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Abstract

Background: Food insecurity (FI), which is defined as limited or uncertain access to suffi-
cient, nutritious food, disproportionately affects low-income populations and has been
linked to poor control of chronic diseases including type 2 diabetes mellitus (T2DM) with
North Louisiana having one of the highest rates of FI in the United States. The interaction
between FI and neighborhood-level socioeconomic disadvantage has not been well char-
acterized in relation to microvascular diabetic complications. Objective: This study aimed
to evaluate the relationship between FI, socioeconomic disadvantage, and microvascular
complications in patients with T2DM. Methods: A retrospective cohort study of 163 adult
patients with T2DM who received care at Ochsner LSU Health clinics in Shreveport and
Monroe, Louisiana, between January 2018 and January 2023 were reviewed. FI status,
Area Deprivation Index (ADI), a validated measure on neighborhood socioeconomic dis-
advantage, and microvascular complication outcomes including nephropathy, neuropa-
thy, and retinopathy were obtained from electronic medical records. FI was assessed using
the validated two-item Hunger Vital Sign screening tool. Results: The study found that FI
alone was not a statistically significant predictor of nephropathy based on microalbumin-
to-creatinine ratio (MACR). However, the combination of FI and high ADI (=7) was sig-
nificantly associated with neuropathy (p = 0.024) and retinopathy (p < 0.001), particularly
among patients with T2DM for more than five years. Additionally, the interaction be-
tween FI and high ADI was also found to influence MACR values significantly (p = 0.026),
indicating that socioeconomic stressors may exacerbate kidney dysfunction. Conclusions:
Food insecurity, coupled with socioeconomic adversity, was associated with an increased
risk of microvascular complications in T2DM. These results highlight the importance of
integrating FI screening and addressing social determinants of health in high-risk popu-
lations. Early identification and targeted interventions could help mitigate disease pro-
gression and reduce health disparities.

Keywords: food insecurity; microvascular complications; diabetes mellitus; retinopathy;
neuropathy; nephropathy; inflammation
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Patients experiencing FI often suffer from hypertension, heart disease, diabetes, kid-
ney disease, chronic obstructive pulmonary disease (COPD), cancer, and stroke, among
others, at a higher rate than food-secure persons [1]. Poor health status can increase eco-
nomic disparities in patients with chronic conditions, such as type II diabetes mellitus
(T2DM), due to higher healthcare treatment expenditures [1]. The Area Deprivation Index
(ADI) is a measure of disparity by social factors and is detailed geographically to better
describe community situations of disparity and the interplay between these factors [2].
Overall, ADI provides additional context for patients” health and can assist in directing
patient-centered care practices. The combined impact of individual-level food insecurity
and neighborhood-level socioeconomic deprivation on chronic disease outcomes, includ-
ing diabetic microvascular complications, remains insufficiently characterized.

Additionally, FI often coexists with other social determinants of health (SDOHs),
such as socioeconomic disparities, housing instability, and lack of healthcare access [3,4].
Such social factors can exacerbate challenges faced by those experiencing FI.

Louisiana has one of the highest rankings for FI in the nation, with 16.9% of Louisi-
anians experiencing FI in 2022 compared to the national average of 11.7% [5,6]. Louisiana
also ranks in the top 20% for states with a high ADI, representing a significant rate of
socioeconomic disadvantage. Additionally, Louisiana sits at or above the national average
for the diagnosis of T2DM, emphasizing the high prevalence of the disease [7]. Of note,
studies have found a significant increase in the prevalence of diabetes in Louisiana neigh-
borhoods with high ADISs [7]. North Louisiana is particularly affected by FI, with 16.2% of
Caddo Parish residents and 17.2% of Ouachita Parish residents experiencing difficulty in
consistently obtaining nutritious foods [8]. These two parishes are especially relevant to
researchers as they are home to Ochsner LSU Health hospitals and clinics in North Loui-
siana [6]. High rates of FI and T2DM in Louisiana highlight a vulnerable patient popula-
tion, as inadequate access to nutritious food has a profound impact on the development
and management of chronic conditions [8].

The current literature has extensively explored the associations between FI and
T2DM [9]. T2DM management involves dietary modifications, such as carbohydrate
counting, limiting added sugars, increasing protein, and boosting fiber intake; however,
individuals facing FI struggle to obtain nutritious foods, making adherence to a diabetic
diet extremely challenging [10,11]. A 2022 study found that not having enough food and
not having access to high-quality foods are associated with higher HbAlc levels, suggest-
ing FI and diet quality are crucial to glycemic control [12]. The financial burden of man-
aging diabetes for patients with FI and other SDOHs (e.g., paying for medications) often
competes with buying food, forcing patients to choose between acquiring the necessary
medications and the food crucial to fueling their bodies [11]. These complex interactions
are thought to magnify the burden of T2DM in FI patients, hastening the development of
diabetic-related complications [13]. Beyond glycemic control, T2DM is recognized as a
chronic inflammatory state characterized by insulin resistance, oxidative stress, endothe-
lial dysfunction and vascular injury [14]. These inflammatory and metabolic abnormalities
contribute to the development of diabetic microvascular complications which include
nephropathy, and in this context, FI may plausibly intensify microvascular risk by wors-
ening diet quality and the broader inflammatory burden associated with diabetes [14].

As a consequence of longstanding, uncontrolled T2DM, many patients will eventu-
ally develop microvascular complications [15]. These complications are not solely a con-
sequence of hyperglycemia but also reflect chronic inflammation, oxidative stress, and
endothelial damage [16]. Diabetic neuropathy, for example, is influenced by the duration
of disease and elevated HbAlc levels [17]. While obesity and metabolic complications,
such as high triglyceride levels and low high-density lipoproteins, have been shown to
exacerbate diabetic neuropathy, there are limited data on the association between food

https://doi.org/10.3390/diseases14070250


https://doi.org/10.3390/diseases14070250

Diseases 2026, 14, 250

3 of 18

security status and the development of neuropathy [17-19]. Another example of a micro-
vascular complication of T2DM is diabetic retinopathy [15]. Diabetic retinopathy is caused
by high blood glucose levels damaging the retinal blood vessels, which can lead to vision
loss or blindness [20]. It has been linked to patients who experience FI as they are less
likely to access necessary care associated with the prevention and treatment of retinopa-
thy, leading to earlier onset and more rapid progression [21]. However, there are limited
data regarding the complex interplay between FI and other SDOHSs on the development
of neuropathy and retinopathy in T2DM, as these patients are less likely to get proper
screening with yearly diabetic eye and foot exams and often have worse glycemic control
[22].

Additionally, the association between chronic kidney disease (CKD) and T2DM is
well known, with roughly 40% of T2DM patients developing nephropathy as the disease
progresses [23]. Diabetic nephropathy describes physical changes to the kidney due to the
detrimental effects of longstanding hyperglycemia [24]. A 2014 study examining the effect
of FI on CKD in low-income Americans found that FI is associated with a greater chance
of developing nephropathy in diabetic individuals [25]. Patients with nephropathy who
experience FI are also more likely to progress to end-stage renal disease (ESRD) compared
to food-secure individuals [26]. Further, FI has been shown to exacerbate nephropathy as
these patients are often unable to adhere to a specific kidney-protective diet due to the
intricate dietary details balancing minerals and electrolytes [26-28]. As with diabetic reti-
nopathy and neuropathy, additional studies are needed to quantify the additive effects of
FI among other SDOHs and socioeconomic disparities on diabetic nephropathy.

FI affects millions annually and has been associated with the development and exac-
erbation of chronic health conditions, such as T2DM, and this study aims to evaluate the
association between FI and the development of microvascular complications (neuropathy,
retinopathy, and nephropathy) in a vulnerable population with high rates of insufficient
access to nutritious food [1,4]. The authors hypothesize that FI patients will experience a
greater burden of microvascular complications, with a stronger interaction in those expe-
riencing additional socioeconomic stress.

2. Methods

This retrospective cohort analysis was conducted across five years (January 2018-
January 2023) among adult T2DM patients aged 20-75 (n = 170), with 7 excluded due to
incomplete key variables through a complete-case approach, including relevant infor-
mation regarding FI status, age, AD], or if they were in a marginalized population includ-
ing pregnant women, incarcerated persons, and cognitively impaired patients. These pa-
tients were receiving medical care from Ochsner LSU Health clinics and hospitals in
Shreveport and Monroe, Louisiana. Data were extracted from the Epic Electronic Medical
Record (EMR) via chart review by research associates. The data that were extracted in-
cluded the following: FI status, age, race, ethnicity, sex, Area Deprivation Index (ADI)
state decile, smoking status, microalbumin-to-creatinine ratio (MACR), hemoglobin A1C
(HbA1lc), glomerular filtration rate (GFR), T2DM status, duration of T2DM, T2DM medi-
cations, and microvascular complications of T2DM, including nephropathy, retinopathy,
and neuropathy. FI status was determined via responses to the Hunger Vital Sign (HVS)
questionnaire, a validated two-question survey validated by the American Academy of
Pediatrics and Feeding America [29]. FI status was assessed at the time of clinical encoun-
ter and reflects a single time point. Additionally, ADI is a validated tool that provides
insight into socioeconomic disadvantage experienced at the individual and community
levels [2]. ADI was analyzed using a cutoff of 27 to represent a higher neighborhood-level
socioeconomic disadvantage consistent with study grouping practices, with the prior lit-
erature emphasizing that area deprivation measures are context-dependent and should
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be operationalized based on study design and the populations characteristics [30]. T2DM
status was determined by the International Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) code E11. T2DM-related neuropathy was defined as
ICD-10-CM codes E11.40 and E11.42; T2DM-related retinopathy was defined as ICD-10-
CM codes E11.30, E11.31, E11.32, E11.33, E11.34, and E11.35. Microvascular complications
were identified through documented ICD-10-CM codes within the EMR, and because
EMR-based diagnosis capture depends on clinical documentation and screening practices,
the presence of complications may reflect differences in healthcare access and frequency
of evaluation. MACR, an early indicator of diabetic nephropathy, was categorized into
three groups indicating disease severity: normal (<30 mc/g), microalbuminuria (30-300
mc/g), and macroalbuminuria (>300 mc/g).

Dates of MACR, hemoglobin Alc, and GFR collection fell within 3 months of one
another. T2DM-related medications were reviewed and reported if they were adminis-
tered within 3 months of the MACR, hemoglobin Alc, and GFR test. Analysis using
Jamovi (Version 2.6.26) included descriptive statistics, normality tests via Shapiro-Wilk,
T-tests, ANCOVAs, linear regressions, Chi-squared tests (X?) with a degree of freedom
(df) of 1, and odds ratio (OR) calculations within a 95% confidence interval (CI). Chi-
squared analyses were used to evaluate unadjusted associations. Multivariable models
were used where applicable to account for confounding by clinically relevant covariates
available in the dataset, including age, sex, race/ethnicity, ADI, smoking status, and dura-
tion of T2DM. Data in violation of normality per Shapiro-Wilk (p < 0.05) were transformed
via base-10 logarithm. This study and subsequent analysis were approved by the Louisi-
ana State University (LSU) Health Shreveport School of Medicine Institutional Review
Board (IRB) on 27 September 2024, referenced as STUDY00002796. The study adheres to
the Declaration of Helsinki. The final analytic sample (N = 163) reflects exclusion of rec-
ords with incomplete key variables.

3. Results
3.1. Demographics of the Study Population

The dataset included a total of 163 patients, 46% of whom experienced FI and 54%
who did not. Demographic characteristics and smoking status of the sample size are dis-
played in Table 1. A majority of the patients were female (52.76%), Black or African Amer-
ican (AA) (66.26%), not Hispanic or Latino (99.39%), between the ages of 61 and 70
(38.04%), and had no smoking history (50.92%). Most patients fell within an ADI state
decile of 9 or 10 (50.92%), indicating a high level of socioeconomic disadvantage at the
neighborhood level. The mean age for the dataset was 58, and the mean ADI was 7.71.

Table 1. Demographic characteristics, smoking status, and food insecurity (FI) status of patients
with type 2 diabetes mellitus (T2DM). Data were collected from the electronic medical record (EMR).

“Suppressed” indicates cases with unavailable or incomplete Area Deprivation Index (ADI) data.

FI, n="75 (%) No FI, n =88 (%) Total, n =163 (%)

Sex
Male 31 (41.33) 46 (52.27) 77 (47.24)
Female 44 (58.67) 42 (47.73) 86 (52.76)
Race
Black or AA 41(54.67) 67 (76.14) 108 (66.26)
White 34 (45.33) 20 (22.73) 54 (33.13)
Other 0 (0.00) 1(1.14) 1(0.61)
Ethnicity
Hispanic or Latino 0 (0.00) 1(1.14) 1(0.61)
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Not Hispanic or Latino 75 (100.00) 87 (98.86) 162 (99.39)
Age, Mean = 58.2 +10.2
20-30 1(1.33) 3 (3.41) 4 (2.45)
31-40 4 (5.33) 3(3.41) 7 (4.29)
41-50 10 (13.33) 12 (13.64) 22 (13.50)
51-60 28 (37.33) 27 (30.68) 55 (33.74)
61-70 28 (37.33) 34 (38.64) 62 (38.04)
71-75 4 (5.33) 9 (10.23) 13 (7.98)
ADI State Decile, Mean = 7.71 + 0.205
1-2 3 (4.00) 6 (6.82) 9 (5.52)
34 8 (10.67) 6 (6.82) 14 (8.59)
5-6 10 (13.33) 13 (14.77) 23 (14.11)
7-8 9 (12.00) 15 (17.05) 24 (14.72)
9-10 40 (53.33) 43 (48.86) 83 (50.92)
Suppressed 5 (6.67) 4 (4.55) 9 (5.52)
Smoking Status
Current Smoker 15 (20.00) 12 (13.64) 27 (16.56)
Former Smoker 18 (24.00) 19 (21.59) 37 (22.70)
Never a Smoker 36 (48.00) 47 (53.41) 83 (50.92)
Unknown 1(1.33) 7 (7.95) 8 (4.91)

3.2. Food-Insecure Patients Demonstrated Differences in Microalbumin—Creatinine Ratios and
GFR Compared with Patients That Are Food-Secure

The mean values for MACR, hemoglobin Alc, and GFR, as well as duration of T2DM
among participants in the dataset with and without FI, are detailed in Table 2. Mean val-
ues for MACR and GFR were numerically greater in FI than in non-FI patients, while mean
hemoglobin Alc values and duration of disease were numerically greater in patients who
did not experience FI.

Table 2. Descriptive mean values for microalbumin-to-creatinine ratio (MACR), hemoglobin Alc
(HbA1c), estimated glomerular filtration rate (GFR), and duration of type 2 diabetes mellitus (T2DM)

in patients with and without food insecurity (FI).

Metric Mean (FI) Mean (No FI)
MACR (mg/g) 246 225
Hemoglobin Alc (%) 8.34 8.71
GFR (mL/min/1.73 m?) 56 55
T2DM Duration (years) 5.05 5.37

3.3. Food Insecurity and High ADI Demonstrated an Interaction Associated with Differences in
Microalbumin—Creatinine Ratios

MACR categorization as an indicator for the degree of diabetic nephropathy within
the dataset regarding FI status and ADI is shown in Figure 1. Among FI patients with a
known ADI (n = 71), 70.42% possessed an ADI > 7, which is indicative of a high degree of
socioeconomic disadvantage. The MACRs of FI patients with an ADI > 7 were mainly
within normal limits (68.00%), followed by microalbuminuria (24.00%) and macroalbumi-
nuria (8.00%) (Figure 1). Of FI patients with an ADI <7, 42.86% of MACR values were
within normal limits, 42.86% had microalbuminuria, and 14.29% had macroalbuminuria
(Figure 1). Most food-secure patients with an ADI > 7 had MACR values within normal
limits (49.12%), followed by microalbuminuria (29.82%) and macroalbuminuria (21.05%)
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(Figure 1). In contrast, in food-secure patients with an ADI <7, MACR values were mainly
within normal limits, followed by 32% with microalbuminuria and 4% with macroalbu-
minuria (Figure 1). Thus, higher proportions of macroalbuminuria were observed in food-
secure patients with an ADI > 7; however, these subgroup patterns should be interpreted
in the context of the significant FI X ADI interaction, indicating that the association be-
tween FI, ADI, and MACR was not uniform across strata. This counterintuitive finding
suggests that relationship between FI, neighborhood-level deprivation, and albuminuria
may be influenced by additional clinical or demographic factors not fully captured in the
current dataset.

60

50
=== -

40

= Macroalbuminuria
30 . g
Microalbuminuria
Normal

20 =

Number of Patients

10

FI+ADI27 FI+ADI<7 NoFl+ADI27 NoFl+ADI<7

Figure 1. Distribution of microalbumin-to-creatinine ratio (MACR) categories (normal, microalbu-
minuria, and macroalbuminuria) across combined food insecurity (FI) and Area Deprivation Index
(ADI) groups. Patients are stratified into four categories: FI with ADI > 7, FI with ADI <7, non-food-
insecure (No FI) with ADI > 7, and No FI with ADI <7. ADI is categorized using state deciles (low
<7, high > 7). The y-axis represents the number of patients within each subgroup. FI = food insecu-

rity; ADI = Area Deprivation Index.

Initially, MACR was not normally distributed (Shapiro-Wilk W = 0.377, p < 0.001);
thus, logarithmic transformation (base 10) was utilized for analysis. Per independent-sam-
ples T-test, no statistically significant differences were observed across log (MACR) (t [159]
=1.14, p = 0.257), hemoglobin Alc (t [160] = 0.928, p = 0.355), or GFR (t [159] = -0.570, p =
0.570) between FI and non-FI patients. However, after adjusting for hemoglobin Alc, GFR,
medication use, duration of T2DM, and ADI, an ANCOVA revealed a significant FI and
ADI interaction associated with log (MACR) (F [1,138] = 5.07, p = 0.026) (Figure 2). How-
ever, FI alone was not independently associated with log (MACR) (F [1,138] = 3.09, p =
0.081). Given a modest sample size, greater emphasis was placed on effect sizes, confi-
dence intervals, and p-values, when interpreting the findings.
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FI x ADI Interaction on log(MACR)
(Adjusted for Hemoglobin Alc, GFR, Medications, T2DM duration)
- Interaction: F(1,138)=5.07, p=0.026
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Figure 2. Interaction between food insecurity (FI) status and Area Deprivation Index (ADI) in pre-
dicting log-transformed microalbumin-to-creatinine ratio (logl0 MACR), adjusted for hemoglobin
Alc (HbAlc), estimated glomerular filtration rate (GFR), medication use, and duration of type 2
diabetes mellitus (T2DM). The y-axis represents adjusted logl0(MACR) values (mg/g), and the x-
axis represents ADI category (low <7 vs. high >7 state deciles). FI status is stratified into food-inse-
cure (FI; dashed line) and non-food-insecure (No FI; solid line) groups. The interaction between FI
and ADI was statistically significant (F [1,138] = 5.07, p = 0.026).

3.4. Food Insecurity and ADI Demonstrated Differing Patterns of Association with MACR

When analyzing the interaction between FI and log-transformed MACR, the non-
parallel orientation of the lines in Figure 2 suggests a significant interaction (p = 0.026). In
both high (ADI = 7) and low (ADI <7) groups, logl0(MACR) decreased as ADI increased.
In FI patients (light grey, dashed line), the slope appears steeper, suggesting a more sub-
stantial association of ADI with log (MACR) compared to food-secure patients (dark grey,
solid line) (Figure 2). The mean of log (MACR) for FI patients from high- and low-ADI
groups was 1.35 mc/g and 1.55 mc/g, respectively (Figure 2). The mean of log (MACR) for
food-secure patients from high- and low-ADI groups was 1.50 mc/g and 1.65 mc/g, re-
spectively (Figure 2), indicating that within this sample, food-secure patients in low-ADI
groups demonstrated higher mean log (MACR) values, highlighting the complexity of the
relationship between FI, ADI, and albuminuria.

3.5. Food Insecurity and High ADI Demonstrated Differences in the Prevalence of
Microvascular Complications

Additional microvascular complications of T2DM experienced by patients at the time
of MACR collection within the study population, with further classification by FI and ADI
groupings, are displayed in Figure 3. FI patients with an ADI > 7 (n = 50) suffered from
T2DM-related neuropathy (40.00%) and retinopathy (18.00%) (Figure 3). The prevalence
of such diagnoses in FI patients with an ADI <7 (n = 21) was 38.10% and 9.52% for neu-
ropathy and retinopathy, respectively (Figure 3). The prevalence of diagnoses in food-
secure patients with an ADI > 7 (n = 57) was 36.84% and 10.53% for neuropathy and reti-
nopathy, respectively (Figure 3). Food-secure patients with an ADI <7 (n = 25) had the
lowest prevalence of neuropathy (24.00%) and retinopathy (8.00%) (Figure 3). As such, FI
patients with an ADI > 7 showed the highest observed prevalence of neuropathy and ret-
inopathy in this sample; however, these subgroup differences represented unadjusted as-
sociations and should be interpreted cautiously.
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Figure 3. Prevalence of diabetic neuropathy and retinopathy stratified by combined food insecurity
(FI) status and Area Deprivation Index (ADI). Patients are grouped into four categories: FI with ADI
> 7, FI with ADI < 7, non-food-insecure (No FI) with ADI > 7, and No FI with ADI < 7. ADI is cate-
gorized using state deciles (low <7, high >7). The y-axis represents the number of patients with each
complication within each subgroup. Outcomes include diabetic neuropathy and diabetic retinopa-

thy. FI = food insecurity; ADI = Area Deprivation Index.

With further analysis, only the duration of T2DM was statistically significantly asso-
ciated with neuropathy (3 = 0.022, p = 0.040) in a linear regression after controlling for FI
status, hemoglobin Alc, GFR, medication use, and ADI. Similarly, in a linear regression
after controlling for the duration of T2DM, FI status, hemoglobin Alc, medication use,
and ADI, only lower GFR was statistically significantly predictive of retinopathy ( =
—0.006, p = 0.029).

Interestingly, in a Chi-squared test analysis, FI participants with an ADI > 7 with a
T2DM duration greater than 5 years were statistically significantly more likely to have
neuropathy (X2=5.12, p=0.024, OR =2.74, 95% CI 1.12, 6.73) and retinopathy (X?>=10.9, p
<0.001). Therefore, longer T2DM duration was associated with these complications in un-
adjusted analyses. The prevalence of T2DM-associated neuropathy in the dataset was
most significant in FI patients with an ADI >7 (40.00%), followed by patients with FI and
an ADI <7 (38.10%), food-secure patients with an ADI > 7 (36.20%), and food-secure pa-
tients with an ADI <7 (24.00%). A similar pattern was observed for patients with T2DM-
associated retinopathy, with prevalence greatest in FI patients with an ADI > 7 (18.00%),
followed by food-secure patients with an ADI > 7 (10.30%), FI with an ADI <7 (9.50%),
and food-secure patients with an ADI < 7 (8.00%). Significant results yielded in Chi-
squared testing but not in linear regression suggest a difference in results between meth-
ods, which is not fully explained by the linear model for both neuropathy (Figure 4) and
retinopathy (Figure 5), in which the additive effects of both FI and high ADI (27) yield the
highest risk of microvascular complications in T2DM patients. This finding likely reflects
differences between unadjusted and adjusted analyses. Accordingly, the observed sub-
group differences should be interpreted cautiously, as the Chi-square findings do not ac-
count for potential confounding. The discrepancy between Chi-square and regression re-
sults reflects a difference in model structure, with Chi-square analyses representing un-
adjusted associations, whereas regression models adjust for confounding variables, which
may attenuate observed associations here. Given the exploratory nature of these analyses
and the modest sample size, these findings should be considered hypothesis-generating
and require validation in larger populations.
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Figure 4. Prevalence of diabetic neuropathy (%) stratified by combined food insecurity (FI) status
and Area Deprivation Index (ADI). Patients are grouped into four categories presented in the fol-
lowing order: non-food-insecure (No FI) with ADI > 7, food-insecure (FI) with ADI =7, No FI with
ADI <7, and FI with ADI <7. ADI is categorized using state deciles (low <7, high >7). Neuropathy
prevalence (%) is displayed for each subgroup. FI = food insecurity; ADI = Area Deprivation Index.

No FI+ADI27

No FI+ADI <7

FI+ADI<7

0 5 10 15 20
Retinopathy Prevalence (%)

Figure 5. Prevalence of retinopathy (%) stratified by combined food insecurity (FI) status and Area
Deprivation Index (ADI). Patients are grouped into four categories presented in the following order:
non-food-insecure (No FI) with ADI > 7, food-insecure (FI) with ADI > 7, No FI with ADI <7, and FI
with ADI < 7. ADI is categorized using state deciles (low <7, high >7). Retinopathy prevalence (%)
is displayed for each subgroup. FI = food insecurity; ADI = Area Deprivation Index.

3.6. Food-Secure Patients Showed Different Patterns of T2DM Pharmacotherapies

Another interesting aspect that relates to the progression and prevention of micro-
vascular complications of T2DM includes pharmacotherapy utilized by patients at the
time of MACR collection within the study population, which is summarized in Figure 6.
The majority of both FI (37/75, 49.33%) and food-secure (37/88, 42.05%) patients used oral
medication only for T2DM treatment (Figure 6). Conversely, more food-secure patients
used insulin only (21/88, 23.86%) or a combination of oral and insulin therapy (21/88,
23.86%) compared with FI patients (13/75, 17.33%, and 18/75, 24.00%, respectively) (Figure
6). Classes of oral medications listed by prevalence in the dataset included: biguanides,
glucagon-like peptide-1 receptor agonists, dipeptidyl peptidase-4 inhibitors, sodium-glu-
cose-cotransporter-2 inhibitors, sulfonylureas, and thiazolidinediones. FI patients were
not statistically significantly more likely to use oral medication (X?=1.03, p=0.311, OR =
1.38, 95% CI 0.740, 2.57) or insulin alone (X2 =0.961, p = 0.327, OR = 0.680, 95% CI 0.314,
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1.47), or both concurrently (X?=0.00467, p =0.946, OR =1.03, 95% CI10.498, 2.11) compared
to food-secure patients.

No medication - 7

" 21
oretandin=il | -
No FI
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Figure 6. Distribution of pharmacotherapy usage (number of patients) in patients with type 2 dia-
betes mellitus (T2DM) stratified by food insecurity (FI) status. Medication categories are presented
in the following order: no medication, oral and insulin therapy, insulin only, and oral therapy only.
Patients are grouped into non-food-insecure (No FI) and food-insecure (FI) categories. Values pre-
sented are the number of patients within each FI group. Data were extracted from the electronic
medical record (EMR) at the time of microalbumin-to-creatinine ratio (MACR) collection. FI = food

insecurity; EMR = electronic medical record; MACR = microalbumin-to-creatinine ratio.

4. Discussion

In this study, it was found that nearly half of the patients included reported experi-
encing FI. According to Feeding Louisiana, approximately 827,690 people, or one in six
Louisianians, face the challenge of FI daily, emphasizing the importance of screening and
intervention [4,5,31]. A lack of consistent access to nutritional food is especially prominent
in Black, low-income communities in Louisiana [8]. This vulnerable demographic is rep-
resented by this study’s cohort, which included predominantly Black and high-ADI pa-
tients (Table 1). While this population is likely to be affected by FI, patient hesitancy in
answering screening questions, misinterpretation of questions, or incomplete screening
by providers may contribute to underreporting of the FI population across communities
[4,31].

Potential disparities between medication access and compliance in T2DM patients
experiencing FI were reflected in this dataset, as more food-secure patients managed their
T2DM using insulin only or a combination of oral and insulin compared to FI patients
(Figure 6). In contrast, food-secure patients with T2DM are more likely to achieve better
glycemic control, suggesting better access to diabetes-friendly foods, medications, and
healthcare services [32,33]. Food insecurity and neighborhood socioeconomic disad-
vantage may contribute to diabetic microvascular complications through different biolog-
ical and behavioral pathways. Food insecurity is associated with reduced access to high-
quality foods, cyclical food availability, and increased reliance on energy-dense diets. This
can overall contribute to weight gain and increased chronic disease risk [34]. It has also
been conceptualized as a lived stressor that can activate physiologic stress responses
which promote adverse metabolic outcomes [35]. The existing literature further supports
this finding as T2DM patients experiencing FI face difficulties in achieving glycemic con-
trol, leading to poor outcomes and more rapid progression of disease complications

https://doi.org/10.3390/diseases14070250


https://doi.org/10.3390/diseases14070250

Diseases 2026, 14, 250

11 of 18

[13,32]. As glycemic control is paramount for proper T2DM management and prevention
of microvascular complications, the authors expected statistically significant associations
across the dataset.

In this dataset, FI alone was not a statistically significant predictor of nephropathy
when comparing FI and food-secure T2DM patients ([log (MACR) t [159] =1.14, p =0.257,
GER [t [159] = -0.570, p = 0.570]). This aligns with the existing literature, suggesting that
GFR and MACR are not acutely sensitive to FI [36,37]. However, longitudinal studies have
shown that FI increases the risk of progression to ESRD over time, indicating a possible
dose-dependent relationship between the time of FI exposure and the development of mi-
crovascular changes; highlighting the importance of identifying and addressing FI as part
of comprehensive nephropathy management to mitigate long-term renal decline in T2DM
[26]. Additionally, low diet quality in patients is associated with poor glycemic control,
and this together accelerates the progression of nephropathy in T2DM patients [38—41].
Such risk is exacerbated in patients when FI coexists with high ADI and thus low socioec-
onomic status (SES), likely due to a lack of resources and barriers to care [32,42,43].

When adjusting for confounders, a statistically significant interaction was found be-
tween FI and ADI in predicting log (MACR) (F [1,138] = 5.07, p = 0.026). Patients with
concomitant FI and high ADI had statistically significantly lower MACR values, indicat-
ing a lower degree of albuminuria and nephropathy compared to food-secure individuals
(Figure 2), an observation that warrants further investigation, as the contrary was ex-
pected. These results may reflect FI misclassification, unmeasured social or behavioral fac-
tors (such as healthcare utilization, cultural differences, education backgrounds, and in-
surance status by limiting the ability for MACR screening), or factors related to healthcare
access within this group. While the degree of albuminuria was less pronounced in FI pa-
tients, the interaction between FI and ADI was stronger than in food-secure patients (Fig-
ure 2). These results could suggest that ADI may exert a greater effect in FI rather than
food-secure populations, demonstrating the complex interplay between FI and SES on
kidney health and the multifaceted impact of adversity on diabetes management.

In the dataset, only the duration of diabetes was statistically significant in predicting
neuropathy ( =0.022, p=0.040) via linear regression. However, in a Chi-squared analysis,
T2DM patients were statistically more likely to develop neuropathy with an ADI >7 and
a disease duration greater than 5 years (X2=15.12, p = 0.024, OR = 2.74, 95% CI 1.12, 6.73).
The discrepancy in findings between the linear regression and Chi-squared analyses could
be attributed to threshold effects within the dataset (Figure 4). Nonetheless, significant X2
results imply that coexisting FI and high ADI (27) yield the highest risk of neuropathy in
the study population, corroborating the combined effect of FI and SES in T2DM manage-
ment. Studies regarding FI and the development of neuropathy in T2DM are limited; how-
ever, poor glycemic control and decreased intake of neuroprotective nutrients, including
vitamins B6 and B12, among FI individuals is thought to increase the risk of neuropathy
[44].

While one study found that MACR can predict the progression of retinopathy, a sta-
tistically significant association was not observed in this dataset, as low GFR was the only
statistically significant factor [45-48]. When FI co-occurred with a high ADI, the authors
observed an additive effect in the development of retinopathy —highlighting the complex
interplay between SDOHs existing within the study population [49]. FI patients with high
ADI were statistically more likely to develop retinopathy if they had had T2DM for 5 years
or more (X?=10.9, p <0.001). The lowest prevalence of retinopathy was seen in food-secure
patients with a low ADI (Figure 5), a finding that aligns with the previous literature as
these patients experience less socioeconomic disadvantage [49-51]. The literature reports
that 24-40% of patients with poor T2DM management develop retinopathy within 5 years,
with FI contributing to earlier onset and more rapid progression of retinopathy, similar to
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what we see in this cohort [11,52,53]. Although population-level comparison data for FI
and ADI were not available, the cohort represents a health-system-based sample from a
socioeconomically disadvantaged area, which may enhance relevance to a similar popu-
lation while limiting broad generalizability. Additionally, some observed associations
reached statistical significance with a modest effect size, which is why the interpretation
of p-values in the context of sample size and confidence interval is important.

These findings also have an implication for healthcare policy. Integrating routine FI
screenings and social determinants of health assessments could identify high-risk patients
and change policy to support linkage of clinical care to nutritional services. This study
focused on microvascular complications, while T2DM is associated with macrovascular
complications, which could be relevant in the context of FI and socioeconomic disad-
vantages. Additionally, these findings may have relevance for clinical and public health
practice especially when identifying high-risk patients through screening for FI and soci-
oeconomic disadvantage. The cross-sectional design however limits the causal association.

5. Strengths and Limitations

This study possesses several notable strengths. Most importantly, it includes a well-
characterized population with a robust representation of MACR and FI in patients with
CKD and T2DM in North Louisiana. This population is underserved, with many individ-
uals residing in areas of socioeconomic disadvantage, as indicated by ADI, and an FI rate
of 16.2%, well above the national average of 12.2%, enhancing the generalizability of our
findings to similarly underserved populations in the United States [54]. The observed dis-
tributions between the relationships of FI, T2DM, MACR, and complications of T2DM are
consistent with the existing literature, lending external validity to these results. Further-
more, the study design enabled the examination of multiple associations across a range of
clinical outcomes, providing a more nuanced understanding of the complex interplay be-
tween FI and ADI, as well as how these markers can be utilized to assess T2DM disease
progression and its associated microvascular complications.

As a retrospective cohort analysis, this study is subject to inherent biases. There is a
possibility of misclassification regarding the temporal relationship between diagnoses of
T2DM and related microvascular complications, which may affect the interpretation of
causality. The effect of FI on MACR and the development of nephropathy is not the
strongest indicator of T2DM disease progression at any given point in time, although
MACR is more predictive of developing kidney disease than GFR alone; however, the
association with FI has not been well studied [36,37,55,56]. Additionally, despite efforts to
adjust for confounders, unmeasured or residual variables may still exist, given the obser-
vational nature of the data. Relevant demographic, clinical, behavioral, healthcare-access,
and social variables may also have contributed to the residual confounding in this study,
as not all potentially relevant factors, such as age, sex, smoking status, glycemic control,
lipid parameters, blood pressure, BM], kidney function, diabetes duration, medication use,
healthcare utilization, or other socioeconomic stress were uniformly available or incorpo-
rated into the analyses in this retrospective cohort. Missing data also posed a challenge;
some patient records lacked complete clinical information, particularly among individu-
als who had recently relocated or whose prior medical history was inaccessible. These
missing elements include, but are not limited to, dates when they were diagnosed with
T2DM, when they began T2DM treatment, and often when they first developed microvas-
cular complications. Overall, these complications led researchers to use clinical judgement
to estimate when issues most likely arose in relation to MACR collection. Finally, the study
sample included a limited representation of individuals of Hispanic ethnicity (Table 1),
which restricts our ability to draw conclusions about the associations within this popula-
tion and may limit the generalizability of our findings to more diverse demographic
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groups. Interestingly, the previous literature reports an extensive degree of FI and high
ADI in Hispanic populations [57-59]. Additionally, because FI was assessed at a single
time point, using the Hunger Vital Sign questionnaire, which is a validated screening tool,
and not a comprehensive assessment of food insecurity, changes in status of food insecu-
rity over time were not captured. Under-reporting related to stigma and recall bias, for
example, may therefore have resulted in exposure misclassification. Additionally, given
the retrospective design of this study, the findings should be interpreted as associations
rather than causation. Additionally, assay-level standardization data for biochemical
markers such as MACR across individual testing sites were not available in the EMR, and
inter-site variation in these measurements may have influenced the assessment of micro-
vascular outcomes.

The relatively small sample size may have also reduced the statistical power and also
increased the uncertainty around the subgroup and interaction analyses. Multiple out-
comes were evaluated, which may cause a type 1 error to occur. These findings should be
considered exploratory and hypothesis-generating until confirmed through a larger study.
Additionally, because neuropathy and retinopathy were identified from routine clinical
documentation, and nephropathy was assessed using clinically available MACR values,
outcome misclassification and detection bias is possible. Because of the retrospective ob-
servational nature of this design, the relationship between FI and development of micro-
vascular complications cannot be definitively established. Because the analyses were un-
adjusted, potential confounding by demographic and lifestyle-related factors could not be
accounted for; therefore, these findings should be interpreted cautiously. Additionally,
the retrospective nature limited assessment of missing data patterns, and the evaluation
of alternative ADI categorization approaches and outcomes identified through EMR doc-
umentation and ICD-10-CM codes may be influenced by differences in screening and doc-
umentation practices.

Future Directions

Future studies should include a prospective analysis of patients to better understand
the causality between observed findings. While MACR is the preferred biomarker to as-
sess progression of kidney dysfunction, it is not acutely sensitive to FI in this dataset, de-
spite a well-known association of worse renal outcomes with FI [26,36,37]. Future studies
should utilize additional time points to assess the role of FI better in the development of
these complications across a temporal span. Other measures, such as sustained elevations
in HbAlc, dietary acid load, self-care behaviors, and measures of medication adherence,
may also help understand the relationship between FI and microvascular complications
of T2DMV, specifically nephropathy, neuropathy, and retinopathy [60-63]. While there was
a significant relationship between FI with concurrent high ADI and the development of
retinopathy and neuropathy in this cohort, this study needs to be repeated in a larger,
more diverse population to fully understand the true prevalence of this association and
its broader effects on the overall health of T2DM patients. Specifically, studies aimed at
understanding the driving mechanism between high AD], FI, and worsening of microvas-
cular complications would help guide clinical practice in managing these patients earlier
in the course of their disease. Future studies may also benefit from using multilevel mod-
eling to account for clustering of patients in neighborhoods.

6. Conclusions

The present investigation assessed the association between FI and ADI with devel-
opment of microvascular complications in an underserved population of 163 T2DM pa-
tients in Northern Louisiana. Among study participants, 46% experienced FI, and 50.92%
of patients had an ADI > 7 (an average ADI of 7.71), indicating a high degree of
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socioeconomic disadvantage. The results suggest that FI alone was not a significant pre-
dictor of the occurrence of microvascular complications but was associated with poorer
glycemic control, which may contribute to the exacerbation of these microvascular com-
plications. When combining FI with socioeconomic disadvantage as indicated by high
AD], the odds of developing neuropathy and retinopathy were significantly higher com-
pared to food-secure persons within the dataset. These findings should be interpreted as
hypothesis-generating and indicate associations between FI, socioeconomic disadvantage,
and diabetic microvascular complications, rather than causal relationships. These findings
support the importance of routine food insecurity screenings. These data emphasize the
importance of encouraging enhanced FI screening by healthcare providers to identify FI,
AD], and other social factors that may help inform patient-centered care strategies, espe-
cially in high-risk populations. However, additional longitudinal studies are needed to
determine whether early identification or targeted interventions can reduce the burden of
diabetes-related complications. Researchers encourage the replication of this study in ad-
ditional populations to better understand the associations between FI and social factors in
relation to T2DM management and its complications. The early identification of individ-
uals experiencing food insecurity and socioeconomic disadvantage may help guide future
intervention strategies aimed at addressing diabetes-related complications.
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