Clarifying the Association between Food Insecurity and Chronic
Disease: Why Methods Matter
Supplementary Information

Daniel J. Arenas MD PhD!, Sourik Beltran MD??,
Paul Okoyeh MD*, Horace M. DeLisser MD'!

"Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA
’Division of General Medicine, Beth Isracl Deaconess Medical Center, Boston, MA
3The Mongan Institute, Massachusetts General Hospital, Boston, MA
“Wake Forest University Baptist Medical Center, Winston-Salem, NC



Section 1: Search Strategy and Review Scope

This work is a narrative review, not a systematic one. Its primary objective is to synthesize and
contextualize methodological variation—particularly the distinction between self-reported and

objectively measured outcomes—in studies examining the relationship between food insecurity
(FIS) and chronic disease.

Comprehensive systematic reviews and meta-analyses published through 2019 had already
synthesized studies linking FIS to hypertension, diabetes, and dyslipidemia. These reviews
employed broad search strategies across multiple databases and, importantly, stratified their
findings by measurement method (e.g., self-reported diagnosis vs. biomarker-based definitions).
Given the thoroughness and methodological clarity of those earlier efforts, we did not attempt to
duplicate them. Instead, this narrative review builds upon that foundation by evaluating how
methodological choices in post-2019 studies may shape interpretation, especially for clinical
audiences.

To identify relevant recent literature, we conducted a targeted (but non-systematic) PubMed
search in April 2025 using straightforward keyword combinations—"“food insecurity” with
“dyslipidemia,” “hypertension,” or “diabetes”—to capture some studies published through early
2025. We also identified additional studies through citation tracing and review of key references
from prior systematic reviews and well-known papers in the field. Because this is a narrative
review focused on methodological themes, our goal was not to be exhaustive but to illustrate
how post-2019 studies reflect or diverge from earlier patterns, particularly in terms of outcome
measurement.

Section 2: Supplementary Tables

This section highlights and organizes the post-2019 studies discussed in the main manuscript.



Meta-

Year Publication Relevant text analysis
cited as
"Further, findings from systematic reviews food insecurity indicate that is associated with a higher
2022 Caceres et al.! risk for incident hypertension, type 2 diabetes, and CVD, as well as greater cardiovascular #41
mortality [41-45]"
. "There is strong evidence that food insecurity is a risk factor for diabetes and hypertension, which
2022 Kolli et al.2 . . #46
oieta are, in turn, risk factors for VI.[25,26,45,46]"
) " a meta-analysis by Beltran et al.,[95] food insecurity was significantly associated with
2022 Rob tal’ . . 5
ovisoneta hypertension (odds ratio 1.44, 95% CI 1.16-1.79)." &
4 "In the face of such barriers, numerous studies have documented associations between food
2023 Owens et al. i . . . . #10
insecurity and adverse health outcomes, including hypertension (9—11)"
"Furthermore, individuals experiencing food insecurity and poor-quality diets have a greater risk
2023 Arzhang et al.’ of diabetes and hypertension, which is a potential risk factor for vision impairment through #30
increased inflammatory and oxidative stress products (10, 30, 31, 32, 33)."
"Food insecurity impairs medication adherence because patients are confronted with a challenging
2023 Dillman et al.®  situation in which they must either feed themselves or spend limited resources on antihypertensive #18
medications.17-20"
"Past studies have also shown that the lack of regular access to enough safe and nutritious food is
2023 Fong et al.” linked to a range of chronic health conditions, such as cardiovascular diseases [6,7], hypertension #8
[2,8], diabetes [9,10], and physical frailty [11-13]."
"Previous studies suggest that food insecurity contributes to poor mental health conditions such as
2023 Kota et al.} depression, stress and anxiety, suicidal ideation [8, 9], cardiovascular diseases [10], hypertension #11
[11], and diabetes [12]."
2023 Meyerovitz et al.? " which is cons:istent with qther studies' findings associ.ating food insecurity with hy'I’)ertension, 445
cardiovascular disease, and poorer chronic disease management.9, 45, 46
"Similar to previous reports, our study observed a significant association between food insecurity
2024 Onugha et al.'? and hypertension among U.S. adults,24,25 reinforcing the link between food insecurity and #24
chronic diseases like hypertension.10"
"A large and growing literature has clearly established that food insecurity is strongly associated
" with adverse health outcomes, including poor overall health, cardiovascular disease, Beltran et
2024 Myers et al. .. . . . . . . . . .
hyperlipidemia, stroke, kidney disease, non-alcoholic fatty liver disease, inflammation, chronic = al., 2022
pain, pulmonary disease, and diabetes (Beltran et al., 2022)"
2005 Barnes et al 12 Hispanic households generally.also ha.ve hlgher rates of f09d insecurity,23 which, in turn, is 44
associated with having hypertension.24"
2025 Chen et al.1* "Even worse? %rregular dietary paj[terns disrupt métabolic health and increas§ th.e risk of obesity 419
[17], malnutrition [18], hypertension [19], heart disease [2], and other chronic diseases [12,20],"
2025 Hou ot al 1* "Inadequate nutrition due to FI can contribute to inflammation, oxidative stress, and endothelial 431

dysfunction, all of which are implicated in the development of hypertension[31]."

Table S1. Examples of studies citing the systematic review by Beltran et al.!> as evidence of an
association between food insecurity (FIS) and hypertension, without noting that the original
review found significant associations only for self-reported (not measured) hypertension.




Association | Relevant Information
Y Publicati Populati
ear ublication N opulation with FIS Found in
Native Hawaiian and Pacific
2021 L t al.!® 533 Yes* Table 3
ongeta Islander (NHPT) e able
2022| Sharedal et al.'” 10,449 NHANES 2007-2016 No Table 1
2022|  Wuetal's 157 Clients of a food pantry in No Text
Michigan
2023 Dong et al.”® 6,424 NHIS-2019-'2020. Diabetic Yes Table 1**
patients.
2024| Guedes et al.?° 316 Seniors (>60 yrs old) in Brazil No Table 3
2025 Royeretal?! 3,676 NHANESZOleg:& 40 yrs and Yes Table 3

Table S2. Examples of studies published since 2020 with data exploring the association between
a positive food insecurity (FIS) screen and self-reported history of hypertension diagnosis. This

table is part of a narrative review; studies were not identified through a formal systematic review
process.

*: Association was significant only with very low food insecurity
**: Results shown for weighted sample sizes




Relevant

.. . Association R
Year Publication Measurement Method N Population . Information
with FIS )
Found in
HTN defined as: SBP >=
2020 Hamedi et al.? 140 or DBP >= 90 or use of | 630 Women in Zabol, Iran Yes Table 3
anti-HTN drugs*
SBP and DBP from Systolic: No;
23 _ s
2020 Sun et al. NHANES 27,188 NHANES 1999-2014 Diastolic: Yes Table 2
Public health centers i
2021 | Abdurahman et al SBP and DBP p77 | C DS MeaTeemiers in No Table 3
Tehran, Iran
25 . . Systolic: Yes;
2022 |Hashemzadeh et al. SBP and DBP 190 Women in Shiraz, Iran . . Table 3
Diastolic: No
HTN defined as: SBP >= Nepal D hic and
2022 | Joshietal? 140 or DBP >= 90 or use of | 9,827 | P Pemographic an Yes#* Table 3
. Health Survey
anti-HTN drugs
SBP and DBP from EHR, Medicaid ACO patients;
2022 | Sonnenblick et al.?’ | outpatient only. SBP >= 140 | 180 | community health centers No#** Table 2
or DBP >=90 near Boston
Mothers i
2023 | Caamaiio et al.?® SBP and DBP 321 others in Querentaro, No Table 3
Mexico
American-Indian/Alaska- .
2 . . Systolic: Yes;
2023 Dong et al. SBP and DBP 142 Native youth in urban . . Table 3
. . Diastolic: No
California
2023 Ing et al ¥ BP measured by the 124 Parent/Gu'ardlan ofa chl.lfi Yes Table 2
participants enrolled in CHL. Hawaii
HTN defined as: SBP >=
. 3 .
2024 | Bozdemir et al. 140 or DBP >= 90 175 Adults in Turkey Yes Table 2
HTN defined as: SBP >=
. 0 .
2025 Christian et al. 140 or DBP >= 90 430 | Women farmers in Ghana No Table 1
2025 Valerio et al.* ICD10 codes and 479 HIV Clinical Cohort No Table 2

medications on EHR

Table S3. Examples of studies published since 2020 with data exploring the association between
a positive food insecurity (FIS) screen and objectively measured hypertension indicators. Unless
otherwise noted, blood pressure measurements were conducted by the study investigators. This

table is part of a narrative review; studies were not identified through a formal systematic review

process.

CHL: Children’s Healthy Living Center of Excellence

*: Definition of HTN as explained in the methodology section??
**: FIS was associated with lower risk of hypertension

*#%: Association dropped with covariate analysis




Year

Publication

Relevant text

Meta-analysis
cited as

2023

Cai et al.**

" Food insecurity could alternatively increase the risks of
adverse health conditions such as diabetes [37], hypertension
[3 8] n

#38*

2024

Sohrabi et al.®

"Second, food insecurity is a significant cause of chronic
stress, which potentially triggers cortisol release pathways
and exacerbates disruptions in glucose tolerance and insulin
sensitivity, influencing the development of
diabetes [54]."

#54

2025

Kehm et al.3¢

"FI is associated with several established and emerging risk
factors for HCC, including poor diet quality [37], diabetes
[38,39,401,"

#40

2022

Salinas-Roca et al.’’

"Inadequate nutritional habits or a deficient diet can lead to
metabolic disorders and consequently the development of
chronic non-communicable diseases (NCDs), such as
cardiovascular disease (CVD) and diabetes mellitus (DM)
[3,4,5,6,7]."

#7

Table S4. Examples of studies citing the systematic review by Beltran et al.>® as evidence of an
association between food insecurity (FIS) and diabetes (top 3 rows), without noting that the

original review found significant associations only for self-reported—not objectively

measured—outcomes. The bottom row shows one study citing the meta-analysis by Arenas et
al.3° on FIS and dyslipidemia, without distinguishing between self-reported and measured

outcomes.

*: The diabetes meta-analysis is being cited for hypertension, perhaps the authors meant the

citation for diabetes




Relevant

L. Method of . Association .
Year Publication N Population . Information
Measurement with FIS .
Found in
Fasting blood
2020 Hamedi et al.?? glucose and post- 630 Women in Zabol, [ran No Table 3
prandial glucose
Fasting glucose from
23 -
2020 Sun et al. NHANES 27,188 NHANES 1999-2014 Yes Table 2
2001 Abdudarazl:man et Fasting blood 277 Pul?lic health centers Yes Table 3
al. glucose in Tehran, Iran
2021 Walker et al.*! Alc and self-report 35,216 NHANES 2003-2016 Yes Table 1
. Shi
2022 Hashemzz';tdeh et Fasting blood 190 Women in Shiraz, Yes Table 2
al. glucose Iran
2023 Caamafio et al.?® F?Stmg glucfose and 321 Mothers in , Yes Table 3
insulin resistance Querentaro, Mexico
American-
Indian/Alaska-Nati
2023 Dong et al.?? Alc 142 fdiaiyAaska-ative No Table 3
youth in urban
California
Fasting glucose, if
2024 Bozdemir et al.?! high, step up to 175 Adults in Turkey No Table 2
glucose tolerance test
Diabetic patients in
2024 DelJesus et al. Alc in EHR records 1,596 primary care clinics in No Table 4
Minnessota
Al icati
2025 Valerio et al.* ¢ and medications 479 HIV Clinical Cohort No Table 2

on EHR

Table S5. Examples of studies published since 2020 with data exploring the association between
a positive food insecurity (FIS) screen and objectively measured diabetes indicators. Unless
otherwise noted, measurements were conducted by the study investigators. This table is part of a

narrative review; studies were not identified through a formal systematic review process.




Association Relevant
Year Publication N Population ] rt Information
with FIS .
Found in
Native Hawaiian and Pacific Islander
2021 L t al.! 506 Yes* Table 3
ong et a (NHPI) es able
California Health Interview Survey
2022 b t al. 40 2,284 Y Table 2
Osborn et a , (2012-2017) es able
2022 Sharedal et al.!” 10,449 NHANES 2007-2016 No Table 1
2022 Wu et al.!® 157 Asian Americans in Michigan No Text
2024 Guedes et al.?° 316 Seniors (>60 yrs old) in Brazil No Table 3
NHANES 2017-2018; 40 d
2025 Royer et al.?! 3,676 older » U YIS an Yes Table 3

Table S6. Examples of studies published since 2020 with data exploring the association between
a positive food insecurity (FIS) screen and self-reported history of diabetes diagnosis. This table
is part of a narrative review; studies were not identified through a formal systematic review
process.

*: Association was significant only with very low food insecurity



Relevant

Method of A iati ith
Year Publication ethodo N Population ssoctation wi Information
Measurement FIS .
Found in
. . Yes: TG; No: HDL
2020 Hamedi et al.?? TC, TG, HDL, LDL 630 | Women in Zabol, Iran es: TG; No ’ Table 3
LDL, TC
TC, LDL, HDL, TG Yes: HDL, TG; No:
2020 S t al.?? ’ ’ ’ 27,188 NHANES ’ ’ Table 2
uneta from NHANES* : LDL, TC e
Public health t
2021 Abdurahman et al.?* TG, HDL 277 u. 1€ health Conters 1 y o TG; No: HDL Table 3
in Tehran, Iran
2022 Hashemzadeh et al.**| TC, HDL, LDL, TG 190 | Women in Shiraz, Iran Yes: All Table 2
Mothers 1
2023 Caamafio etal® | TC,HDL,LDL,TG | 321 Others I - No: All Table 3
Querentaro, Mexico
American-
2023 Dong et al.2? TG, HDL, LDL 147 | Indian/Alaska-Native No: All Table 3
youth in urban
California
TC, LDL, HDL.
2024 Bozdemir et al.3! | Dyslipidemia diagnosis | 175 Adults in Turkey No Table 2
by labs and physician
EHR: Dyslipidemia as
ither high TC level
2025 Valerio ctal 3 |Citherhigh TClevelsor) =00 o linical Coort No Table 2

use of lipid-lowering
medications

Table S7. Examples of studies published since 2020 with data exploring the association between
FIS and objectively measured dyslipidemia indicators. Unless otherwise noted, measurements
were conducted by the study investigators. This table is part of a narrative review; studies were
not identified through a formal systematic review process.
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