
and BMI with the severity of DR was independent of each 
other (Figure 2A). The association of PNI and WC with 
the severity of DR was independent of each other 
(Figure 2B).
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Multivariate Analysis of the Risk of DR in 
Individuals with T2DM
The risk factors of retinopathy analysis were conducted in 
individuals with T2DM. Results after multivariate analysis 
showed that PNI (OR=0.941, P<0.001), DM duration 
(OR=1.009, P<0.001), SBP (OR=1.109, P=0.001), 
HbA1c (OR=1.113, P=0.005), Hb (OR=0.975, P=0.008), 
and TG (OR=1.154, P=0.040) were independently corre-
lated with DR (Table 2).

Discussion
The present study suggested that individuals with severe 
DR exhibited lower levels of PNI. The risk of DR 
decreased with an increase in PNI quartiles. The propor-
tions of individuals with DR were significantly decreased 
in the top quartiles compared with the bottom quartile of 
PNI levels. After adjusting for age, gender, DM duration, 
obesity-related risk factors and clinical biochemical para-
meters, the level of PNI was associated with the preva-
lence of DR negatively and independently. Indicators of 

obesity, such as BMI and WC, could not interfere with the 
relationship between PNI and the severity of DR.

Some previous studies revealed that low socioeco-
nomic status was inversely associated with DR incidence, 
while malnutrition might be one of the reasons behind the 
low socioeconomic status.17 Malnutrition is common in 
diabetes individuals, which impaired the clinical outcomes 
including a longer hospital stay, infection-related compli-
cation, mortality and so on.18 Previous research demon-
strated that 14.1% of elderly diabetic patients suffer from 
malnourishment and the risk of malnutrition was up to 
42.6%.9 The reduction in immune cell number, particularly 
the T cells, resulted from malnutrition. In studies of mice 
fasted for 48 h, thymocyte and splenocyte counts 
decreased, and T cell and CD4+ T cell numbers from 
spleens from fasted mice were reduced by 40–50% com-
pared to those from fed mice in control group.19,20 In 
human studies, children with malnutrition had atrophied 
primary lymphoid organs, decreased CD4+ and CD8+ 
T cells and leukopenia.21 Some cytokines and chemokines 

Table 1 Characteristics of Study Participants

No DR NPDR VTDR

N 501 365 157
Age(years) 57.0(54.0–63.0) 59.0(55.0–64.0)* 59.0(54.5–64.5)

Female/Male 199/302 152/213 68/69

DM duration (months, 0–491) 68.0(15.0–136.0) 134.0(84.0–188.0)** 153.0(85.0–237.0)**
Albumin(g/l) 39.46±3.58 38.30±4.03** 36.91±5.10**‡

Lymphocyte count (cells/mL) 2.02±0.66 1.94±0.63* 1.78±0.61**†

PNI 49.56±5.23 47.95±5.27** 45.75±6.30**‡

BMI(kg/m2) 24.61±3.07 24.55±3.45 24.26±3.15

DBP(mmHg) 73.51±10.12 73.46±10.61 73.89±11.70
SBP(mmHg) 126.36±17.27 131.67±19.04** 135.42±21.15**†

WC(cm, 62.0–121.0) 88.0(82.0–95.0) 89.0(84.0–95.0) 88.5(83.0–94.9)

HbA1c(%, 5.0–17.5) 9.20(7.65–11.20) 9.40(8.20–11.00) 9.55(8.00–11.40)
FPG(mmol/L, 3.9–23.7) 7.00(5.70–8.80) 7.30(5.80–9.45) 8.05(5.70–10.28)*

Hb(g/L) 139.44±13.81 135.20±16.22** 127.33±18.43**‡

RBC(cells/mL) 4.58±0.45 4.47±0.54* 4.28±0.67**‡

WBC(cells/mL) 6.59±1.77 6.61±1.76 6.86±2.11

PLT(cells/mL) 215.00±60.08 219.01±59.10 230.97±85.59*

Scr(umol/L, 30.0–347.0) 62.0(53.0–73.0) 62.0(51.0–76.0) 63.0(50.0–81.0)
SUA(umol/L, 108.0–751.0) 302.0(244.8–263.5) 307.5(256.0–367.0) 322.0(269.0–391.0)*

TG(mmol/L, 0.51–10.46) 1.45(1.05–2.05) 1.49(1.04–2.27) 1.55(1.12–2.21)

LDL-c(mmol/L, 0.61–5.58) 2.48(1.95–3.18) 2.43(1.87–3.12) 2.55(1.90–3.38)
HDL-c(mmol/L, 0.48–3.13) 1.00(0.85–1.20) 1.01(0.85–1.21) 1.02(0.84–1.20)

Notes: Data are the mean ± standard deviation, median (interquartile range), and n (%). *P < 0.05 versus No DR. **P < 0.001 versus No DR. †P < 0.05 versus NPDR. ‡P < 
0.001 versus NPDR. 
Abbreviations: DR, diabetic retinopathy; NPDR, nonproliferative diabetic retinopathy; VTDR, vision-threatening diabetic retinopathy; DM duration, diabetes mellitus 
duration; PNI, prognostic nutritional index; BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; WC, waist circumference; HbA1c, glycated 
hemoglobin A1c; FBG, fasting blood glucose; Hb, hemoglobin; RBC, red blood cell; WBC, white blood cell; PLT, platelet; Scr, serum creatinine; SUA, serum uric acid; TG, 
triglyceride; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol.
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play a pivotal role in linking malnutrition and immunity, 
including a decline in leptin, interleukin-6 (IL-6), IL-8, 
macrophage migration inhibitor (MIF), and an increase in 
IL-10, IL-33, and mononuclear chemisorption factor-1 
(MCP-1).22 In addition, it has been recognized that the 
levels of circulating inflammatory mediators are related to 
the presence and severity of DR.23 Therefore, DR might be 
related to malnutrition due to weakened immune defence, 
and inflammation contributes to DR development. In the 
present study, traditional risk factors for DR, such as 
duration of diabetes, HbA1c, SBP, TG, and anaemia, 
were associated with DR. Furthermore, a nutrition indica-
tor, PNI, stood out as an independent factor that was 

negatively correlated with DR, which challenged the 
above conventional risks of DR.

Buzby et al were the first to estimate the operative risk 
with PNI in gastrointestinal surgery.24 Subsequent 
researches on the predictive value of PNI for clinical out-
come have also been addressed for malignancy, acute and 
chronic heart failure, peripartum cardiomyopathy, and sys-
temic lupus erythematosus.25–29 As far as we are aware, 
existing data on the association between nutrition status and 
DR are sparse. Albumin, a clinical monitoring tool for 
nutritional assessment, was negatively associated with 
DR.14 Due to the influences contributed by liquid transfer, 
liver failure, metabolic and catabolic states, and infection, 

Figure 1 The presence of diabetic retinopathy among PNI quartiles.

Low BMI
High BMI

A
Low WC
High WC

B

Figure 2 (A) Interaction of the present and severity of diabetic retinopathy between PNI and BMI. (B) Interaction of the present and severity of diabetic retinopathy 
between PNI and WC.
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which restrict the application of albumin in evaluating the 
nutrition status. Subjective Global Assessment (SGA) score 
was related to the presence and severity of DR,30,31 

whereas, this nutritional screening tool needs to be evalu-
ated subjectively by the experienced examiners. PNI was 
obtained from objective markers including albumin and 
lymphocyte count, reflecting nutrition and immunity. 
Therefore, the present study used PNI to assess nutrition 
status in diabetic patients with or without DR. The result 
suggested that DR was aggravated with the decrease in PNI.

BMI is another index to assess the nutritional condition 
in routine clinical practice. Previous studies revealed that 
low BMI caused by uncontrolled glycaemia was correlated 
with an increased risk of DR.32,33 Other studies discovered 
that high BMI or overnutrition, accompanied by hyperten-
sion and hyperlipidemia, brought about oxidative stress 
and inflammation, and then resulted in endothelial dys-
function, ultimately leading to the progression of 
DR.34,35 Thus, the relationship between BMI and DR 
remains inconsistent. Abdominal obesity is considered 
as the risk for DR.36 However, Muhammad et al discov-
ered that WC was inversely associated with the severity of 
DR.32 The current research suggested that there was no 
relationship between BMI and DR. Nevertheless, the asso-
ciation of BMI and PNI level with DR was mutually 

independent. Therefore, for the high risk of DR with low 
PNI, neither high BMI nor low BMI could contribute to an 
increased risk of DR. The association between PNI and 
DR was also not affected by WC.

There are some potential explanations for the correla-
tion between PNI and DR. Hypoalbuminemia often 
represents malnutrition and inflammation. With reduced 
protein synthesis, increased urine protein, and controlled 
diet in diabetic patients, serum albumin levels gradually 
decrease. Low albumin can cause increased permeability 
of the vessels in or around the optic disk, which leads to 
edema of optic disk, and ultimately result in compression 
of the central retinal artery and central retinal vein. 
Compression, in turn, results in high blood flow veloci-
ties in these vessels.37 Serum albumin is a primary con-
stituent in the PNI formula, and thus can offer part of the 
explanation. Wu et al proposed that T cells participate in 
the development and progression of type 2 diabetic 
nephropathy (T2DN).38 Recent literatures have demon-
strated that the neutrophil to lymphocyte ratio (NLR) was 
notably associated with the development and progression 
of DR and DN.39 Furthermore, a study discovered that 
the ratios of CD4+ CD25hi Tregs to Th17 or Th1 cells 
were declined in the diabetic individuals, accompanied 
by subsequent diabetic complications.11 DR and DN have 

Table 2 Univariate and Multivariate Analyses of Factors Associated with DR in Patients with T2DM

Variables Univariate Multivariate

P value OR(95%Cl) P value OR(95%Cl)

Age(years) 0.012 1.027(1.006–1.048) 0.395 0.988(0.961–1.016)
Gender 0.430 0.905(0.705–1.161) 0.326 1.230(0.814–1.858)

DM duration(years) <0.001 1.009(1.007–1.010) <0.001 1.009(1.007–1.011)

PNI <0.001 0.926(0.904–0.948) <0.001 0.941(0.911–0.972)
BMI(kg/m2) 0.473 0.986(0.949–1.025) 0.071 0.932(0.864–1.006)

DBP(mmHg) 0.907 1.001(0.989–1.012) 0.900 1.001(0.981–1.002)

SBP(mmHg) <0.001 1.019(1.012–1.026) 0.001 1.109(1.008–1.031)
WC(cm) 0.760 1.002(0.989–1.016) 0.333 1.013(0.987–1.041)

HbA1c(%) 0.221 1.035(0.980–1.093) 0.005 1.113(1.033–1.199)

Hb(g/L) <0.001 0.973(0.965–0.981) 0.008 0.975(0.957–0.993)
RBC(cells/mL) <0.001 0.536(0.418–0.687) 0.566 1.159(0.700–1.919)

WBC(cells/mL) 0.404 1.029(0.962–1.102) 0.316 1.049(0.956–1.151)

PLT(cells/mL) 0.061 1.002(1.000–1.004) 0.319 1.001(0.999–1.004)
Scr (umol/L) 0.002 1.009(1.003–1.015) 0.294 1.005(0.996–1.014)

SUA(umol/L) 0.120 1.001(1.000–1.003) 0.374 1.001(0.999–1.003)

TG(mmol/L) 0.218 1.065(0.963–1.178) 0.040 1.154(1.006–1.323)
HDL-c(mmol/L) 0.976 1.006(0.661–1.533) 0.286 1.356(0.775–2.374)

LDL-c(mmol/L) 0.645 0.968(0.844–1.110) 0.998 1.000(0.838–1.194)

Abbreviations: DR, diabetic retinopathy; DM duration, diabetes mellitus duration; PNI, prognostic nutritional index; BMI, body mass index; DBP, diastolic blood 
pressure; SBP, systolic blood pressure; WC, waist circumference; HbA1c, glycated hemoglobin A1c; Hb, hemoglobin; RBC, red blood cell; WBC, white blood cell; PLT, 
platelet; Scr, serum creatinine; SUA, serum uric acid; TG, triglyceride; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol.
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certain parallelism in their development and 
progression.40 All these observations demonstrated that 
disordered T lymphocytes appeared to be associated with 
diabetic complications. Therefore, total lymphocyte 
count is another component of the PNI formula and 
thus could explain the increased DR risk in low PNI 
patients combined with hypoalbuminemia. Hence, taking 
our findings into account along with the above-mentioned 
explanations, PNI might be an effective and novel clin-
ical marker for assessing the presence and severity 
of DR.

The strengths of this study design included a diagnosis 
of DR using fundus photograph with differing levels of 
DR, comprehensive clinical and questionnaire protocols. 
And this study was the first to address the relationship 
between the PNI and the presence and severity of DR in 
patients with T2DM. Nevertheless, some potential limita-
tions existed in the present study. First, any causal and 
effect on conclusions of PNI and the occurrence and 
development of DR could not be drawn because of the 
cross-sectional design. Second, the current study popula-
tion was restricted to a single center, which limits the 
sample size. Third, due to PNI might be decreased in 
other conditions in T2DM except for DR and thus perhaps 
cause its low specificity, which limited the utility of PNI. 
The present findings should be confirmed and generalized 
in future researches based upon large sample-sizes with 
a control group of individuals with no diabetes. 
Meanwhile, longitudinal studies are required to confirm 
and generalize the findings, and to evaluate how PNI 
predicts the outcome of DR including visual impairment 
and blindness.

Conclusion
PNI was negatively and independently associated with the 
severity of DR. BMI and WC could not interfere with the 
association between PNI and severity of DR. It was sug-
gested that PNI might be an effective, inexpensive and 
readily available biochemical indicator for assessing the 
presence and severity of DR in clinical practice. In addi-
tion, the immunonutrition-based notion could pave the 
way for a novel and supplementary solution for preventing 
DR or slowing the progression of DR.
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