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Abstract

Including carbohydrate/fructose-rich foods (predominantly fruit) in the diets of overweight 

individuals can improve chronic disease risk factors. We hypothesized dried plums (DP) would 

improve nutrient consumption, total antioxidant capacity (TAC), lipid and adipokine profiles, and 

would decrease adiposity and inflammation. To test this, we studied the effects of 8-weeks of 

twice-daily snacking of macronutrient-matched 100 kcal servings of DP or refined carbohydrate-

rich snack (low-fat muffins: LFM) on daily energy and nutrient consumption, and chronic disease 

risk factors in overweight adults. Body weight/composition, waist circumference, blood pressure, 

plasma glucose, insulin, c-peptide, lipids, TAC, adipokines and inflammation were measured at 

baseline and throughout the study. Postprandial glucose and insulin were assessed following 

assigned test foods at baseline and 8-weeks. Repeated measures ANOVAs were undertaken to 

examine group and time differences. Post-hoc independent and paired samples t-tests were 

conducted where necessary. DP increased (P < .05) overall intake of dietary fiber and potassium, 

and TAC, from baseline to 8-weeks. Baseline postprandial glycemia tended (P = .09) to be lower 

with DP versus LFM, while both groups had a decreased response after 8-weeks. Postprandial 

insulinemia was lower (P < .05) for DP at both time-points. No differences in body weight/

composition, blood pressure, or fasting glucose, insulin, triglycerides, total cholesterol, HDL-C, 

inflammation or adipokines were detected. Low-density lipoprotein cholesterol (LDL-C) increased 

(P < .05) throughout the trial following LFM. Overall, DP lessened postprandial insulinemia, 

improved nutrient consumption and plasma TAC, and maintained plasma LDL-C compared to a 

macronutrient-matched refined carbohydrate snack, which could decrease chronic disease risk.
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1. Introduction

Consumption of snacks contributes substantially to daily energy intake in the United States. 

A recent examination of 40-year trends in self-reported eating related behaviors of adults 

demonstrated an increase in energy from snacks reported between lunch and dinner, as well 

as other snacks that replaced meals [1]. Although snacks can contribute significantly to 

energy intake, snacking may actually help to limit overall energy intake throughout the day 

and effectively alter risk of obesity/weight status of individuals. Researchers examining the 

relationship between eating patterns and obesity demonstrated that individuals reporting at 

least four eating episodes per day exhibited a 45% lower obesity risk [2]. However, the type 

of snack consumed plays an important role and has been shown to differentially impact risk 

factors for chronic disease such as plasma lipid concentrations [3].

Being overweight increases risk of developing metabolic diseases [4]. Incidence of Type 2 

Diabetes Mellitus (T2DM), a key metabolic disease associated with body weight status, is 

now considered an epidemic, and prevalence is projected to increase considerably over the 

next few years [4]. Although study results are mixed [5-12], an increase in fruit consumption 

has been recommended as part of a strategy to prevent the onset of T2DM [6]. Discrepancies 

among these studies may be due, in part, to the various effects of different fruits on 

metabolism; thus, it is important to determine the impacts of fruits individually. In a recent 

analysis of three prospective longitudinal cohort studies, pooled hazard ratios of T2DM were 

assessed for every three servings per week for twelve different fruits [13]. Results of the 

analysis revealed that dried plums represented the third lowest pooled hazard ratio (0.89) 

among the twelve fruits. Comprehensive reviews highlight multiple potential health 

advantages when dried plums are incorporated within the diet [14,15]. Dried plums are rich 

in fiber [16] and have a low glycemic index (GI = 29 ± 4) [17]. Considering overweight 

adults are at increased risk for developing obesity and associated metabolic diseases, such as 

T2DM, strategies aimed at attenuating the risk are of significant biomedical importance.

The addition of dried plum extract to the water of obese rats decreased body weight and 

enhanced systemic insulin sensitivity [18]. Dried plums have also been hypothesized to 

enhance insulin sensitivity due to their high sorbitol (6. 17 g/100 kcals) content [19]. Our 

laboratory has previously demonstrated that dried plums acutely promote lower postprandial 

glycemic and insulinemic responses compared to a macronutrient matched low-fat cookie 

[20].

The nutrient composition of snack foods likely influences the overall impact that snacking 

has on metabolism and energy balance. Green and colleagues [21] demonstrated that a high-

carbohydrate snack is more likely to promote a lower total daily energy intake compared to a 

high-fat snack. Furthermore, frequent meal consumption including snacks has been shown to 

produce beneficial effects on blood lipid profiles, suggesting a potential improvement in 

Clayton et al. Page 2

Nutr Res. Author manuscript; available in PMC 2020 April 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



metabolism and overall dietary quality [22]. Since dried plums are extremely low in fat, a 

rich source of dietary carbohydrates, a particularly good source of fiber (pectin) and sorbitol, 

and can lower the glycemic index of the diet as a whole [17], dried plums may be a 

potentially favorable snack food.

We hypothesize that incorporation of twice daily 100 kcal servings of a whole food 

carbohydrate-rich snack would improve risk factors for chronic disease relative to a 

macronutrient-matched refined carbohydrate snack. To test this, we determined the influence 

of 8 weeks of twice daily consumption of 100 kcal servings of a whole food (dried plums: 

DP) versus refined carbohydrate snack (macronutrient-matched low-fat muffins: LFM) on 

risk factors related to chronic disease (waist circumference/adiposity, adipokines, glucose 

regulation, plasma lipids and blood pressure) as well as antioxidant capacity and overall 

dietary quality in apparently healthy overweight adults. Additionally, we aimed to determine 

the acute postprandial glucose and insulin responses to a 240 kcal serving of each snack 

food at baseline and following the 8-week feeding period. The rationale for the proposed 

work is that snacks significantly contribute to daily energy intake in the United States and 

the type of snacks consumed can significantly modulate risk factors for chronic disease. 

Overweight adults are at significantly greater risk of developing chronic disease relative to 

age-matched lean adults, and incorporation of carbohydrate/fructose rich foods, primarily 

fruits, may decrease risk factors of chronic disease. Consistent with this hypothesis, we 

found that twice daily snacking of 100 kcal servings of dried plums reduced and prevented 

risk factors for chronic disease compared to a macronutrient-matched refined carbohydrate 

snack.

2. Methods and materials

2.1. Recruitment/ screening procedures

Subjects were recruited from the community via electronic advertisement, and visits to the 

laboratory were scheduled via email or by phone. Prior to visiting the laboratory, subjects 

were screened for food allergies, current levels of physical activity, current medication 

regimen, and whether or not they had previously been diagnosed with pre-diabetes or 

metabolic syndrome. If subjects did not have any food allergies to the provided foods of the 

study, did not participate in greater than two hours per week of moderate to vigorous 

physical activity as assessed by the rating of perceived exertion [23], did not use 

metabolically altering medications, or were not previously diagnosed with pre-diabetes or 

metabolic syndrome, they were invited to the laboratory for further screening. If subjects 

chose to participate, they were asked to arrive to the laboratory following an overnight fast 

(10 h). Upon arrival to the laboratory, subjects were asked to read the informed consent and 

researchers explained the contents. Subjects were advised to ask questions for clarification. 

After signing the informed consent form, the International Physical Activity Questionnaire 

(IPAQ) [24] was completed. Researchers assigned subjects to two groups (DP or LFM) 

based on block randomization and stratified for body fatness. All experimental procedures 

were approved by the San Diego State University Institutional Review Board (Protocol 

#1666093) and in accordance with Federal and institutional regulations and policies for the 

protection of the rights and welfare of human subjects.
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2.2. Study participants, design and treatment

Male (n = 19) and female (n = 30) participants between 20–65 years of age with a BMI 

[weight (kg)/height (m2)] defining them as overweight or obese (≥ 25) were initially 

recruited (Fig. 1.). Participants underwent an eight-week, parallel arm designed dietary 

intervention, which consisted of a twice-daily consumption of 100 kcal snacks (one between 

breakfast and lunch and another between lunch and dinner) along with eight ounces of water. 

Participants were randomly assigned to consume either DP or a LFM snacks. To ensure 

participant adherence, daily snack and beverage checklists were provided. Participants were 

assessed at baseline and after eight weeks of intervention. At those times body composition 

was assessed and blood was collected. At the four-week time-point, participants arrived at 

the laboratory to return their snack checklists and to collect the next four weeks of the 

assigned test food. Participants were advised to maintain their usual levels of physical 

activity and dietary intake throughout the duration of the study. Two multiple-pass [25] 24-

hour recalls were taken at baseline and four to seven subsequent recalls were obtained on 

random days throughout the intervention to assess nutrient intake. Food records were 

analyzed using The Food Processor SQL software version 10.12.0, ESHA Research (Salem, 

OR). A 7-day bowel habit questionnaire [26] was completed during the final week of each 

intervention. Following the completion of the study, participants filled out the revised dietary 

restraint scale [27].

2.3. Test foods

Dried plums were provided by Sunsweet Growers, Inc. (Yuba City, CA) and packaged in 

vacuumed sealed bags. Each bag contained 41.8 ± 0.3 grams (100 kcals) of dried plums. The 

LFM was designed to provide amounts of protein, carbohydrate and fat similar to those of 

dried plums, and the nutrient data were assessed using The Food Processor SQL software 

version 10.12.0, ESHA Research (Salem, OR). Dried Plums and LFM batter were sent to Q 

Laboratories, Inc. (Cincinnati, Ohio) for validation of protein, carbohydrate and fat content 

(Table 1.).

2.4. Blood pressure

Resting blood pressure (BP) was measured on the right arm using an automatic BP cuff 

(Omron HEM-712C, Omron Healthcare, Inc. Bannockburn, IL) after the participant had 

been seated and relaxed for a minimum of 10 minutes with uncrossed legs. BP was 

measured until 2 readings within 5 mmHg were obtained within one minute and 

measurements were averaged.

2.5. Body composition testing

Body composition was assessed via air displacement plethysmography (Bod Pod© Gold 

Standard, Life Measurement, Inc. Concord, CA), multi frequency- bioelectrical impedance 

analysis (BIA) (InBody 520, Biospace, Inc., Beverly Hills, CA), and by dual x-ray 

absorptiometry (DEXA) (GE Healthcare, Waukesha, WI) after an overnight fast (10 h) while 

wearing a swimsuit and following a euhydration protocol (avoiding showering or bathing 12 

hours prior to assessment, consuming 32 ounces of water before bed and 24 ounces of water 

upon waking). Body composition was calculated using a 4-compartment model using the 
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following equations: Fat mass (kg) = 2.747 x Total Body Volume (Bod Pod) − 0.714 x Total 

Body Water (BIA) + 1.146 X Bone Mineral Content (DXA) − 2.050 x mass [28]. Waist 

circumference was measured in triplicate, by the same researcher at baseline and 8-weeks 

for each subject, and averaged.

2.6. Assessment of bowel habits

Subjects rated total number of bowel movements, stool consistency, straining during bowel 

movement, pain during bowel movement, completeness of evacuation, and overall feeling of 

constipation using the questionnaire of McRorie et al. (28).

2.7. Acute metabolic responses

At baseline and after 8 weeks, subjects underwent a metabolic response test, following a 12 

hour overnight fast, which consisted of consuming 200 kcals of their assigned test food. 

Fasting arterialized blood samples (1 mL) were collected by fingertip puncture (Clarity 

Lancets, Diagnostic Test Group, DTG-SL23100, Boca Raton, FL) before the consumption of 

the test food and at 15 minute intervals for two hours following initiation of consumption. 

Blood was collected in tubes containing lithium heparin (Ram Scientific, #077220, Yonkers, 

NY) and centrifuged at 1200 x g for 10 minutes at 4 °C for plasma separation. Plasma 

samples were used for assessment of glucose and insulin.

2.8. Venous blood collection

Blood samples were collected at baseline and after 4 and 8 weeks. Blood was collected 

using a 25-gauge butterfly needle and the BD Vacutainer tubes containing EDTA (Fisher 

Scientific, Pittsburgh, PA). Tubes were centrifuged at 1200 x g for 10 minutes at 4 °C and 

plasma was extracted. Samples were coded to ensure participant confidentiality and were 

stored at −80 °C for future batch analysis.

2.9. Biochemical assays

Insulin (Alpco Diagnostics, Salem, NH; 80-INSHU-E011), C-peptide (Alpco Diagnostics, 

Salem, NH; 80-CPTHU-E01.1), high molecular weight (HMW) adiponectin (ALPCO 

Diagnostics, Salem, NH; 80-ADPHU-E01), leptin (R&D Systems, Minneapolis, MN; 

DLP00), and high sensitivity C-reactive protein (hsCRP) (Calbiotech, Spring Valley, CA; 

CR120C) were assessed using enzyme linked immunosorbent assays (ELISA) according to 

manufacturer guidelines. The homeostasis model of insulin resistance (HOMA-IR) was 

calculated as previously described (31). Triglycerides (TG) (Stanbio Laboratory, Boerne, 

TX; 2 100 430), total cholesterol (TC) (Stanbio Laboratory, Boerne, TX; 1 010 430), high 

density lipoprotein-cholesterol (HDL-C) (Stanbio Laboratory, Boerne, TX; 1 010 225) and 

glucose (Stanbio Laboratory, Boerne, TX; 1 070 125) were assessed using colorimetric kits 

according to manufacturer guidelines. Low density lipoprotein-cholesterol (LDL-C) was 

calculated using the Friedewald equation [LDL-C = TC - HDLC – TG/ 5] [29]. Total 

antioxidant capacity was determined with the use of an antioxidant assay kit according to 

manufacturer guidelines (Sigma, no. CS0790).
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2.10. Statistical analyses

Based on previous work from our laboratory [20] in healthy subjects who ate dried plums 

for a shorter duration (two weeks), and considering changes in plasma triglycerides was a 

primary outcome of this study, the number of subjects anticipated to detect a difference in 

plasma triglyceride concentrations utilizing a parallel arm design is 20 per group to achieve 

80% power with an alpha of .05. This calculation used conservative estimates of triglyceride 

difference of 22 ± 29 mg/dL.

Statistical analyses were conducted with Graph Pad Prism version 7.0c (Graph Pad 

Software; La Jolla, CA, USA) and data were reported as means ± standard deviations. One-

way analyses of variance (ANOVA) were used to determine differences in baseline 

measurements among groups. 2 (snack type) x 3 (time points) repeated measures ANOVA 

were used to assess differences in body weight, body composition, waist circumference, 

fasting glucose, fasting insulin, HOMA-IR, fasting C-peptide, fasting hs-CRP, fasting leptin, 

fasting HMW-adiponectin, and fasting TG, TC, HDL-C and LDL-C, over time between 

groups, with least significant differences for post hoc analyses when appropriate. 

Additionally, post hoc 2-tailed, paired t tests were used to determine within group mean 

differences at various time points when appropriate. Effects of age, sex and baseline values 

were independently analyzed for all variables, and no effects were detected.

For the acute feeding experiments, area under the curve was calculated from baseline values 

using the trapezoidal method, subtracting any areas that fell below baseline. and areas under 

the curves for over time between groups. 2 (snack type) x 2 (time points) repeated measures 

ANOVA were used to assess glucose and insulin AUC, over time between groups, with least 

significant differences for post hoc analyses when appropriate. Additionally, post hoc 2-

tailed, paired t tests were used to determine within group mean differences. 2 (snack groups) 

x 7 (time points) repeated measures ANOVA, followed by paired t-tests for post hoc 

analyses when needed used to assess differences over time for glucose and insulin during the 

acute feeding experiments. Post-hoc independent samples t-tests were conducted to 

determine between group differences and paired-samples t-tests were used within groups 

when appropriate. Alpha was set at 0.05 and significance was determined at P < .05.

3. Results

3.1. Subjects

Two subjects from each group withdrew from the study prior to completion due to personal 

conflicts. The entire study was completed by 45 subjects (Fig. 1.), which allowed sufficient 

sample size to power our analyses. The subjects were 37.4 ± 11.9 y of age, and had a mean 

BMI of 33.0 ± 6.9. Twenty-nine of the 45 subjects were classified as unrestrained eaters and 

twenty were classified as restrained eaters as determined by the revised restraint scale [27] 

completed by the subjects at the onset of the study. No differences in responses were 

detected for restrained versus unrestrained eaters, so data were collapsed for both groups.
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3.2. Body weight, body composition, waist circumference and blood pressure

There were no differences over time in either group for weight, percent body fat, fat free 

mass, waist circumference, or blood pressure (Table 2.).

3.3. Dietary intake

There were no mean differences between groups in total energy, macronutrient, and 

micronutrient intake with the exceptions of higher (P < .05) consumption of potassium and 

fiber for the DP intervention (Table 3). Importantly, dietary intake data were analyzed for a 

subgroup of subjects (n = 16/ group) due to a low response rate to phone calls and low 

compliance to self-reporting food recalls.

3.4. Biochemical analyses

C-peptide was ~20% higher after 8 weeks in the DP group (P < .05). No differences in C-

peptide were detected between the DP and LFM groups, or over time in the LFM group. No 

differences in fasting plasma insulin, glucose, HOMA-IR, high-sensitivity C-reactive 

protein, hsCRP, leptin, HMW-adiponectin, triglycerides, total cholesterol or HDL-C were 

observed between or within groups across time points (Table 4). No differences were 

detected for time or group for leptin, hsCRP, insulin, HOMA-IR, and HMW-adiponectin. 

LDL-C was ~25% (P < .05) and ~30% (P < .05) greater at 4 and 8 weeks, respectively, in the 

LFM group compared to DP (Table 4.). Fasting total antioxidant capacity was increased 

from baseline to 8 weeks in the DP group, while no difference was detected in the LFM 

group (Table 4.).

3.5. Acute metabolic responses

Area under the curve for postprandial glycemic response tended (P = .09) to be greater at 

baseline for the LFM group (Fig. 2, A). Glycemic response area under the curve was 

decreased (P < .05) after eight weeks of adaptation to consuming either DP or LFM (Fig. 2, 

A-C). Postprandial insulin responses were lower (P < .05) for DP versus LFM at baseline 

and after 8 weeks (Fig. 2, D-F).

3.6. Bowel habits

No mean differences in bowel habit data were detected for total bowel movements, stool 

consistency, straining during bowel movement, pain during bowel movement, completeness 

of evacuation, or overall feeling of constipation (Fig. 3. A-E).

4. Discussion

Results of this study only partially support our key hypotheses; therefore, we partially reject 

the original hypotheses. Consuming a DP snack twice daily for eight weeks resulted in 

greater total daily intake of fiber and potassium and improved fasting total antioxidant 

capacity compared to LFM. Furthermore, DP resulted in lower postprandial insulin 

responses compared to LFM at baseline and 8 weeks, but there no differences in the 

postprandial insulin response over time within each group. Interestingly, however, these data 

indicate that regular consumption of a carbohydrate-rich snack, whether DP or LFM, tends 
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to improve acute glycemic responses to that snack over eight weeks. Moreover, DP lowered 

plasma LDL-C at four and eight weeks, which resulted in lower LDL-C:HDL-C, relative to 

LFM, throughout the trial. Lastly, data collected from the Bowel Habits Questionnaire 

support our hypothesis, and previous work from our laboratory collected in adult women [3], 

that dried plums do not significantly influence bowel habits. Our hypotheses were not 

supported, in that dried plums did not influence plasma TG, daily fat and cholesterol intake, 

body weight, body composition, and concentration of plasma inflammatory markers, or 

adipokines.

Although we did not detect between group differences for total energy, macronutrient, or 

micronutrient intake, we did observe a significant increase in potassium intake in the DP 

group throughout the 8-week intervention. The increase in dietary potassium observed in the 

present study is in agreement with previous research from our laboratory [3]. Interestingly, 

dietary intake of potassium may be associated with the decreased insulin response observed 

in the DP group [30,31]. Thus, incorporating twice daily consumption of dried plums into 

one’s typical dietary regimen may help decrease chronic disease risk through improved 

potassium intake.

As described in the analysis of data from NHANES, 1999–2010 by Grooms et al. [32], an 

increase in dietary fiber is associated with a decreased risk for metabolic disease, primarily 

due to regulation of insulin and blood lipids [32]. The portion of dried plums used for the 

current study provided approximately 6 g of fiber per day (2.67 g/ 100 kcals), whereas the 

LFM provided approximately 1.5 g of fiber per day (0.7 g/100 kcals). Dietary fiber has been 

suggested to regulate postprandial glycemia and insulinemia by slowing the rates of gastric 

emptying and absorption of macronutrients, which results in a slower appearance of glucose 

into the blood stream, decreasing the potential for lipogenesis and storage of glucose as 

triglycerides [33], which may be particularly favorable for overweight adults who are at 

greater risk of developing metabolic diseases relative to lean [34]. The difference in 

postprandial insulin responses observed between the DP and LFM groups at both baseline 

and after the 8-week intervention may support the idea that increased dietary fiber supports 

regulation of blood insulin concentration [32]. Furthermore, the low fiber composition of the 

LFM snack may have contributed to the elevated LDL:C-HDL:C, as low fiber diets are 

inversely associated with LDL-C [35]. Dried plums also contain other nutrients such as 

sorbitol and phytonutrients that may be at least partially responsible for the differences in 

postprandial insulinemia observed in this study.

The sugar composition of dried plums are glucose (45%), fructose (25%), sucrose (1%) and 

sorbitol (29%) [15]. Sorbitol is a sugar alcohol found naturally in many fruits and constitutes 

a large portion of the sugar composition of dried plums [15]. Sorbitol is poorly absorbed 

[36] and the consumption of sorbitol with fructose further decreases the absorption of both 

sugars [37]; thus, the fructose and sorbitol contents of dried plums may potentially decrease 

absorption of carbohydrate resulting in a more stable insulin response. Furthermore, the high 

composition of chlorogenic acid found in dried plums (23% of total phenolic compounds) 

[15] may contribute to the insulin response observed in the current study. Chlorogenic acid 

has been shown to inhibit hepatic glycogenolysis and gluconeogenesis, thus resulting in 

decreased appearance of glucose in the blood [38]
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According to the international table of glycemic index (GI) [17] dried plums should be 

considered a low-GI food (GI = 29 ± 4). In a review of the chemical composition and 

potential health effects of dried plums [15], it was suggested that the fiber, fructose, and 

sorbitol contents of dried plums are likely responsible for considering dried plums a low-GI 

food. The low-GI of dried plums likely explains the trend for a lower postprandial glycemic 

response at baseline relative to the LFM group and the lower insulin response detected at 

both time-points in the present study. Interestingly, however, we found that twice daily 

snacking of DP or LFM for eight weeks resulted in an improved postprandial glycemic 

response. Previous reports, although in children, have shown that metabolic flexibility can 

occur across various high carbohydrate diets, resulting in a metabolic adaptation to those 

diets, specifically when high carbohydrate diets do not vary in macronutrient content [39], 

which is likely what occurred in the present study. We observed an increase in plasma C-

peptide at the end of the 8-week intervention in the DP group, while no differences were 

detected in the LFM group. Although the production of C-peptide and insulin are tightly 

coupled, C-peptide is excreted at a more constant rate over a longer period of time [40], 

which may explain the discrepancy between the fasting C-peptide and insulin data in the 

current study.

Despite the potential for adaptation to consistently consuming a carbohydrate rich food, 

consumption of high glycemic index (GI) carbohydrates appears to be a greater risk factor 

for metabolic disease compared to energy matched low GI carbohydrates [41]. Low GI foods 

have been shown to promote greater satiety and lower postprandial insulinemia compared to 

high-GI foods, demonstrating the potential role of eating low-GI foods as a strategy for 

attenuating progression of metabolic disease [15]. Thus, low-GI snacks rich in nutrients, 

such as dried plums, may be a more favorable option than high-GI snacks, as a means of 

regulating blood glucose and insulin concentrations between meals.

Polyphenols, key nutrients in dried plums (Neochlorogenic acid, Chlorogenic acid, Caffeic 

acid, Coumaric acid and Rutin) and their metabolites are known to not only act as 

antioxidants themselves, but also activate endogenous antioxidant signaling pathways 

[42-44]. Furthermore, increased abundance of oxygen-free radicals in the blood have been 

associated with marked elevated levels of plasma LDL-C [45]. Considering dried plums are 

a concentrated source of polyphenols, frequent consumption may elevate total antioxidant 

capacity in the blood, and over time could attenuate the development of metabolic disease, 

and prevent oxidation of LDL-C [46]. The increase in fasting plasma total antioxidant 

capacity in the present study supports previous in vitro studies [47] suggesting polyphenol-

rich dried plums may be capable of reducing oxidative stress. Diets rich in antioxidants are 

associated with lower risk of developing metabolic disease [48], thus implementing dried 

plums into a daily snacking regimen may help to prevent the onset of metabolic disease, and 

specifically dyslipidemia, given the LDL-C lowering effects of dried plums in the present 

study.

There are several possible limitations in the current study. First, the population was restricted 

to overweight adults, which limits extrapolation to other populations. Second, the study was 

not designed to evaluate metabolic altering effects of specific bioactive compounds present 

in dried plum vs. the low-fat muffin, and future studies should be designed to evaluate this. 
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Third, completely accurate food intake data is very difficult to obtain. We attempted to 

minimize inaccuracies by using the multi-pass method of food intake assessment. Fourth, all 

snack intake, despite the acute feeding experiments, occurred out of the laboratory, the self-

reported compliance of snack consumption might not be completely reliable.

Overall, the inclusion of a low glycemic, high fiber, dried plum snack significantly increased 

total dietary intake of fiber and potassium, and resulted in a lower postprandial insulin 

response, following acute feeding compared to a more refined, carbohydrate-rich snack. 

Furthermore, lower plasma concentrations of LDL-C were detected in as few as 4 weeks 

after consuming DP in comparison to a refined snack, which was also reflected in the LDL-

C:HDL-C ratio. While the sorbitol, fiber and polyphenol contents of DP likely explain the 

majority of their differing metabolic responses, future research may be needed to determine 

if other components are responsible. Taken together, this research suggests that a whole 

dried fruit snack appears to be a modestly better choice than a more highly refined snack 

with a similar macronutrient profile and could help to attenuate the onset of metabolic 

disease in overweight adults.

Acknowledgment

Authors would like to thank Steffani Nelson, Nancy Snyder, Benjamin Reiter, Jonathan Blair and Brookell White 
for help with the study. The views expressed in this manuscript do not reflect the official policy or position of the 
Department of the Army, Department of Defense or the U.S. Government. Authors express no conflict of interest. 
This work was supported by a grant from the California Dried Plum Board.

Abbreviations:

BMI Body Mass Index

DP Dried Plums

LFM Low-Fat Muffins

TAC Total Antioxidant Capacity

ANOVA Analysis of Variance

TC Total Cholesterol

HDL-C High Density Lipoprotein-Cholesterol

LDL-C Low Density Lipoprotein-Cholesterol

TG Triglycerides

T2DM Type 2 Diabetes Mellitus

GI Glycemic Index

GLUT Glucose Transporter

Kcal kilocalorie

IPAQ International Physical Activity Questionnaire
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mg/dL milligrams per deciliter

BP Blood Pressure

BIA Bioelectrical Impedance Analysis

EDTA Ethylenediaminetetraacetic acid

HMW High Molecular Weight

hsCRP High-Sensitivity C-Reactive Protein

HOMA-IR Homeostasis Model of Insulin Resistance

AUC Area Under the Curve

NHANES National Health and Nutrition Examination Survey
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Fig. 1 –. 
Flow chart of sample sizes for subject recruitment, exclusion and final analyses.
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Fig. 2 –. 
(A) Plasma glucose AUC at baseline (closed bars) and 8 weeks (open bars) in the DP and 

LFM groups. (B) Glucose responses to dried plums at baseline (•) and 8-weeks (°), and (C) 

low-fat muffins at baseline (•) and 8-weeks (°). (D) Plasma insulin AUC at baseline (closed 

bars) and 8 weeks (open bars) in the DP and LFM groups. (E) Plasma insulin responses to 

dried plums at baseline (•) and 8-weeks (°), and (F) low-fat muffins at baseline (•) and 8-

weeks (°). Significant (P < .05) within group differences are indicated by a single asterisk 

(*) and significant between group differences are indicated by two asterisks (**). Values are 

means ± SD. Error bars reflect standard deviations. (DP: n = 24; LFM: n = 21).
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Fig. 3 –. 
Bowel habit ratings during the final week (7 days recorded) of the 8-week intervention of 

consumption of either DP or LFM. (A) Stool Frequency, (B) Stool Consistency, (C) 

Straining During Bowel Movement, (D) Pain During Bowel Movement, (E) Completeness 

of Evacuation and (F) Overall Feeling of Constipation were rated on 7-point scales. Values 

are means ± SD. Error bars reflect standard deviations. (DP: n = 24; LFM: n = 21).
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Table 1 –

Nutrient composition of 100 Calorie servings of dried plums and low-fat muffins

Nutrient Dried Plums Low-Fat Muffins

Portion weight (g) 41.8 35.0

Protein (g) 1.28 1.58

Carbohydrates (g) 29.5 23.4

Dietary fiber (g) 2.8 0.7

Soluble fiber (g) 0.9 0.2

Insoluble fiber (g) 1.6 0.5

Sugar (g) 15.9 12.3

Total fat (g) 0.28 0.19

Saturated fat (g) 0.04 0.02

Potassium (mg) 306 19

Riboflavin (mg) 0.08 0.10

Niacin (mg) 0.79 0.9

Calcium (mg) 18 58

Nutrient profile determined from DP and LFM batter, via sample analysis by Q laboratories, Inc. (Cincinnati, OH). For dried plums: USDA 
National Nutrient Database for Standard Reference, Release 21. For LFM: Calculated from recipe ingredients by Food Processor SQL software 
version 10.12.0.
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