Data for this cross‑sectional study were obtained from nine cycles of the National Health and Nutrition Examination Survey (NHANES), covering 2001‑2018. Raw demographic XPT files (DEMO‑B to DEMO‑J) released by the Centers for Disease Control and Prevention were imported and merged. The number of participants who completed household interviews in each cycle was as follows: 11 039 (2001‑2002), 10 122 (2003‑2004), 10 348 (2005‑2006), 10 149 (2007‑2008), 10 537 (2009‑2010), 9 756 (2011‑2012), 10 175 (2013‑2014), 9 971 (2015‑2016), and 9 254 (2017‑2018). The pooled initial sample of household‑interviewed participants across nine cycles was 91 351.

Demographic data were further merged with ophthalmological, laboratory, and anthropometric datasets by the cycle‑specific participant identification number (SEQN). Participant screening was performed following sequential exclusion criteria (Figure 1). After excluding 82 525 participants without diabetes‑related data, 8 826 individuals remained. We further excluded 2 324 participants missing diabetic retinopathy information, leaving 6 502 subjects. Next, participants missing body weight, height, or serum albumin data were excluded (n = 885), resulting in 5 617 participants. Finally, 2 109 participants aged younger than 60 years were excluded. A total of 3 508 participants were included in the final analytical sample.
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Figure 1Participant selection flowchart for the National Health and Nutrition Examination Survey (NHANES) 2001‑2018.
Baseline characteristics of the 3508 participants with diabetes stratified by diabetic retinopathy (DR) status are presented in Table 1 . Of these individuals, 751 (21.41%) were diagnosed with DR, while the remaining 2757 (78.59%) showed no evidence of retinopathy. No significant between‑group differences were found in age, sex, marital status, alcohol consumption, smoking status, hypertension, hypercholesterolemia, body mass index, body weight, height, and ideal body weight (all P > 0.05).
Significant inter‑group disparities were observed for race (P = 0.002), education level (P = 0.003), coronary heart disease (P = 0.007), stroke history (P < 0.001), diabetes treatment (P < 0.001), physical activity (P < 0.001), Kidney Failure (P < 0.001),chronic kidney disease (P < 0.001), poverty income ratio (P = 0.011), serum albumin (P < 0.001), HbA1c (P < 0.001), diabetes duration (P < 0.001), and geriatric nutritional risk index (GNRI) (P < 0.001). Compared with participants without DR, those with DR had a higher prevalence of prior stroke, coronary heart disease, and chronic kidney disease, a larger proportion receiving diabetes‑targeted pharmacotherapy, a higher rate of insufficient physical activity, lower education attainment, lower serum albumin and GNRI levels, as well as higher HbA1c and longer diabetes duration.

Table 1 Baseline characteristics of diabetic retinopathy in the NHANES (2001–2018).
	Characteristics
	Overall
	No Retinopathy
	Retinopathy
	p test

	　
	N = 3508
	N = 2757
	N = 751
	　

	Age, Mean ± SD
	70.07 ± 6.94
	70.15 ± 6.99
	69.80 ± 6.76
	0.228

	Gender, n(%)
	
	
	
	0.388

	Male
	1782 (50.80)
	1411 (51.18)
	371 (49.40)
	

	Female
	1726 (49.20)
	1346 (48.82)
	380 (50.60)
	

	Race, n(%)
	
	
	
	0.002**

	Mexican American
	677 (19.30)
	527 (19.11)
	150 (19.97)
	

	Non-Hispanic White
	1386 (39.51)
	1130 (40.99)
	256 (34.09)
	

	Non-Hispanic Black
	852 (24.29)
	659 (23.90)
	193 (25.70)
	

	Other
	593 (16.90)
	441 (16.00)
	152 (20.24)
	

	Marital status, (%)
	
	
	
	0.231

	No
	1479 (42.16)
	1148 (41.64)
	331 (44.07)
	

	Yes
	2029 (57.84)
	1609 (58.36)
	420 (55.93)
	

	Education level,(%)
	
	
	
	0.003**

	Below high school
	1392 (39.68)
	1059 (38.41)
	333 (44.34)
	

	High school or above
	2116 (60.32)
	1698 (61.59)
	418 (55.66)
	

	Alcohol consumption, n(%)
	
	
	
	0.165

	No
	1996 (56.90)
	1552 (56.29)
	444 (59.12)
	

	Yes
	1512 (43.10)
	1205 (43.71)
	307 (40.88)
	

	Smoking status, n(%)
	
	
	
	0.132

	No
	1695 (48.32)
	1318 (47.81)
	377 (50.20)
	

	Yes
	330 (9.41)
	273 (9.90)
	57 (7.59)
	

	Other
	1483 (42.27)
	1166 (42.29)
	317 (42.21)
	

	Hypertension, n(%)
	
	
	
	0.354

	No
	877 (25.00)
	699 (25.35)
	178 (23.70)
	

	Yes
	2631 (75.00)
	2058 (74.65)
	573 (76.30)
	

	Hypercholesterolemia, n(%)
	
	
	
	0.696

	No
	728 (20.75)
	576 (20.89)
	152 (20.24)
	

	Yes
	2780 (79.25)
	2181 (79.11)
	599 (79.76)
	

	CHD, n(%)
	
	
	
	0.007**

	No
	2965 (84.52)
	2354 (85.38)
	611 (81.36)
	

	Yes
	543 (15.48)
	403 (14.62)
	140 (18.64)
	

	Storke, n(%)
	
	
	
	<.001***

	No
	3078 (87.74)
	2447 (88.76)
	631 (84.02)
	

	Yes
	430 (12.26)
	310 (11.24)
	120 (15.98)
	

	Diabetes treatment, n(%)
	
	
	
	<.001***

	No
	437 (12.46)
	388 (14.07)
	49 (6.52)
	

	Yes
	3071 (87.54)
	2369 (85.93)
	702 (93.48)
	

	Physical activity, n(%)
	
	
	
	<.001***

	No
	2563 (73.06)
	1976 (71.67)
	587 (78.16)
	

	Yes
	945 (26.94)
	781 (28.33)
	164 (21.84)
	

	Kidney Failure, n(%)
	
	
	
	<.001***

	No
	3127 (89.14)
	2528 (91.69)
	599 (79.76)
	

	Yes
	381 (10.86)
	229 (8.31)
	152 (20.24)
	

	BMI(kg/m2), n(%)
	
	
	
	0.166

	 < 18.5
	13 (0.37)
	13 (0.47)
	0 (0.00)
	

	 18.5-25
	543 (15.48)
	428 (15.52)
	115 (15.31)
	

	  ≥25
	2952 (84.15)
	2316 (84.00)
	636 (84.69)
	

	PIR, Mean ± SD
	2.21 ± 1.40
	2.24 ± 1.41
	2.10 ± 1.37
	0.011*

	WT(kg),(mean±SD)
	85.01 ± 20.84
	84.71 ± 20.08
	86.09 ± 23.39
	0.143

	HT(cm),(mean±SD)
	164.93 ± 10.01
	165.10 ± 9.93
	164.31 ± 10.28
	0.056

	ALB（g/L, Mean ± SD
	40.90 ± 3.47
	41.08 ± 3.42
	40.23 ± 3.56
	<.001***

	HbA1c(%), Mean ± SD
	7.24 ± 1.57
	7.14 ± 1.52
	7.58 ± 1.68
	<.001***

	Duration(year), Mean ± SD
	13.88 ± 12.44
	12.54 ± 11.85
	18.79 ± 13.28
	<.001***

	IBW, Mean ± SD
	60.62 ± 7.64
	60.74 ± 7.59
	60.20 ± 7.81
	0.086

	GNRI, Mean ± SD
	102.47 ± 5.22
	102.73 ± 5.17
	101.49 ± 5.28
	<.001***



CHD: Coronary Heart Disease; Duration: Diabetes Duration; BMI: Body Mass Index; PIR: poverty income ratio; WT: Weight; HT: Height; ALB: Serum Albumin; HbA1c: Hemoglobin A1c; IBW: Ideal Body Weight; GNRI: Geriatric Nutritional Risk Index.

*p<0.05，**p<0.01,***p<0.001
Association between GNRI and Diabetic retinopathy 
Weighted logistic regression was applied to explore the GNRI‑DR association, using Q1 as reference. As shown in Table 2, in unadjusted Model 1 and age‑sex‑race adjusted Model 2, higher GNRI quartiles (Q3, Q4) were significantly inversely related to DR risk (all P < 0.01), with significant decreasing trends (both P‑for‑trend < 0.001). After full covariate adjustment in Model 3, only Q3 remained significantly associated with lower DR odds (OR = 0.69, 95%CI: 0.49‑0.97, P = 0.032), while Q4 lost statistical significance (P = 0.320). An inverse trend between GNRI and DR persisted (P for trend = 0.011).
Table 2 The weighted Logistic regression analysis for the relationship between GNRI and DR in different models.
	
	
	
	

	Parameters
	 Model 1
	 Model2
	 Model3

	
	 OR (95%CI), pValue
	 OR (95%CI), pValue
	 OR (95%CI), pValue

	Q1（<99.77）
	 reference
	 reference
	 reference

	Q2（99.77-102.75）
	0.96(0.71,1.30),0.782
	0.96(0.71,1.30),0.798
	1.21(0.88,1.68),0.241

	Q3(102.75105.73）
	0.47(0.33,0.66),<0.001***
	0.48(0.34,0.67),<0.001***
	0.69(0.49,0.97),0.032*

	Q4（≥105.73）
	 0.54(0.39,0.76),0.001**
	0.56(0.40,0.78),<0.001***
	0.84(0.59,1.19),0.320

	 P for trend
	<0.001***
	<0.001***
	0.011*  


Model 1 no covariates were adjusted. 
Model 2 age, gender, and race were adjusted. 
Model 3 age, gender, race, education level, poverty income ratio (PIR), marital status , education level ,body mass index (BMI), Hypertension, Hypercholesterolemia, Coronary heart disease (CHD), stroke, Kidney Failure , Diabetes treatment ,Activity , HbA1c were adjusted.
*p<0.05，**p<0.01,***p<0.001
Restricted Cubic Splines for the Relationship between the GNRI and Diabetic retinopathy
Restricted cubic‑spline regression was performed to visualize the continuous, dose‑response association between GNRI and DR risk after full adjustment for confounding covariates Figure 1. A statistically significant overall association (P for overall < 0.001) and a notable non‑linear relationship (P for nonlinear = 0.022) were identified. The inflection point was observed at a GNRI value of 102.75. Below this threshold, the odds ratio of DR remained relatively stable above 1.0; when GNRI exceeded 102.75, the risk of diabetic retinopathy decreased progressively with rising GNRI values. 
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Figure 2The association between the baseline GNRI and DR based on restricted cubic splines. The odd ratios for DR (solid line) and 95% confidence intervals (shaded portion) are presented.
Subgroup Analysis of the Correlation between the GNRI and Diabetic retinopathy
Subgroup stratified analyses indicated that the inverse association between GNRI and DR was consistent across subgroups defined by sex, race, education, hypertension, hypercholesterolemia, CHD, stroke, diabetes treatment, kidney failure and physical activity Table 3. No significant interactions were observed for any stratification factor (all P‑for‑interaction > 0.05).
Table 3Subgroup analysis of the association between GNRI and DR.
	
	
	
	

	Variables
	N (%)
	OR (95%CI)
	P for interaction

	All patients
	3508 (100.00)
	0.96 (0.94 ~ 0.97)
	

	Gender
	
	
	0.970

	Male
	1782 (50.80)
	0.96 (0.94 ~ 0.98)
	

	Female
	1726 (49.20)
	0.96 (0.93 ~ 0.98)
	

	Race new
	
	
	0.697

	Mexican American
	677 (19.30)
	0.94 (0.91 ~ 0.97)
	

	Non-Hispanic White
	1386 (39.51)
	0.95 (0.93 ~ 0.98)
	

	Non-Hispanic Black
	852 (24.29)
	0.96 (0.93 ~ 0.99)
	

	Other
	593 (16.90)
	0.97 (0.93 ~ 1.00)
	

	Education level
	
	
	0.481

	Below high school
	1392 (39.68)
	0.96 (0.94 ~ 0.98)
	

	High school or above
	2116 (60.32)
	0.95 (0.93 ~ 0.97)
	

	Hypertension
	
	
	0.072

	No
	877 (25.00)
	0.98 (0.95 ~ 1.01)
	

	Yes
	2631 (75.00)
	0.95 (0.93 ~ 0.97)
	

	Hypercholesterolemia
	
	
	0.585

	No
	728 (20.75)
	0.96 (0.93 ~ 1.00)
	

	Yes
	2780 (79.25)
	0.95 (0.94 ~ 0.97)
	

	CHD
	
	
	0.593

	No
	2965 (84.52)
	0.95 (0.94 ~ 0.97)
	

	Yes
	543 (15.48)
	0.97 (0.93 ~ 1.00)
	

	Storke
	
	
	0.191

	No
	3078 (87.74)
	0.95 (0.94 ~ 0.97)
	

	Yes
	430 (12.26)
	0.98 (0.94 ~ 1.02)
	

	Diabetes Treatment
	
	
	0.345

	No
	437 (12.46)
	0.98 (0.93 ~ 1.03)
	

	Yes
	3071 (87.54)
	0.95 (0.94 ~ 0.97)
	

	Kidney Failure
	
	
	0.287

	No
	3127 (89.14)
	0.96 (0.95 ~ 0.98)
	

	Yes
	381 (10.86)
	0.98 (0.95 ~ 1.02)
	

	Activity
	
	
	0.600

	No
	2563 (73.06)
	0.96 (0.94 ~ 0.98)
	

	Yes
	945 (26.94)
	0.95 (0.92 ~ 0.98)
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