














SMD in LDL levels between the food-secure and
food-insecure women50,54,55; synthesis of the results
yielded significantly lower LDL levels in food-inse-
cure patients compared with food-secure patients:
gLDL_Women = -0.24 [95% CI, -0.45, -0.02, n = 668,
Q(df=2) =3.1, I2 = 55%]. As this corresponds to
unadjusted data, it is difficult to compare with the
results from Tayie and Zizza and Shariff et al.49,50

Discussion
In this systematic review and meta-analysis, we
found no association between FIS and dyslipidemia.
Synthesis of the available literature showed that
food-insecure adults did not have significantly ele-
vated nor decreased odds of qualifying for a dyslipi-
demia diagnosis, whether by elevated LDL, TC, or
TG, or a decreased HDL. There are several possi-
ble explanations for the nonassociation observed in
the synthesis of the current data.

First, counterbalancing, opposing effects may be
operating across the general population due to 2
major subsets of patients: 1 ingesting fewer calo-
ries11–13 and another consuming a poor-quality diet
with normal or increased calories.14,15 Given its
complexity, FIS may translate into differences in
diet and calorie intake, effects that may vary

significantly across different cultures, locations, and
individuals. As these studies did not measure the
calories or nutritional quality of the food ingested,
it is currently not possible to assess the impact of
these factors. Furthermore, there were very few
studies outside of the USA, and few studies present-
ing data on socioeconomic, racial, or ethnic sub-
groups. Therefore, it remains possible that
associations between FIS and lipid profiles might
be detected in future studies focusing on specific
subpopulations of patients.

Second, it is possible that the strengths (ie, effect
sizes) of the intermediate associations (ie, FIS to
diet quality, and diet quality to dyslipidemia) are
small and do not lead to an appreciable effect size
overall. The upper limits of the 95th confidence
intervals from the meta-analyses provide convinc-
ing evidence that the overall effect size is most
likely small. For example, the unadjusted effect size
for TC was (g = 0.02 [95% CI, -0.20, 0.24]); and an
effect size of 0.24 is small, especially when com-
pared with other FIS associations.31,81,82 Similarly,
upper limits from the covariate-adjusted ORs (ie,
ORTC = 1.00 [95% CI, 0.95, 1.05]) suggest weak
effects as well.

Finally, it is important to acknowledge that the
effect of FIS on serum lipids may be time dependent

Figure 8. Meta-analysis of adult studies investigating food insecurity and triglycerides levels. Hedges’ g, standar-

dized mean differences with a small size correction, were calculated from the primary data of the 5 studies.

Meta-analysis resulted in a nonsignificant effect: gTG = 0.02 [95% CI, -0.22, 0.27, n = 958, Q(df= 4) = 10.2, I2 =

61%].
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and thus may not have been captured in the cur-
rently available cross-sectional studies because the
patients studied had not experienced FIS for a long
enough duration to produce measurable changes in
serum lipid levels. Furthermore, our review identi-
fied few studies that focused (or performed subpo-
pulation analysis) on elderly populations, which may
have demonstrated a larger response. Admittedly,
our results may reflect a complex interplay of all of
the processes described above.

Unlike dyslipidemia studies that used lab meas-
urements, self-reports of previous diagnosis were
significantly associated with FIS. This finding is
similar to what has been previously reported by
Beltr�an et al for FIS and self-reported diabetes and
hypertension.78,83 It is currently unclear why food-
insecure patients are more likely to report such
chronic diagnoses, although 1 possibility is a com-
plex interaction between FIS, anxiety/depression,31

and the odds of self-reporting poor health.84

With respect to its clinical implications, our data
do not indicate an association between FIS and dys-
lipidemia and thus do not support routine lipid
screening of food-insecure individuals. However,
as more FIS-dyslipidemia studies focusing on dif-
ferent countries, races, ethnicities, or socioeco-
nomic groups emerge, such assessments may
subsequently be determined to be warranted.

This study has several important limitations. First,
the combined cross-sectional studies do not yield in-
formation on either causality or temporal relation-
ships between FIS and lipid measurements. Second,
our subgroup analyses were greatly limited by the
availability of demographic-specific data on FIS and
dyslipidemia. Not only were the studies limited to a
few countries, there was very little data to explore by
meta-analysis how the association occurs in children,
across genders, across races/ethnicities, and for
seniors. Third, the small number of studies do not
allow satisfactory exploration of publication bias.
Although no funnel asymmetry test was significant, it
is important to note that the statistical power of these
tests is small for the number of studies reviewed.

Conclusions
Currently, the available published data do not sup-
port an association between FIS and dyslipidemia.
This literature, however, would be further strength-
ened by prospective and more higher-quality retro-
spective cohort studies; studies targeting important

populations such as children, women, minorities,
seniors, and patients with diabetes; investigations of
populations beyond those of the USA, Malaysia,
and Iran; and studies incorporating covariates such
as calorie intake or diet quality as well as BMI.

The authors thank Whitney Orji for useful discussions of the
manuscript.

To see this article online, please go to: http://jabfm.org/content/
35/4/656.full.
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APPENDIX

Note: References cited below are those of the 32 studies that were the basis of this systematic review and
meta-analysis. Please note that the numbering of these studies in the references for the appendix does
not correspond to their numbering in the references for the main manuscript.

Figure 1. Flow chart displaying the study selection process.

Figure 2. Meta-analysis of adult studies (n = 9,212) investigating increased odds of self-reported dyslipi-
demia for food insecure patients. Synthesis of the three studies resulted in a significant combined odds
ratio of 1.15 [95%CI: 1.08–1.22, n = 9212, Q (df = 2) = 2.2, I2 = 10%].
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Table 1. Adult studies (n = 22,746) with sufficient data to retrieve or calculate the odds ratio for food
insecurity and elevated LDL

Study Patients Study Size Criteria Results Covariates

Dixon20011

USA. NHANES 1988-
1994. Adults. General 

population. 
6,475 

LDL > 160 
mg/dL 

AOR = 0.73 [0.23, 2.32].  
Table 6. 

Age, race, income, region 
of USA, smoking, alcohol. 

USA. NHANES 1988-
1994. Seniors. General 

population. 
3,690 AOR = 1.00 [0.27, 3.71]. 

 Table 6. 

Combined 10,165 AOR = 0.84 [0.35, 1.99].

Tayie20092

USA. NHANES 1999-
2002. Women. 2,977 

LDL > 130 
mg/dL 

AOR = 1.51 [1.02, 2.24].
*,$$: Table 4.

Age, education, income, 
physical activity, 

race/ethnicity, smoking. 

USA. NHANES 1999-
2002. Men. 2,572 

AOR = 0.93 [0.58, 1.51].
 *,$$: Table 4. 

Combined 5,549 AOR = 1.21 [0.75, 1.94]. 

Shariff20143 Malaysia. 
 Low-income women.

625 LDL > 130 
mg/dL 

AOR = 0.745 [0.42, 1.32].  
Table 4. 

Adjusted for age, ethnicity, 
urban/rural strata, 

education, employment 
and income per capita.

Berkowitz20154 USA. Boston.  
General population. 411 LDL > 100 

mg/dL 
AOR = 1.49 [1.13, 1.97].  

Table 4. 

Age, gender, 
race/ethnicity, education, 
insurance, health literacy, 
survey language, nativity, 
blood pressure medication 

use, and 
clustering by clinic.

Moreno20155 USA. California. 
Hispanics with diabetes. 250 LDL > 100 

mg/dL^ 
AOR = 1.33 [0.60, 2.94]. 

^: Table 3 

Age, gender, yearly 
household income, 

education, insurance 
coverage, general health 
status, number of doctor 

visits in the last 12 
months, insulin use, and 
years with diabetes, BMI.

*: Calculated by authors from primary data
$$: Data from different FIS levels was combined with RE model
^: Inverted AOR from low LDL to high LDL

Excluded studies:

Berkowitz20136 USA. NHANES 1999-
2008. Diabetic patients. 2,557 LDL > 100 

mg/dL
AOR = 1.86 [1.01, 3.44].  

Table 2.

Age, gender, 
race/ethnicity, education, 

income, insurance, 
smoking, diabetes 

duration, statin use, BMI.

For studies with overlapping subjects, such as those from NHANES, we chose the study with the highest amount of 
subjects. The studies were still catalogued for their potential utility in subgroup analysis. 
The study by Ford et al.7 was not included in the meta-analyses due to unavailability of separate LDL measurement..
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Table 2. Adult studies (n = 1,143) with sufficient data to retrieve or calculate the standardized mean dif-
ference (Hedges’g) in LDL levels between food secure and food insecure patients

Study Patients Study Size Results

Shariff20143 Malaysia. 
Low-income Women. 293

g = -0.38 [-0.61, -0.14]. 
 * : Table 2.

Atiqah20158

Malaysia.
 General Population.  

Women.
109 g = 0.02 [-0.36, 0.41]. 

*: Table 3.

Malaysia. 
General Population. 

 Men.
15 

g = 0.22 [-1.05, 1.49].  
 *:Table 3.

Combined 124 g = 0.10 [-0.26, 0.45].
 *: Table 3.

Weigel20169 Ecuador.
 Low-income women. 269 g = -0.23 [-0.52, 0.06].

 *: Table 4.

Shalowitz201710 USA. Illinois.
 Diabetic patients. 336** g = 0.15 [-0.06, 0.37].

 *: Table 1.

Bermudez201911 USA. Hartford.
 Hispanics with diabetes. 121

g = 0.35 [-0.03, 0.74].
 Table 1.

*: Calculated from primary data by the authors
**: Baseline data of the cohort

Excluded studies:

Dixon20011

USA. NHANES 1988-1994. 
Adults.

6,475 Table 5.

USA. NHANES 1988-1994. 
Seniors. 3,690 Table 5.

Combined 10,165

Smalls201512 USA. Veterans with T2DM. 411 

The study by Dixon et al. was not included in the Hedges g meta analysis due to inability to obtain standard deviation 
for all groups. The study by Smalls et al. was not added due to lack of primary data to obtain an odds ratio with 
confidence intervals. 
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Table 3. Adult studies (n = 28,557) with sufficient data to retrieve or calculate the odds ratio for food
insecurity and decreased HDL

Study Patients Study Size Criteria Results Covariates

Dixon20011

USA. NHANES 1988-1994. 
Adults. General population. 6,475 

HDL < 35 
mg/dL 

AOR = 0.97 [0.49, 1.90]. 
Table 6.

Age, race, income, 
region of USA, 

smoking, alcohol. 

USA. NHANES 1988-1994. 
Seniors. General 

population.
3,690 AOR = 1.46 [0.64, 3.35]. 

Table 6.

Combined 10,165 AOR = 1.14 [0.68, 1.92].

Weigel200713 USA 
El Paso, TX. 2003. 100

HDL < 40 
mg/dL 

(males); 
HDL < 50 

mg/dL 
(females)

AOR = 1.32 [0.67, 2.60]. 
 *,$$: Table 3.

Age, sex, education, 
US residence time, 

children living in 
household.

Tayie20092

USA. NHANES 1999-2002. 
Women. 2,977

HDL < 50 
mg/dL

AOR = 0.84 [0.61, 1.16].
 *,$$: Table 4.

Age, education, 
income, physical 

activity, race/ethnicity, 
smoking 

USA. NHANES 1999-2002. 
Men. 2,572 HDL < 40 

mg/dL
AOR = 1.04 [0.79, 1.38].

 *,$$: Table 4.

Combined. 5,549 N/A AOR = 0.95 [0.77, 1.17]. 

Ford20137 USA. NHANES 2003-2008. 
General population. 10,455

HDL < 40 
(males); 

HDL < 50 
(females)

ARR = 1.02 [0.97, 1.07].  
*,$$: Table 2.

Age, sex, race, 
educational status, 
health insurance, 

alcohol use.

Shariff20143 Malaysia.  
Low-income women. 625

HDL< 50 
mg/dL

AOR = 0.91 [0.54, 1.55]. 
Table 4.

Adjusted for age, 
ethnicity, urban/rural 

strata, education, 
employment and 

income per capita.

Shin201514

USA. Wisconsin.  
SHW 2008-2011. Men. 865 HDL < 40 

mg/dL
AOR = 1.10 [0.68, 1.80]. 

Table 4.

Age, race, education, 
smoking, alcohol, 

obesity, BMI. 
USA. Wisconsin.  

SHW 2008-2011. Women.
798 HDL < 50 

mg/dL
AOR = 2.04 [1.15, 3.64]. 

Table 4.

Combined 1,663 N/A AOR = 1.47 [0.80, 2.69].

*: Calculated by authors from primary data
$$: Results from different FIS levels combined by RE model
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Excluded studies:

Shiue201615
USA. 

NHANES 
2003-2004.

4,924 HDL < 20 or 
> 85

AOR = 0.89 [0.61, 1.31]. 
Table 2.

Age, sex, education, 
ethnicity, family income.

Murillo201816

Mexico.
Women in 
fisheries 

communities. 

116 

Vercammenn201917
USA. 

NHANES 
2007-2014. 

13,518 

Weigel201918
USA.

El Paso, TX: 
2015

75 

Shiue 2015 was not included in the meta-analysis due to overlapping data. For studies with overlapping subjects, 
such as those from NHANES, we chose the study with the highest number of subjects. The studies were still 
catalogued for their potential utility in subgroup analysis. The study by Murillo et al.16 and Vercamenn et al.17 were not

added to the meta analyses due to lack of primary data to calculate either OR or Hedges g. The study by Weigel et 

al.18 was not added due to inability to separate various lipid measurements.
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Table 4. Adult studies (n = 7,096) with sufficient data to retrieve or calculate the standardized mean dif-
ference (Hedges’g) in HDL levels between food secure and food insecure patients

Study Patients Study Size Results

Parker201019 USA. NHANES 1999-2006. 
General population. 6,138 g = -0.01 [-0.07, 0.05]

 *,$$: Table 1.

Shariff20143 Malaysia.
 Low-income Women. 293

g = -0.10 [-0.33, 0.13].
 *: Table 2.

Atiqah20158

Malaysia. 
General Population. 

Women.
109 g = 0.14 [-0.25, 0.53]. 

 *: Table 3.

Malaysia. 
General Population. Men.

15 g = -0.24 [-1.51, 1.03].
 *: Table 3.

Combined 124 g = 0.05 [-0.31, 0.40].
 *: Table 3.

Weigel20169 Ecuador. 
Low-income women. 269 g = -0.06 [-0.35, 0.23]. 

*:Table 4.

Faramarzi201920 Iran.
Azar cohort 2014-2017. 151 g = -0.30 [-0.91, 0.32].

*: Table 4.

Bermudez201911 USA. Hartford.
 Hispanics with diabetes.

121 g = 0.23 [-0.15, 0.61].
 *: Table 1.

*: Calculated by authors from the primary data
$$: FIS levels merged by means and pooled-SD 

Excluded studies: 

Dixon20011

USA. NHANES 1988-1994. 
Adults. 6,475 Table 5.

USA. NHANES 1988-1994. 
Seniors. 3,690 Table 5.

Combined 10,165

The study by Dixon et al. was not included in the Hedges g meta analysis due to inability to obtain standard deviation 
for all groups.
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Table 5. Adult studies (n = 28,225) with sufficient data to retrieve or calculate the odds ratio for food
insecurity and elevated total cholesterol

Study Patients Study Size Criteria Results Covariates

Dixon20011

USA. NHANES 1988-1994. Adults. 
General population. 6,475 

TC >/= 
6.21 

mmol/L 

AOR = 0.80 [0.42, 1.50]. 
Table 6.

Age, race, income, 
region of USA, 

smoking, alcohol. 
USA. NHANES 1988-1994. Seniors. 

General population. 3,690 
AOR = 0.67 [0.33, 1.36]. 

Table 6.

Combined 10,165 AOR = 0.74 [0.46, 1.19].

Weigel200713 USA:
 El Paso, TX. 2003. 100 TC>200 

mg/dL
AOR = 0.68 [0.32, 1.44] 

*,$$: Table 3.

Age, sex, education, 
US residence time, 

children living in 
household.

Tayie20092

USA. NHANES 1999-2002. Women. 2,977

TC >/= 240 
mg/dL 

AOR = 1.02 [0.67, 1.57].
 *,$$: Table 4. Age, education, 

income, physical 
activity, 

race/ethnicity, 
smoking. 

USA. NHANES 1999-2002. Men. 2,572 AOR = 1.03 [0.70, 1.52].
 *,$$: Table 4. 

Combined 5,549 AOR = 1.03 [0.77, 1.37].

Ford20137 USA. NHANES 2003-2008. General 
population. 10,455

TC >/= 200 
mg/dL or 

use of 
cholesterol
-lowering 

meds

ARR = 1.01 [0.96, 1.07]. 
*,$$: Table 2.

Age, sex, race, 
educational status, 
health insurance, 

alcohol use.

Shariff20143 Malaysia. 
 Low-income women. 293

TC >/= 
5.17 

mmol/L

AOR = 0.84 [0.48, 1.49]. 
Table 4.

Adjusted for age, 
ethnicity, urban/rural 

strata, education, 
employment and 

income per capita.

Shin201514

USA. Wisconsin. SHW 2008-2011. 
Men. 865

TC >/= 240 
mg/dL 

AOR = 0.95 [0.56, 1.62]. 
Table 4.

Age, race, education, 
smoking, alcohol, 

BMI. 
USA. Wisconsin. SHW 2008-2011. 

Women. 798 AOR = 0.57 [0.31, 1.02]. 
Table 4.

Combined 1,663 AOR = 0.75 [0.45, 1.24]

*: Calculated by authors from primary data
$$: Results from different FIS levels combined by RE model 

Excluded studies:

Shiue201615 USA. NHANES 2003-
2004. 4,924 TC < 140 or > 

400
AOR = 1.26 [0.82, 1.93] 

Table 2
Age, sex, education, 

ethnicity,

For studies with overlapping subjects, such as those from NHANES, we chose the study with the highest amount of 
subjects. The studies were still catalogued for their potential utility in subgroup analysis.
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Table 6. Adult studies (n = 1,614) with sufficient data to retrieve or calculate the standardized mean dif-
ference (Hedges’g) in total cholesterol levels between food secure and food insecure patients

Study Patients Study Size Results

Holben200621

USA
 Rural Ohio.  

Men.
285

g = -0.12 [-0.42, 0.17].
 *: Table 5.

USA
 Rural Ohio. 

Women.
522 g = -0.05 [-0.25, 0.14]. 

*: Table 5.

Combined 807 g = -0.03 [-0.19, 0.14]. 
*: Table 5.

Shariff20143 Malaysia.
Low-income Women.

293 g = -0.23 [-0.46, 0.00].
*: Table 2.

Atiqah20158

Malaysia.
General Population. Women. 15 g = 0.06 [-0.33, 0.45].

* :Table 3.

Malaysia.
 General Population. Men. 109 g = 0.14 [-1.13, 1.41].

 *: Table 3.

Combined 124 g = 0.09 [-0.26, 0.45].
 *: Table 3.

Weigel20169 Ecuador. Low-income women. 269 g = -0.14 [-0.43, 0.15].
 *: Table 4.

Bermudez201911 USA. Hartford. 
Hispanics with diabetes. 121

g = 0.58 [0.19, 0.97].
 *: Table 1

*: Calculated by authors from the primary data

Excluded studies:

Dixon20011

USA.  
NHANES 1988-1994.  

Adults.
6,475 Table 5.

USA.
 NHANES 1988-1994. 

 Seniors.
3,690 Table 5.

Combined 10,165

The study by Dixon et al. was not included in the Hedges g meta-analysis due to inability to obtain standard deviation 
for all groups.
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Table 7. Adult studies (n = 16,107) with sufficient data to retrieve or calculate the odds ratio for food
insecurity and elevated triglycerides

Study Patients Study Size Criteria Results Covariates

Dixon20011

USA. NHANES 1988-
1994. Adults. General 

population.
6,475 

TG>/= 2.26 
mmol/L 

AOR = 1.82 [0.80, 4.18]. 
Table 6.

Age, race, income, region 
of USA, smoking, 

alcohol. 

USA. NHANES 1988-
1994. Seniors. General 

population.
3,690 AOR = 1.11 [0.19, 6.45]. 

Table 6.

Combined 10,165 AOR = 1.66 [0.79, 3.52].

Weigel200713 USA: El Paso, TX. 
2003. 100 TG>150 

mg/dL
AOR = 1.46 [0.74, 2.85]. 

*,$$: Table 3.

Age, sex, education, US 
residence time, children 

living in household.

Tayie20092

USA. NHANES 1999-
2002. Women. 2977

TG>= 150 
mg/dL 

AOR = 1.38 [0.88, 2.16].
*,$$: Table 4. 

Age, education, income, 
physical activity, 

race/ethnicity, smoking 

USA. NHANES 1999-
2002. Men. 2572

AOR = 0.76 [0.49, 1.18] *:  
*,$$: Table 4.

Combined 5,549 AOR = 1.02 [0.57, 1.83].

Shariff20143 Malaysia.  
Low-income women. 293

TG > 150 
mg/dL

AOR = 0.72 [0.36, 1.45]. 
Table 4.

Adjusted for age, 
ethnicity, urban/rural 

strata, education, 
employment and income 

per capita.

*: Calculated by authors from primary data
$$: Results from different FIS levels combined by RE model
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Table 8. Adult studies (n = 958) with sufficient data to retrieve or calculate the standardized mean differ-
ence (Hedges’g) in triglyceride levels between food secure and food insecure patients

Study Patients Study Size Results

Shariff20143 Malaysia.
Low-income Women. 293 g = -0.20 [-0.43, 0.03]. 

*: Table 2.

Atiqah20158

Malaysia. 
General Population.  

Women.
15 g = -0.28 [-0.67, 0.10]. 

*: Table 3.

Malaysia. 
General Population.  

Men.
109 g = 0.35 [-0.92, 1.62]. 

 *: Table 3.

Combined 124 g = -0.16 [-0.52, 0.19]. 
*: Table 3.

Weigel20169 Ecuador. 
Low-income women. 269 g = 0.25 [-0.04, 0.54].

 *: Table 4.

Faramarzi201920 Iran. 
Azar cohort 2014-2017 151 g = -0.16 [-0.77, 0.46]. 

*: Table 4.

Bermudez201911 USA. Hartford.
 Hispanics with diabetes. 121

g = 0.37 [-0.02, 0.75].
 *: Table 1.

Excluded studies:

Dixon20011

USA.  
NHANES 1988-1994.  

Adults.
6,475 Table 5.

USA.
 NHANES 1988-1994. 

 Seniors.
3,690 Table 5.

Combined 10,165

The study by Dixon et al. was not included in the Hedges g meta-analysis due to inability to obtain standard deviation 
for all groups.

Parker201019 USA. NHANES 1999-2006. 
General population. 6,138 Table 1 
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Table 9. Pediatric studies with sufficient data to retrieve or calculate the standardized mean difference
(Hedges’g) in lipid levels between food secure and food insecure patients

Lipid Study Patients Study 
Size Results

LDL Landry201822 USA. Los Angeles, CA.
Hispanics. 99 g = 0.16 [-0.24, 0.56].

*: Table3

HDL

Landry201822 USA. Los Angeles, CA.
Hispanics. 99

g = 0.22 [-0.18, 0.62].
*: Table3

Parker201019
USA. 

NHANES 1999-2006. 
 General population.

3,126
g = -0.02 [-0.09, 0.06]. 

*,$$: Table 1

TC Landry201822 USA. Los Angeles, CA. 
Hispanics. 99

g = 0.29 [-0.12, 0.69].
 *: Table3

TG 

Landry201822 USA. Los Angeles, CA.
 Hispanics. 99 g = 0.31 [-0.09, 0.72].

 *,$$: Table1

Parker201019
USA. 

NHANES 1999-2006.  
General population.

3,126 g = 0.31 [-0.09, 0.72]. 
 *: Table 3

*: Calculated by authors from primary data
$$: FIS levels combined by mean and pooled-SD 

Excluded studies:

The study by Mahmoodi et al.23 did not separate pediatric and adult data. The study by Lee et al.24 contained 
overlapping NHANES data. 
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Table 10. Pediatric studies with sufficient data to retrieve or calculate the odds ratio for dyslipidemias
between food secure and food insecure patients. There were not sufficient data to synthesize for a spe-
cific dyslipidemia (i.e. high LDL, or low HDL)

Lipids Study Patients Study 
Size Criteria Results Covariates

LDL Tester201625 USA. NHANES 
2003-2010. 1,072

LDL > 110 
mg/dL

AOR = 0.84 [0.58, 1.20]. 
 *,$$: Table 3

Age, sex, race, 
marital status, 

education, 
adiposity.

HDL

Tester201625

USA. NHANES 
2003-2010. 
Females.

514

HDL < 40 
mg/dL 

AOR = 0.84 [0.58, 1.20]. 
 *, $$: Table 3

Age, sex, race, 
marital status, 

education, 
adiposity. 

USA. NHANES 
2003-2010. Males. 558 AOR = 0.88 [0.50, 1.54].

 *,$$ Table 3

Combined 1,072 AOR = 0.85 [0.63, 1.16]

Holben201526 USA. NHANES 
1999-2006. 7,435 HDL < 40 

mg/dL
AOR = 1.35 [1.15, 1.58.]

 *,$$: Table 3
Age, race/ethnicity, 

sex.

TC Tester201625
USA. NHANES 

2003-2010. 
Females.

1,072 TC > 170 
mg/dL

AOR = 0.79 [0.59, 1.06]. 
 *,$$: Table 3

Age, sex, race, 
marital status, 

education, 
adiposity.

TG 
Tester201625 USA. NHANES 

2003-2010. 1,072
TG > 90 
mg/dL

AOR = 1.50 [1.11, 2.04]. 
 *,$$: Table 3

Age, sex, race, 
marital status, 

education, 
adiposity.

Holben201526 USA. NHANES 
1999-2006. 7,435

TG > 150 
mg/dL

AOR = 1.33 [0.98, 1.80].
*,$$: Table 3

Age, race/ethnicity, 
sex.

*: Calculated by authors from primary data
$$: FIS levels combined by RE model
#: Combined by RE model

Table 11. Adult studies with self-reported or chart review methodology

Study Patients Methodology Study Size

Gibson 201927 Adults with diabetes. Self-reported 3433 

Sattler 201428 GA senior adults w D2M. Self-reported 243 

Stuff200829 Mississippi Adults. Self-reported 1457 

Fernandes201830 Portugal Seniors > 65 yrs 
old. Self-reported 1,885 

Mendy201831 Mississippi Adults. Self-reported 5870 

Bahadur201832
USA. New Jersey. 

Children Chart review 486

doi: 10.3122/jabfm.2022.04.210413 Food Insecurity and Dyslipidemia E12

 on 23 F
ebruary 2024 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2022.04.210413 on 27 July 2022. D

ow
nloaded from

 

http://www.jabfm.org/


REFERENCES

1. Dixon, L. B., Winkleby, M. A. & Radimer, K. L. Dietary intakes and serum nutrients differ between 
adults from food-insufficient and food-sufficient families: Third National Health and Nutrition 
Examination Survey, 1988–1994. The Journal of nutrition 131, 1232–1246 (2001).

2. Tayie, F. A. & Zizza, C. A. Food insecurity and dyslipidemia among adults in the United States. 
Preventive medicine 48, 480–485 (2009).

3. Shariff, Z. M. et al. Food insecurity and the metabolic syndrome among women from low income 
communities in Malaysia. Asia Pacific journal of clinical nutrition 23, 138 (2014).

4. Berkowitz, S. A. et al. Material need insecurities, diabetes control, and care utilization: Results 
from the Measuring Economic iNsecurity in Diabetes (MEND) study. JAMA internal medicine 175, 
257 (2015).

5. Moreno, G. et al. Latinos with diabetes and food insecurity in an agricultural community. Medical 
care 53, 423 (2015).

6. Berkowitz, S. A., Baggett, T. P., Wexler, D. J., Huskey, K. W. & Wee, C. C. Food insecurity and 
metabolic control among US adults with diabetes. Diabetes care 36, 3093–3099 (2013).

7. Ford, E. S. Food security and cardiovascular disease risk among adults in the United States: 
findings from the National Health and Nutrition Examination Survey, 2003-2008. Preventing 
chronic disease 10, E202–E202 (2013).

8. Atiqah, A. N., Norazmir, M. N., Anuar, M. K., Fahmi, M. M. & Norazlanshah, H. Food security 
status: It’s association with inflammatory marker and lipid profile among young adult. International 
Food Research Journal 22, 1855 (2015).

9. Weigel, M. M., Armijos, R. X., Racines, M., Cevallos, W. & Castro, N. P. Association of household 
food insecurity with the mental and physical health of low-income urban Ecuadorian women with 
children. Journal of environmental and public health 2016, (2016).

10. Shalowitz, M. U. et al. Food security is related to adult type 2 diabetes control over time in a 
United States safety net primary care clinic population. Nutrition & diabetes 7, e277–e277 (2017).

11. Bermúdez-Millán, A. et al. Inflammation and Stress Biomarkers Mediate the Association between 
Household Food Insecurity and Insulin Resistance among Latinos with Type 2 Diabetes. The 
Journal of nutrition 149, 982–988 (2019).

12. Smalls, B. L., Gregory, C. M., Zoller, J. S. & Egede, L. E. Assessing the relationship between 
neighborhood factors and diabetes related health outcomes and self-care behaviors. BMC health 
services research 15, 1–11 (2015).

13. Weigel, M. M., Armijos, R. X., Hall, Y. P., Ramirez, Y. & Orozco, R. The household food insecurity 
and health outcomes of US–Mexico border migrant and seasonal farmworkers. Journal of 
Immigrant and Minority Health 9, 157–169 (2007).

14. Shin, J.-I., Bautista, L. E., Walsh, M. C., Malecki, K. C. & Nieto, F. J. Food insecurity and 
dyslipidemia in a representative population-based sample in the US. Preventive medicine 77, 
186–190 (2015).

15. Shiue, I. People with diabetes, respiratory, liver or mental disorders, higher urinary antimony, 
bisphenol A, or pesticides had higher food insecurity: USA NHANES, 2005–2006. Environmental 
Science and Pollution Research 23, 198–205 (2016).

16. Murillo-Castillo, K. D. et al. Food insecurity was associated with low quality diet and low HDL level 
in mothers of Northwest Mexico relying on fisheries for livelihood. Nutr Hosp 35, 1379–1386 
(2018).

17. Vercammen, K. A. et al. Food security and 10-year cardiovascular disease risk among US adults. 
American journal of preventive medicine 56, 689–697 (2019).

E13 JABFM July–August 2022 Vol. 35 No. 4 http://www.jabfm.org

 on 23 F
ebruary 2024 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2022.04.210413 on 27 July 2022. D

ow
nloaded from

 

http://www.jabfm.org/


18. Weigel, M. M. & Armijos, R. X. Food insecurity, Cardiometabolic health, and health care in US-
Mexico border immigrant adults: An exploratory study. Journal of immigrant and minority health
21, 1085–1094 (2019).

19. Parker, E. D., Widome, R., Nettleton, J. A. & Pereira, M. A. Food security and metabolic 
syndrome in US adults and adolescents: findings from the National Health and Nutrition 
Examination Survey, 1999–2006. Annals of epidemiology 20, 364–370 (2010).

20. Faramarzi, E. et al. Association between food insecurity and metabolic syndrome in North West 
of Iran: Azar Cohort study. Journal of Cardiovascular and Thoracic Research 11, 196 (2019).

21. Holben, D. H. & Pheley, A. M. Peer reviewed: Diabetes risk and obesity in food-insecure 
households in rural Appalachian Ohio. Preventing chronic disease 3, (2006).

22. Landry, M. J. et al. Impact of food security on glycemic control among low-income primarily 
Hispanic/Latino children in Los Angeles, California: A cross-sectional study. Journal of hunger & 
environmental nutrition (2018).

23. Mahmoodi, M. R., Najafipour, H., Mohsenpour, M. A. & Amiri, M. The relationship between food 
insecurity with cardiovascular risk markers and metabolic syndrome components in patients with 
diabetes: A population-based study from Kerman coronary artery disease risk study. Journal of 
research in medical sciences: the official journal of Isfahan University of Medical Sciences 22, 
(2017).

24. Lee, A. M., Scharf, R. J., Filipp, S. L., Gurka, M. J. & DeBoer, M. D. Food Insecurity Is Associated 
with Prediabetes Risk Among US Adolescents, NHANES 2003–2014. Metabolic syndrome and 
related disorders 17, 347–354 (2019).

25. Tester, J. M., Laraia, B. A., Leung, C. W. & Mietus-Snyder, M. L. Peer reviewed: Dyslipidemia 
and food security in low-income US adolescents: National health and nutrition examination 
survey, 2003–2010. Preventing Chronic Disease 13, (2016).

26. Holben, D. H. & Taylor, C. A. Food insecurity and its association with central obesity and other 
markers of metabolic syndrome among persons aged 12 to 18 years in the United States. J Am 
Osteopath Assoc 115, 536–43 (2015).

27. Gibson, D. M. Food Insecurity, Eye Care Receipt, and Diabetic Retinopathy Among US Adults 
with Diabetes: Implications for Primary Care. Journal of general internal medicine 34, 1700–1702 
(2019).

28. Sattler, E. L. P., Lee, J. S. & Bhargava, V. Food insecurity and medication adherence in low-
income older Medicare beneficiaries with type 2 diabetes. Journal of nutrition in gerontology and 
geriatrics 33, 401–417 (2014).

29. Stuff, J. E. et al. Household food insecurity and obesity, chronic disease, and chronic disease risk 
factors. Journal of hunger & environmental nutrition 1, 43–62 (2007).

30. Fernandes, S. G. et al. Food insecurity in older adults: Results from the epidemiology of chronic 
diseases cohort study 3. Frontiers in medicine 5, 203 (2018).

31. Mendy, V. L. et al. Food insecurity and cardiovascular disease risk factors among Mississippi 
adults. International journal of environmental research and public health 15, 2016 (2018).

32. Bahadur, K., Pai, S., Thoby, E. & Petrova, A. Frequency of food insecurity and associated health 
outcomes in pediatric patients at a federally qualified health center. Journal of community health
43, 896–900 (2018).

doi: 10.3122/jabfm.2022.04.210413 Food Insecurity and Dyslipidemia E14

 on 23 F
ebruary 2024 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2022.04.210413 on 27 July 2022. D

ow
nloaded from

 

http://www.jabfm.org/

