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ABSTRACT
Background: Epidemiologic observations suggest increased potato
consumption correlates with weight gain, adiposity, and diabetes
risk, whereas nut consumption is associated with weight control and
metabolic health. Randomized controlled trial (RCT) data indicate
humans respond to changes in energy intake in single dietary
components and compensate for extra energy consumed.
Objectives: We completed an RCT testing whether increased daily
potato consumption influences energy balance [specifically, fat mass
(FM)] compared with calorie-matched almond consumption.
Methods A 30-d RCT of 180 adults prescribed calorie-matched
(300 kcal/d, n = 60 participants/group) than consumed 1 of the fol-
lowing: 1) almonds (almond group), 2) French fries (potato group),
or 3) French fries with herb/spices mix (potato + herb/spices group).
Baseline and 30-d FM were measured by DXA (primary outcome),
with secondary outcomes including body weight and carbohydrate
metabolism markers [glycated hemoglobin (HbA1c), fasting blood
glucose and insulin, HOMA-IR)]. A subset of 5 participants/group
participated in a postprandial meal-based tolerance test.
Results: A total of 180 participants were randomly assigned [gender:
67.8% female; mean ± SD age: 30.4 ± 8.7 y; BMI (in kg/m2):
26.1 ± 4.2; and weight: 75.6 ± 15.4 kg], with 12 dropouts and
3 terminations. No significantly different FM changes were observed
between almond and potato consumption [combined ± herb/spices;
mean ± SE almond: 230.87 ± 114.01 g; potato: 123.73 ± 86.09 g;
P = 0.443], fasting glucose (P = 0.985), insulin (P = 0.082),
HOMA-IR (P = 0.080), or HbA1c (P = 0.269). Body weight
change was not significantly different in the potato groups combined
compared with the almond group (P = 0.116), but was significantly
different among the 3 groups (P = 0.014; almond: 0.49 ± 0.20 kg;
potato: –0.24 ± 0.20 kg; potato + herb/spices: 0.47 ± 0.21 kg).
In meal tests, significantly lower post-prandial glucose and insulin
responses to almonds compared with potatoes were observed
(P = 0.046, P = 0.006, respectively), with potato + herb/spices
having intermediate effects.
Conclusion: There were no significant differences in FM or
in glucoregulatory biomarkers after 30 d of potato consumption

compared with almonds. Results do not support a causal relation
between increased French fried potato consumption and the negative
health outcomes studied. This trial was registered at clinicaltrials.gov
as NCT03518515. Am J Clin Nutr 2022;115:1626–1636.

Keywords: carbohydrates, nuts, French fries, potato chips, adipose,
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Introduction
Although humans have consumed potatoes in a variety of

forms across cultures for millennia, their inclusion in human
diets has periodically been controversial since the introduction
of potatoes to Europe from the New World centuries ago
(1). The modern rise of obesity in Westernized cultures has
brought new scrutiny to the composition of diets, with potato
consumption noted as a correlate of weight gain and diabetes
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risk (2–5). Published observational studies have suggested that
increasing baseline potato consumption by 1 additional serving/d
is associated with an increase in body weight over a 4-y period.
This weight gain (positive energy balance) is proposed despite
the relatively small contribution of potatoes to mean daily energy
intake, where the change in average consumption of potatoes is
<1 full serving every 5 d for 95% of the population reported (3,
6).

Despite the known and admitted limitations of nonrandomized
evidence in nutrition research, a causative role for observed di-
etary associations—e.g., potato consumption and weight gain—
is at times accepted in the face of existing counterevidence or
presumed true even absent any probative study (7). Randomized
controlled trial (RCT) data indicate that healthy humans often
respond to changes in energy intake, including in single
components of the diet, compensating for extra energy consumed
(through dietary intake modification and/or energy expenditure
changes) (8). This compensation results in substantially less
change in body energy stores than would be predicted (8).
Considering this, observational data describing an association
may be valuable for developing hypotheses (as has been
described for potato consumption and weight gain), but invite the
use of randomized evidence to explicitly test for causation. The
importance of this testing is highlighted by the fact that RCTs
of specific nutrient interventions have often not only failed to
support the predicted hypothesis, but at times have countered the
predicted hypothesis in the opposite direction of effect (7, 9).

Perhaps this failure to validate observational findings in single
nutrient/food items in RCTs is not so surprising when considering
the biochemical complexity of the human diet. Whereas nutrition
research has focused at times on single food items, diets (and thus
nutrition) are inherently complex from a biochemical diversity
perspective.

Noncaloric, bioactive compounds are found in many plants,
including herb/spices that have been consumed in the human diet
for thousands of years and are often paired with carbohydrate-
rich root vegetables like potatoes (10–16). It is possible that herbs
and spices interact with dietary carbohydrates via carbohydrate
metabolism-modifying properties to delay ingestion and absorp-
tion, influencing glycemia and further enhancing the dietary fiber
and satiety signals of potato consumption (10–16).

To test the hypotheses raised by association studies related
to potato consumption and energy balance, we performed an
RCT. We tested the hypothesis that there is no difference in
weight gain (specifically FM change) with increased daily potato
consumption (e.g., French fries) versus an isoenergetic (i.e.,
calorie-matched) portion of almonds, a food item with reported
benefits for weight and glycemia control (17–21), in a 30-d
RCT. We further asked whether a herb/spice mix consumed with
potatoes might have significant (positive) effects on glycemic
control.

Subjects and Methods

Randomized Controlled Trial

The study design followed an RCT with parallel random-
ization. Study participants were recruited from the University
of Alabama at Birmingham (UAB) campus, the greater Birm-
ingham, Alabama area, and surrounding communities through

a combination of advertisements, including fliers and social
media. In total, 180 study participants were randomly assigned
to 1 of the 3 treatment groups using block random assignment
with block sizes of 12, using PROC PLAN in SAS 9.4.
Random assignments were sealed in numbered envelopes and
provided to the study coordinator to be opened after eligibility
verification and enrollment consent. Random assignment was
to a “study group” in which participants consumed 1 of the 3
foods (calorie matched) each day for a 30-d period as described
in the CONSORT diagram in Figure 1. The 3 arms included
∼300 kcal/d (Supplemental Table 1) from 1 of the 3 food
items: 1) nonpotato food [as the “control group,” in the form
of almonds, selected for comparison as a dietary component
considered for its “health food” status in regard to energy-
balance, body composition, and inherent low glycemic index
(17–21), Wonderful® almonds, roasted and salted], 2) standard
white potato French fries (potato group; Tater Pals®, Ovenable
Crinkle Cut Fries, Simplot Foods), 3) white potato French fries
with herb/spice mix [potato + herb/spice; a combination of
oregano, basil, garlic, onion, and rosemary provided with single-
use defined portion measures [approximately one teaspoon (5
cc) fixed amount per potato serving, Tater Pals® with herb/spice
mix provided]. Instructions were provided regarding storage and
preparation methods of food items for all participants. Food
items were provided in “single day” (300 kcal) portion sizes
weekly for the 30-d study, including frozen French fries and
room temperature almonds. The method of preparation and
timing of the daily consumption of the food items was left
up to the study participants. Compliance in consumption of
the food items was monitored by asking participants about
their consumption of the food items, with some participants
returning empty food packages and/or photographs thereof.
Participants were asked to incorporate the specific food item into
their normal daily diet with no other instruction or request for
other dietary modification. Due to the differences in food items
(visual, olfactory, gustatory), blinding was limited to assessors
for outcome collection and analyses (e.g., research staff such as
technician and phlebotomist).

Ethics

The Human Subjects Protocol was approved by the UAB
Institutional Review Board and performed in accordance with
ethical standards of responsible research and conduct. This trial
was registered at clinicaltrials.gov as NCT03518515.

Study eligibility

Participation in the study was dependent on meeting pre-
defined criteria determined during screening by the study
coordinator. These eligibility criteria were initially assessed
during a phone interview and were verified during the in-person
screening. Participation criteria are provided in Table 1.

Body composition

Body composition (total FM, fat-free mass, and total lean
mass) was determined by DXA with assistance from the
Diabetes Research Center and Nutrition Obesity Research Center
Metabolism Core. Change (�) in total “body fat” mass served as
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FIGURE 1 Study diagram. CONSORT flow diagram of study progress through the phases of the randomized controlled trial.

the primary outcome and was determined by participant scans at
baseline and after 30-d study completion (22, 23).

Body weight

Body weight was determined at baseline and at study
completion along with height for calculating individual subject
BMI (in kg/m2), with change (�) in body weight (30-d treatment
minus baseline) calculated from the collected values for analysis.

Fasting blood chemistries

Blood collection was performed at baseline and at study
completion by trained research nursing personnel at the Clinical
Research Unit, and blood was analyzed for factors related
to glucose metabolism, including blood glucose, insulin, and
glycated hemoglobin (HbA1c). Fasting glucose and fasting
insulin were used to estimate insulin sensitivity relative to the
general population using the HOMA-IR (24).
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TABLE 1 Study participant eligibility criteria

Inclusion criteria Exclusion criteria

Gender: any Nut or food allergy
Age: 18–50 y Diabetes, type 1 or type 2
Ethnicity: any History of bariatric surgery
BMI (kg/m2): 20–35 Pregnancy, anticipating pregnancy or lactation
Diet: no dietary prohibitions/allergies Consumes >1 serving of potatoes daily before enrollment
Weight stable Weight loss or gain >5% within past 6 mo

Medical conditions or medications that would prevent the ability to comply
with treatment assignment and/or affect energy balance

Meal-based tolerance test

More specific effects of the assigned treatment contributions
to glucose dynamics were assessed using a meal-based tolerance
test (MBTT) in a random subset of 5 participants in each group at
the end of the 30-d study. Eight participants in each group were
randomized for MBTT in the creation of the treatment allocation
schedule, where the first 5 of 8 to schedule the follow-up visit
completed the MBTT. Participants were required to fast for 12 h
before the day of testing. At time “zero,” participants were asked
to consume the assigned treatment food they had consumed over
the last 30 d, and intake was completed within 15 min of meal
initiation. Blood samples were collected at baseline (time point
0, 2 samples) and at 15, 30, 45, 60, 90, and 120 min. Sera was
processed and stored at –85◦C until analyzed. Samples were
measured for glucose, insulin, and c-peptide (TOSOH Bioscience
AIA900) with assistance from the DRC Human Physiology Core
as previously described (24).

Power and sample size calculations

To determine group sample size for the primary study
outcome (body fat), estimates based on published association
relations of potato consumption and body weight gain (3) were
used along with weight-gain prediction models (25), with the
assumption of no compensation of assigned treatment energy
content (∼300 kcal/d) and variance observed with the feeding
study regarding body fat and weight change (SD: 0.9–1.8) (8, 22,
26). A sample size of n = 50/treatment was determined to provide
sufficient power (0.8) to determine a moderate effect size (d:
0.57) with significant difference (α: 0.05; 2-tailed) of ∼0.67 kg
(SD: 1.18) change in total body FM. A 20% increase in sample
size (n = 60/group; n = 180 total) was recruited to accommodate
potential study dropout.

Statistical analysis

Descriptive statistics for baseline characteristics are provided
for study participants. Study data from baseline and 30-d
completion were used to calculate “change” values for individual
outcomes of interest. Data were analyzed with 1-way ANCOVA
on changes from baseline with preselected characteristics [base-
line pre-randomization age, gender (self-reported), and BMI
(or FM) as covariates]. Analyses were performed once with
the 2 potato groups combined and once across all 3 groups.
Assumptions of normality and homoscedasticity of residuals
were evaluated and satisfied by visual inspection of the residual
plots (QQ-plots and residuals compared with predicted values)

and measures of skewness and SDs (27, 28). The assumption
of homogeneity of slopes in ANCOVA was evaluated with
significance tests of interaction terms between covariates and
group, where a significant interaction between group and baseline
BMI was identified for total FM and is described below. All
statistical analyses were performed with 2-tailed tests with
0.05 α level to determine statistical significance. P values are
unadjusted for the multiple analyses performed such that the
chance of a type I error across all results is > 0.05 overall.
Following an omnibus F-test in the 3-group comparison, pairwise
testing between groups was performed with Tukey adjustment
[Tukey’s honestly significant difference test (HSD)] for multiple
comparisons to control the family-wise α level. Bayes factors
(BFs) were calculated for each model to measure the evidence of
the null hypothesis of no group effect, where BF >1 is evidence
for the null hypothesis, and BF <1 is evidence against the null
(29). Primary ANCOVA analyses included 165 participants who
completed the study. To test the robustness of our findings,
sensitivity analyses were performed as “intention to treat” (ITT)
analysis including all 180 randomly assigned participants, with
the use of ANCOVA and with missing data handled by multiple
imputation as well as linear mixed models on outcomes at each
time point (baseline/follow-up), where differences in changes
among groups were tested with group × time interactions.
Multiple-chain Markov chain Monte Carlo (MCMC) methods
were used for multiple imputation in SAS (v.9.4), where the
percentage of incomplete cases was used as the number of
imputed datasets (m = 9). Additional sensitivity analyses were
performed adjusting for baseline fat-free mass or lean mass in
addition to age, gender, and BMI.

Results

Study population

A total of 180 participants were successfully recruited and
randomly assigned to the study intervention groups. Descriptive
statistics are provided in Table 2, revealing the similarity of
baseline characteristics across the 3 study groups. There were
n = 12 study dropouts and n = 3 study protocol terminations
(due to Coronavirus Disease 2019–related suspension of research
study protocols, Figure 1), representing 8.3% of the total study
sample size, as shown in Table 2 (completers, Figure 1). All
participants completing the study returned for final measures
(n = 165), where each participant self-reported consumption
of the assigned group food items. However, detailed records of
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TABLE 2 Participant characteristics and baseline measures for randomized participants (n = 180)1

Almonds (n = 60) Potatoes (n = 60) Herb/spice mix (n = 60) Total (n = 180)

Age, y 30.48 ± 8.39 30.27 ± 9.58 30.30 ± 8.32 30.35 ± 8.74
Gender

Female 40 (66.67%) 40 (66.67%) 42 (70.00%) 122 (67.78%)
Male 20 (33.33%) 20 (33.33%) 18 (30.00%) 58 (32.22%)

Race2

White 30 (50.00%) 40 (66.67%) 35 (58.33%) 105 (58.33%)
Black 17 (28.33%) 12 (20.00%) 16 (26.67%) 45 (25.00%)
Asian 8 (13.33%) 2 (3.33%) 5 (8.33%) 15 (8.33%)
Hispanic 1 (1.67%) 0 (0.00%) 0 (0.00%) 1 (0.56%)
Other 4 (6.67%) 6 (10.00%) 4 (6.67%) 14 (7.78%)

BMI 25.71 ± 3.93 25.78 ± 3.85 26.83 ± 4.61 26.11 ± 4.15
Total FM, g 24326.08 ± 7835.04 24292.81 ± 9209.05 26591.88 ± 10081.22 25070.26 ± 9102.19
Total fat-free mass, g 49740.81 ± 11529.56 50833.33 ± 9900.57 49894.71 ± 11220.75 50156.28 ± 10856.23
Total lean mass, g 46980.11 ± 11029.42 48050.61 ± 9454.17 47157.04 ± 10704.95 47395.92 ± 10370.62
Weight, kg 74.39 ± 15.73 75.50 ± 14.10 76.78 ± 16.54 75.56 ± 15.44
Glucose, mg/dL 95.00 ± 7.19 97.08 ± 9.04 97.48 ± 8.77 96.52 ± 8.40
Insulin, uU/mL 10.97 ± 7.54 8.90 ± 6.23 9.83 ± 6.19 9.90 ± 6.70
HbA1c, % 5.18 ± 0.32 5.23 ± 0.33 5.20 ± 0.35 5.20 ± 0.33
HOMA-IR 2.64 ± 1.96 2.18 ± 1.68 2.43 ± 1.79 2.42 ± 1.81

1Values presented as means ± SDs or n (%) of patients unless otherwise indicated. HbA1c, glycated hemoglobin.
2Race as self-identified

daily or weekly consumption were not obtained for verification
of adherence.

Change in Body Composition (Total FM)

The primary outcome (change in total body FM) for both
potato groups (with and without herb/spices) was not signifi-
cantly different from that for the almond group (P = 0.443,
Table 3). Similarly, change in total FM was not significantly
different among the 3 treatment groups (Figure 2, Table 4), in-
cluding adjustment for age, gender, and baseline BMI (P = 0.375)
or baseline FM (P = 0.371). A BF value of 6.78 indicates
evidence in favor of the null hypothesis of no true differences
between groups. Sensitivity analyses also adjusting for baseline
fat-free mass or lean mass provided similar results (no significant
differences among the 3 treatment groups). Additionally, when
testing model assumptions for homogeneous slopes in ANCOVA
models, a significant interaction was identified with “group” by
“baseline BMI” on change in “total FM” (P = 0.025). Participants
with higher baseline BMI gained less weight in the potato group
than the other 2 groups. Additional analyses of change in body
composition outcomes from DXA, including fat-free mass and
lean mass, were similarly not significantly different with a 2-
group (almond compared with potato combined) assessment
(P = 0.564 and P = 0.572, respectively, Table 3) or among
the 3 groups (P = 0.156 and P = 0.154, respectively, Table 4).
Analyses with imputation for those n = 15 participants lost
to follow-up revealed a similar pattern of findings, namely, no
significant difference in change in total FM (Supplemental
Tables 2–5) or change in total fat free or lean mass within the
2-group comparison (Supplemental Tables 2 and 4), but a nearly
statistically significant result among the 3 group comparison
with mixed models (P = 0.060 and P = 0.057, respectively)
wherein the potato group was lower in fat free mass and lean mass
(Supplemental Table 5).

Change in body weight

Comparing between the potato (with and without herb/spices)
and almond groups revealed a nonsignificant difference in weight
gain, despite the small numeric value of weight change [0.49 kg
compared with 0.10 kg, respectively, P = 0.116, Table 3,
with imputation (Supplemental Table 2), and mixed models
(Supplemental Table 4)]. In contrast with body composition,
change in body weight was significantly different among the 3-
group assessment (P = 0.014), with the potato group losing a
significantly different amount of weight (–0.24 kg) than either
the almond group (+0.49 kg, Tukey P = 0.025 compared
with potato) or potato + herb/spices groups (+0.47 kg, Tukey
P = 0.035 compared with potato), respectively [Figure 3,
Table 4, with imputation (Supplemental Table 3), and mixed
models (Supplemental Table 5)].

Change in glucoregulatory biomarkers

Despite the observed small but significant difference in body
weight change among the groups, there were no significant
differences comparing potato with and without herb/spices with
almonds for fasting glucose: P = 0.985; insulin: P = 0.082;
or HbA1c: P = 0.269 (Table 3, Supplemental Tables 2
and 4). Similarly, there were no significant differences for
change in fasting glucose: P = 0.418; insulin: P = 0.217; or
HbA1c: P = 0.391, among the 3 treatment groups (Figure 4,
Table 4, Supplemental Tables 3 and 5). HOMA-IR was also not
significantly different between the almond and potato (combined)
groups (P = 0.080), nor among groups in the 3-group comparison
at the 0.05 level (Figure 4; Tables 3 and 4, Supplemental Tables
2–5).

Meal-based tolerance tests

Acute effects on postprandial responses to each group
treatment food item were examined on a randomly selected
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TABLE 3 ANCOVA comparing 2 groups, combining potatoes with and without herb/spice mix (n = 165)1

Almonds
(n = 58)

Potatoes2

(n = 107)
ANCOVA

P-value

Changes from baseline
Total FM, g 230.87 ± 114.01 123.73 ± 86.09 0.443
Total fat free mass, g 137.50 ± 155.00 27.94 ± 117.05 0.564
Total lean mass, g 140.64 ± 155.23 33.33 ± 117.22 0.572
Weight, kg 0.49 ± 0.20 0.10 ± 0.15 0.116
Glucose, mg/dL –0.44 ± 1.08 –0.42 ± 0.82 0.985
Insulin, uU/mL –1.17 ± 0.69 0.31 ± 0.52 0.082
HbA1c, % 0.03 ± 0.02 –0.005 ± 0.02 0.269
HOMA-IR –0.32 ± 0.19 0.09 ± 0.15 0.080

1Values presented as means ± SEs unless otherwise indicated. ANCOVA models on change scores among
groups were adjusted for age, gender, and baseline BMI; n = 165 who completed the trial. FM, fat mass; HbA1c,
glycated hemoglobin.

2Potatoes group combined with and without herb/spice mix.

subsample of the total group (n = 5/group of the n = 60
total). Despite there being no significant difference for change
in fasting values for glucose and insulin as noted above, the
postprandial response of mean “peak” glucose was significantly
different among groups (P = 0.014, Figure 5, Table 5), with the
120-min AUC for glucose being nearly statistically significant
(P = 0.054) in the 3-group analysis, with significant between-
group differences in the almond group compared with the potato
group with no herb/spices (Tukey P = 0.046, Table 5, Figure 5),
but no significant difference in AUC for the almond compared
with the potato + herb/spices group (Tukey P = 0.601). Both
peak and AUC values for insulin were significantly different
among groups (Table 5), with the almond group exhibiting a
lower postprandial response relative to the potato group which
did not include herb/spices (Tukey P = 0.007). C-peptide, a
marker of acute insulin secretion, was also significantly different

FIGURE 2 Change in total FM. Change in the primary outcome,
total FM (in grams), as measured by DXA between baseline and study
completion. Groups: almond—circles (n = 58); potato—squares (n = 55);
potato + herb/spices—triangles (n = 52). Individual data shown in each
diet treatment group. ANCOVA, adjusted for age, gender, and baseline BMI:
P = 0.375; adjusted for age, gender, and baseline FM: P = 0.371. FM, fat
mass.

among the 3 treatment groups for peak values, where almond
group was < potato group (Tukey P < 0.001) and almond group
was < potato + herb/spices group (Tukey P = 0.009) (Table 5).
The C-peptide AUC was also significantly lower for the almond
group relative to either potato group, with potato + herb/spices
exhibiting intermediate levels that were not significantly different
from the potato no herb/spices group (Table 5, Figure 5).

Discussion
Potatoes remain the most highly consumed vegetable in the

American diet and are a staple food providing nutrition to
many cultures throughout the world (6, 30). In addition to
complex carbohydrates, potatoes are a dietary source of multiple
micronutrients, providing as much or more fiber and potassium
(even on a per gram weight basis) than do other commonly
consumed vegetables (6, 30). Despite the multiple epidemiologic
studies associating dietary factors with health or disease risk that
have brought attention to both potatoes and almonds, most often
for their opposing relations to study outcomes, fewer randomized,
controlled studies have been performed to directly test hypotheses
regarding potential negative effects of potato consumption or
positive effects of nut consumption. Notwithstanding the general
agreement among prior observational studies, prospective RCTs
have not supported negative effects on cardiometabolic risk
factors related to potato consumption compared with other food
items (31, 32).

The results of the present study further support the homeostatic
response of humans to changes in dietary intake, which resulted
in a lack of significant difference in body-fat gain among
the groups. Similarly, the impact of the treatment assignments
on additional outcomes related to fasting blood biomarkers
of glucose homeostasis indicate that increasing the intake of
potatoes by 300 kcal/d is no better or worse than consuming
a caloric equivalent of nuts. The changes in body weight are
more nuanced in that the potato consumers (without herb/spices)
lost a small but statistically significant amount of body weight
(including lean or fat-free mass) relative to the almond consumer
group or the potato with herb/spices group. Although this change
in body weight was not hypothesized and is the opposite of the
predicted body-weight effects based on previous observations,
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FIGURE 3 Change in body weight. Change in the body weight (in kg)
measured between baseline and study completion. Groups: almond—circles
(n = 58); potato—squares (n = 55); potato + herb/spices—triangles (n = 52).
Individual data shown in each diet treatment group. ANCOVA adjusted for
age, gender, and baseline BMI: P = 0.014.

the lack of body weight gain suggests factors contributing to
energy balance were sufficient to compensate for the daily
increased intake of calories from the potatoes.

The results of the meal-based tolerance tests provide additional
insights to complement the standard pre-post measures of fasting
blood markers. Although these measures were from a small,
randomized subsample of the overall treatment groups, the
resulting outcomes on blood glucose, insulin, and C-peptide
highlight the potential importance for understanding study
outcomes. Differences in outcomes may result from acute meal
responses compared with the pre– and post–30-d measures
and the acute effects that components in herbs/spices may
have on postprandial glucose excursions. Findings from the
meal-based tolerance test raise additional questions regarding
the specific components within the herb/spices mix used as
contributing to the glycemia response, whether increasing the
amount of herb/spices per serving has additional effects and
whether interactions between the individual herbs/spices used
might be further enhanced (or suppressed) in the context of
ingredients used in dishes that included potatoes or other
carbohydrate-rich vegetables. Some of the most concentrated
dietary sources of noncaloric phytochemicals are the herbs and
spices broadly used in cuisine throughout history (33). Many
of these herbs/spices also possess polyphenols, for which some
have reported health benefits ranging from antioxidant to blood
pressure effects. Notably, subclasses of polyphenols possess
biophysical properties (α-glucosidase inhibition, with relevance
to carbohydrate digestion and absorption) resembling that of
the type 2 diabetes medication acarbose (34). Similar to other
food items, noncaloric biochemical compounds are also present
in types of potatoes (35, 36), with the complexity and number
of phytochemicals differing between varieties of potatoes, with
pigmented or colored potatoes (e.g., purple) containing high
levels of polyphenols (10). Future studies focusing on herb/spice–
derived phytochemicals at specific concentrations, singularly
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FIGURE 4 Change in glucoregulatory biomarkers. Change in fasting glucose (mg/dL) (A). Change in fasting insulin (uU/mL) (B). Change in HOMA-
IR (C). Change in HbA1c (%) as measured between baseline and study completion (D). Groups: almond—circles (n = 58); potato—squares (n = 55);
potato + herb/spices—triangles (n = 52). Individual data shown in each diet treatment group. ANCOVA adjusted for age, gender, and baseline BMI: glucose,
P = 0.418; insulin, P = 0.217; HbA1c, P = 0.391; HOMA-IR, P = 0.208. HbA1c, glycated hemoglobin.

or in combination and relative to the type or complexity of
carbohydrate consumed, will be necessary to assess any direct
role on carbohydrate metabolism.

The completed RCT was implemented as a free-living trial,
wherein participants were assigned to consume a daily caloric
amount of the particular food item. This setting contrasts with
an inpatient ward where greater control over the conditions
of the study participants is available and where compliance of
intake can be directly observed by study personnel (37). The
hypotheses regarding potato consumption and weight gain are
derived from observations of free-living, real-world conditions
and rely on self-reported food intake, in line with the trial
we have performed. Additionally, this experiment was not an
overfeeding study in which participants are assigned to eat a diet
containing their basal caloric requirements and then required to
eat additional calories in excess of their requirement from the
assigned food item. Study participants self-reported inclusion
of the additional experimental group food items in their daily
diets, and although adherence to their individual dietary standard
practices was requested, participants were not prohibited from

making voluntary changes in their complementary diet or activity
behaviors that could contribute to overall energy balance during
the study period. In contrast, the meal-based tests were performed
in a clinical setting and confined to the experimental group daily
assigned food items, preventing dietary compensation or variable
activity during the acute period of collected measures. Similarly,
the choice of a comparator group (control) in nutrition presents
multiple challenges such as macronutrient differences, caloric
density, and hedonic properties to name a few. In the present
study, 2 food items with disparate associations to health outcomes
were utilized, including the primary outcome of body fat and
multiple secondary outcomes.

Despite these specific study design choices that were more
likely to result in limitations compared with other potential design
elements, this study also has multiple strengths to consider.
In contrast with the observational reports, this RCT did not
focus on a subset of individuals who voluntarily increased their
daily consumption of potatoes, but rather randomly assigned
participants to an intervention of increased daily consumption
of potatoes or almonds. This design reduces issues related to
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FIGURE 5 Meal-based tolerance test. Glucose (mg/dL) (A). Insulin (uU/mL) (B). C-peptide (ng/mL) postprandial measures collected during a meal-
based tolerance test following consumption of the group-assigned food item (C). Groups: Almond—circles; potato—squares; potato + herb/spices—triangles;
(n = 5/treatment group; means ± SDs. ANCOVA adjusted for age, gender, and baseline BMI: AUC for glucose, P = 0.054; insulin, P = 0.008; C-peptide,
P = 0.001. AUC, area under the curve.

unknown confounding, multiple collinearities, multiple testing
with complex data, and other inherent design aspects from
epidemiological studies. Additionally, previous studies have
suggested that the specific form of potatoes consumed was less
important than the food item itself for overall significance in

association with health-related outcomes. We chose to utilize
the white potato in a “French fry” as an oven-ready, prepared
form for the current study, as it was a middle choice option
between the polar dietary forms of a simple baked potato
compared with potato chips. The differences in overall moisture

TABLE 5 Meal-based tolerance test: peak values and AUC1

Almonds
(n = 5)

Potatoes
(n = 5)

Herb/spice mix
(n = 5)

ANOVA
P-value

Almonds vs.
potatoes
P-value2

Almonds vs.
herb/spice
P-value2

Potatoes vs.
herb/spice
P-value2

Glucose, mg/dL
Peak time, min 41 51 42 NA
Peak value 101.00 ± 15.90 180.40 ± 15.90 144.20 ± 15.90 0.014 0.011 0.175 0.279
AUC 11907.00 ± 1541.72 17820.00 ± 1541.72 14051.50 ± 1541.72 0.054 0.046 0.601 0.235

Insulin, uU/mL
Peak time, min 60 54 42 NA
Peak value 17.08 ± 9.86 69.18 ± 9.86 49.32 ± 9.86 0.009 0.007 0.093 0.360
AUC 1323.40 ± 604.30 4621.10 ± 604.30 3291.05 ± 604.30 0.008 0.006 0.094 0.301

C-peptide, ng/mL
Peak time, min 69 69 60 NA
Peak value 2.03 ± 0.68 7.75 ± 0.68 5.56 ± 0.68 <0.001 <0.001 0.009 0.099
AUC 206.98 ± 58.08 620.43 ± 58.08 475.43 ± 58.08 0.001 <0.001 0.017 0.222

1Values presented as means ± SEs unless otherwise indicated. Peak and AUC values were first calculated for each participant and averaged across
participants, using ANOVA for among group analyses for peak value and AUC. AUC, area under the curve; HSD, honestly significant difference test; NA, not
applicable; vs., versus.

2P values from pairwise comparisons are adjusted with Tukey’s HSD.
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content, frequency of consumption in modern dietary behaviors,
relative contribution of the potato compared with preparation-
associated calories (fat from frying), standardization of study
food item preparation/presentation, and convenience were all
factors in the potato food selection. Additionally, the addition of
the selected herb/spices mix allowed an overview assessment of
common dietary pairing of ingredients in dishes with potatoes
and/or other starch-containing foods, highlighting the potential
glucoregulatory properties that herb/spices may possess. Despite
our matching the kilocalorie intake across groups, inherent
differences in caloric density, moisture, fiber content, specific
types of macronutrients, etc. remained among the food items
utilized.

A weakness of the study relates to its short-term nature
(i.e., 30 d). We cannot address whether these dietary changes
could have impacted health over years or decades. Specifically,
the meal test employing almond consumption was associated
with lower glucose and insulin responses, and whether these
differences would have more long-term consequences that were
not observed with the 30-d trial is unknown. Additionally, in
contrast with recent work comparing potato and rice consumption
in participants who had diabetes (31), this study did not include
participants with diabetes and utilized a different dietary form
of potatoes, limiting extrapolation of findings from our work
to individuals with diabetes. Nevertheless, the completed study
provides experimental data testing a hypothesis generated from
observational associations and finds no evidence that increased
daily consumption of potatoes results in significantly greater FM,
body weight gain, or changes in fasting blood biomarkers related
to glucose metabolism, than an energy-matched consumption of
almonds.
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