
ABSTRACT

Numerous clinical trials have examined the beneficial effects of Juglans regia leaf extract (JRLE) 
in patients with type 2 diabetes mellitus (T2DM); however, the results of these studies are 
inconsistent. Therefore, we conducted the current systematic review and meta-analysis 
to evaluate the effect of JRLE on glycemic control and lipid profile in T2DM patients. We 
searched online databases including PubMed, Scopus, EMBASE, and Web of Science for 
randomized controlled clinical trials that examined the effect of JRLE on glycemic and lipid 
indices in T2DM patients. Data were pooled using both fixed and random-effect models 
and weighted mean difference (WMD) was considered as the overall effect size. Of the 
total records, 4 eligible studies, with a total sample size of 195 subjects, were included. 
The meta-analysis revealed that JRLE supplementation significantly reduces fasting blood 
glucose (WMD, −18.04; 95% confidence interval [CI], −32.88 mg/dL, −3.21 mg/dL; p = 0.017) 
and significantly increases fasting insulin level (WMD, 1.93; 95% CI, 0.40 U/L, 3.45 U/L; 
p = 0.014). Although the overall effect of JRLE supplementation on hemoglobin A1c was 
not significant, a significant reduction was seen in studies with an intervention duration 
of > 8 weeks (WMD, −0.64; 95% CI, −1.16%, −0.11%; p = 0.018). Moreover, we also found 
no significant change in lipid parameters. Our findings revealed a beneficial effect of JRLE 
supplementation on glycemic indices in T2DM patients, but no significant improvement was 
found for lipid profile parameters.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is one of the most prevalent metabolic disorders globally, 
where its’ incidence is predicted to reach 366 million cases by 2030 [1,2]. The main 
characteristics of the disease are hyperinsulinemia, insulin resistance, and β-cells decline 
[3], concomitant to dyslipidemia [4]. The latter includes abnormalities in concentrations 
of triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), or total cholesterol (TC), which are major risk factors for cardiovascular 
diseases (CVDs) [4,5]. Given the adverse effects of T2DM on vital organs function, such as 
the kidney [6], liver, gastrointestinal system [3], and nervous system [7], the management of 
T2DM is pivotal, and mainly achieved via exercise and dietary modification [8,9]. In recent 
decades, the use of alternative medicine, especially herbs, to treat different diseases such as 
diabetes and CVDs, has grown in popularity, worldwide [10-12].

The leaves of Juglans regia (walnut) have been used in traditional medicines for their apparent 
antimicrobial, anthelmintic, keratolytic, and antidiarrheal properties, and are rich in 
polyphenolic compounds and flavonoids [13]. Dietary flavonoids and polyphenols, which can 
be found in many foods and medicinal plants, are considered to be responsible for the reported 
health benefits of the J. regia L. leaves and play an important role in the prevention and treatment 
of several chronic diseases, such as diabetes and CVDs caused by oxidative stress [14]. The 
constituents in walnut leaf have shown antioxidant, anti-inflammatory, and anticancer effects, 
mainly via free radicals scavenging [15,16]. Glucose and lipid-lowering effects following J. regia 
leaf extract (JRLE) administration have been reported and posited as a clinically promising 
therapy in diabetic rats [17,18]. These beneficial influences are mainly attributed to improving 
β-cells responsiveness and insulin secretion [17,19,20]. Due to its promising results in T2DM 
patients, it seems that JRLE can be used alone, or in combination with other herbs to improve 
therapeutic influences on glycemic and/or lipid profiles in T2DM [21].

However, current evidence from trial studies investigating the effectiveness of JRLE on blood 
glucose and lipid parameters of T2DM patients in humans is controversial [13,22-24]. Rabiei 
et al. [13] didn’t observe any significant effects of 200 mg/d JRLE on blood glucose and 
homeostasis model assessment of insulin resistance (HOMA-IR) levels whilst Hosseini et al. 
[23] reported that consumption of 100 mg JRLE 2 times a day improves glycemic control and 
lipid profile. To the best of our knowledge, no systematic review has evaluated the effects of 
JRLE, in the management of metabolic parameters in T2DM patients. Therefore, the results 
of this study can potentially help to select appropriate treatment options for healthy people 
and chronic patients. Accordingly, this study aimed to conduct a systematic review and meta-
analysis to evaluate the effect of JRLE on glycemic control and lipid profile in T2DM patients.

MATERIALS AND METHODS

This study was designed and conducted according to the guidelines of the 2009 Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement.

Search strategy and data collection
Searching was performed up to 15 November 2020 in the following databases: PubMed, 
Scopus, EMBASE, and Web of Science. No restrictions on language were considered. The 
search terms utilized are mentioned below:
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("juglans"[MeSH] OR walnuts[MeSH] OR walnut OR "walnut leaf " OR "juglans 
regia leaf " OR "walnut leaf " OR "juglans regia leaf ") AND (metabolic OR "Metabolic 
Syndrome"[Mesh] OR "mets" OR "blood glucose" OR "plasma glucose" OR "blood 
sugar" OR "plasma sugar" OR "FPG" OR "FPS" OR "FBG" OR "FBS" OR glucose OR 
"Glycated Hemoglobin A"[Mesh] OR "hba1c" OR "glycosylated hemoglobin" OR "glycated 
hemoglobin" OR insulin OR diabetic OR diabetes OR "Diabetes Mellitus"[Mesh] OR 
"t2dm" OR "type 2 diabetes" OR "non-insulin dependent") OR ("Cholesterol"[MeSH] 
OR "low-density lipoprotein" OR LDL OR LDL-C OR LDL-cholesterol OR "high-
density lipoprotein" OR "HDL" OR "HDL-C" OR "HDL-cholesterol" OR triglyceride 
OR hyperlipidemia OR "Hyperlipidemias"[Mesh] OR hyperlipidemic OR dyslipidemia 
OR dyslipidemic OR lipoprotein) OR ("Liver enzyme" OR "Liver Function Test" OR 
"Alanine Transaminase"[MeSH] OR "Aspartate Aminotransferases"[Mesh] OR "Alkaline 
Phosphatase"[Mesh] OR "gamma-Glutamyltransferase"[Mesh] OR "Glutamic Alanine 
Transaminase" OR "GlutamicAlanine Transaminase" OR "Alanine Aminotransferase" OR 
"Aspartate Aminotransferase" OR "Aspartate Transaminase" OR "Glutamic-Oxaloacetic 
Transaminase" OR "alanine aminotransferase" OR "ALP" OR "SGOT" OR "ALT" OR "AST" 
OR "SGPT" OR "GGT") AND (administration[tiab] OR intervention[tiab] OR "controlled 
trial"[tiab] OR randomized[tiab] OR random[tiab] OR Randomly[tiab] OR Placebo[tiab] 
OR Assignment[tiab] OR "clinical trial"[tiab] OR trial[tiab] OR randomised[tiab] OR 
"Randomized Controlled Trial"[Publication Type] OR "Controlled Clinical Trial"[Publication 
Type] OR "Placebos"[Mesh] OR "Placebo Effect"[Mesh] OR "Clinical Trial"[Publication 
Type] OR "Clinical Trials as Topic"[Mesh]).

Reference lists of relevant published research were also reviewed for potentially relevant studies.

Study selection
The inclusion criteria for this meta-analysis were: (1) randomized clinical trial, in either 
parallel or crossover design vs. placebo control, (2) adults (≥ 18 years) with T2DM, (3) 
administration of JRLE in any form (powder, aqueous, ethanolic, etc.), (4) presentation of 
adequate information on the baseline and at the end of the study in both intervention and 
control groups. Exclusion criteria were the following: (1) nonclinical studies, (2) uncontrolled 
trials, (3) lack of sufficient information on baseline or follow-up, and (4) supplementation 
with an active comparator in the control group.

Data extraction
Data extraction was performed independently by 2 reviewers (MD and AM) and was checked 
by a third reviewer (ED) for accuracy. The following information was extracted: author’s 
name, publication year, study design and arms, characteristics of the participants (age, health 
conditions, and sample size), details of the trial (dose of interventions, duration, form of JRLE), 
mean and standard deviation (SD) of levels of selected parameters at baseline and the end of the 
trial. Conversion of units and statistical values of measurements were performed accordingly.

Quality assessment
The Cochrane Risk of Bias (ROB) Assessment tool was used to evaluate each study. The 
assessment contains the following domains: adequacy of sequence generation, incomplete 
outcome data adequately addressing, allocation concealment, blinding of participants, 
selective outcome reporting, and other potential causes of bias. According to the 
recommendations of the Cochrane Handbook, ROB for each domain was categorized as low, 
high, or unclear [25]. ROB of included studies is shown in Supplementary Table 1.
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Statistical analysis
Mean differences and their SDs between the baseline and final value of the factors under 
study, were obtained from the studies to calculate the effect size. Meta-analysis was 
performed using Stata, version 11.2 (StataCorp LLC, College Station, TX, USA). The 
Cochrane’s Q test and the I2 statistic were used to evaluate statistical heterogeneity across 
studies. I2 value > 50% or p < 0.05 was considered as significant heterogeneity, and a random-
effect model was used [25]. Subgroup analysis was performed to examine probable sources of 
heterogeneity, according to predefined variables including dosage (≤ 200 vs. > 200 mg/day) 
and duration (≤ 8 vs. > 8 weeks). For studies with missing values of SD for mean difference, 
the following formula was used: SD = square root ((SDpretreatment)2 + (SDposttreatment)2 − (2R × 
SDpretreatment × SDposttreatment)), where correlation coefficient (R) was assumed equal to 0.5 [26]. 
Effect sizes were expressed as the mean difference and 95% confidence interval (CI). Egger’s 
linear regression and Begg’s test were used to evaluate the publication bias [27]. The p values 
< 0.05 were considered, a priori, to represent statistical significance.

RESULTS

Out of 1,296 articles, and following the removal of duplicates, the titles and abstracts of 685 
articles were screened. After reading the titles or abstracts, 576 articles were excluded, as they 
were unrelated. After assessing the full text of 109 potentially related articles, 4 articles were 
included in our analysis. The main reasons for exclusion were as follows: 103 articles did not 
contain walnut (J. regia) “leaf ” as intervention, in one article JRLE was used in combination with 
other components (or drugs), and one article was published as a letter. Figure 1 represents the 
flow diagram of study selection.

Characteristics of the included studies
The characteristics of 4 randomized controlled trials (RCTs) included in the meta-analysis 
are outlined in Table 1. The review included 195 individuals from 4 studies. All 4 RCTs were 
conducted in Iran, on T2DM patients, and both genders [13,22-24]. Sample sizes varied from 
37 to 61, the duration of intervention in the studies was 8 and 12 weeks, whilst the dosage 
of JRLE varied from 200 to 750 mg/day; where in one study, the intervention was defined as 
100 mg/day for one week, then continued with 200 mg/day for 7 weeks [13]. The mean age of 
participants was between 49.9 and 58.1 years. None of the RCTs had a low risk of bias in all 
domains of the Cochrane ROB Assessment tool (Supplementary Table 1).

Main results from the meta-analysis
Effect of JRLE supplementation on glycemic profile
Four studies, with a total sample size of 195 subjects, evaluated the effect of JRLE on fasting 
blood glucose (FBG) [13,22-24], and indicated that JRLE supplementation yielded a significant 
reduction in FBG compared with the control group (weighted mean difference [WMD], 
−18.04; 95% CI, −32.88 mg/dL, −3.21 mg/dL, p = 0.017; Figure 2A), with no significant 
heterogeneity between studies (p = 0.91; I2 = 0.0%). Effectiveness of JRLE supplementation on 
fasting insulin level were evaluated in 2 studies [13,24]. Result of meta-analysis, including 97 
participants, showed a significant increase in fasting insulin level (WMD, 1.93; 95% CI, 0.40 
U/L, 3.45 U/L; p = 0.014; Figure 2B), with no considerable between-study heterogeneity (p = 
0.4; I2 = 0.0%). Combining 2 studies that evaluated the effect of JRLE on postprandial glucose 
(PPG) [13,22], including 97 participants, resulted not-significant change in PPG (WMD, 19.32; 
95% CI, −85.05 mg/dL, 123.68 mg/dL; p = 0.212; Figure 2C), while a significant between-study 
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heterogeneity was found (p = 0.002; I2 = 89.4%). By combining effect sizes from 4 studies 
[13,22-24], including 195 participants, we found no significant effect of JRLE on hemoglobin 
A1c (HbA1c), compared to control group (WMD, −0.25; 95% CI, −0.84%, 0.34%; p = 0.41; 
Figure 2D), with a considerable between-study heterogeneity (p = 0.081; I2 = 55.5%).

Effect of JRLE supplementation on lipid profile
Three studies, with a total sample size of 137 subjects, evaluated the effect of JRLE on TC 
[13,22,23], and indicated that JRLE supplementation elicited no significant change in TC 
compared with the control group (WMD, −9.18; 95% CI, −22.76 mg/dL, 4.40 mg/dL; p = 
0.185; Figure 3A), with no significant heterogeneity between studies (p = 0.58; I2 = 0.0%). 
The effectiveness of JRLE supplementation on LDL-C was evaluated in 3 studies [13,22,23]. 
Of the following meta-analysis, including 137 participants, showed no significant change 
in LDL-C (WMD, −7.12; 95% CI, −16.57 mg/dL, 2.33 mg/dL, p = 0.14; Figure 3B), with no 
considerable between-study heterogeneity (p = 0.49; I2 = 0.0%). Combining effect sizes 
from 3 studies that evaluated effect of JRLE on HDL-C [13,22,23], including 137 participants, 
resulted no significant change in HDL-C (WMD, −1.19; 95% CI, −6.60 mg/dL, 4.23 mg/dL; p 
= 0.67; Figure 3C), while between-study heterogeneity was not found (p = 0.67; I2 = 0.0%). 
Through combining effect sizes from 3 studies [13,22,23], including 137 participants, we 
found no significant effect of JRLE on TG, compared to control group (WMD, −14.00; 95% 
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CI, −34.79 mg/dL, 6.80 mg/dL; p = 0.19; Figure 3D), with no considerable between-study 
heterogeneity (p = 0.40; I2 = 0.0%).

Secondary outcomes
As an additional outcome, effectiveness of JRLE on 2 liver enzymes was evaluated. By pooling 
data from 3 studies [13,23,24], including 158 participants, we found a significant increase in 
alanine transaminase (ALT) (WMD, 1.46; 95% CI, 0.34, 2.57; p = 0.01) with no significant 
heterogeneity between studies (I2 = 46.7%; p = 0.153) (Figure 4A). Pooled data from 3 
studies [13,23,24], including 158 participants, showed no significant effectiveness of JRLE 
supplementation on aspartate transaminase (AST) levels (WMD, 1.37; 95% CI, −0.23, 2.97; p 
= 0.09) with no considerable heterogeneity between studies (I2 = 17.8%; p = 0.3) (Figure 4B).

Publication bias
The Egger’s test performed to assess publication bias, otherwise, in instances of ≤ 2 effect 
sizes, Egger’s test was not applicable and Begg’s test was used. No publication bias was found 
for FBG (p = 0.59), HbA1c (p = 0.187), TC (p = 0.63), LDL-C (p = 0.22), HDL-C (p = 0.81), TG 
(p = 0.35), ALT (p = 0.4), or AST (p = 0.15), using the Egger’s test. Whilst no publication bias 
was found for insulin (p = 1.0) or PPG (p = 1.0) using the Begg’s test.
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Table 1. Characteristics of the included studies
Author Design Participants Health 

condition
Age (yr)* Intervention Duration 

(wk)
Outcomes (changes)†

Treatment group Control group Treatment group Control group
Rabiei et al. 
(2018) [13]

RA/Parallel M/F: 39 T2DM Int: 50.50 ± 8.30 100 mg/day (1 wk) 
then 200 mg/day  
(7 wk) 
hydroalcoholic 
extract

Placebo: 
microcrystalline 
cellulose

8 FBG: −12.20 ± 44.12 FBG: 12.90 ± 59.40
Int: 20 Con: 49.90 ± 8.60 PPG: 24.50 ± 85.77 PPG: −47.00 ± 62.23
Con: 19 Insulin: 0.90 ± 3.80 Insulin: −1.70 ± 3.20

HBA1c: −0.10 ± 1.57 HBA1c: −0.80 ± 1.15
TG: −9.10 ± 84.07 TG: 16.30 ± 94.52
TC: −7.50 ± 37.45 TC: −6.90 ± 33.89
HDL-C: 2.10 ± 9.20 HDL-C: 1.30 ± 12.95
LDL-C: −9.70 ± 27.36 LDL-C: −9.30 ± 19.84
AST: 0.10 ± 5.48 AST: −4.50 ± 8.52
ALT: −0.50 ± 7.43 ALT: −6.40 ± 10.75

Abdoli et al. 
(2017) [22]

RA/DB/
Parallel

M/F: 37 T2DM Int: 56.60 ± 6.10 750 mg/day 
aqueous extract

Placebo: toast 
powder

12 FBG: −17.50 ± 32.20 FBG: 3.90 ± 42.00
Int: 19 Con: 55.10 ± 7.90 PPG: −48.00 ± 59.7 PPG: −13.80 ± 89.10
Con: 18 HBA1c: −0.90 ± 1.20 HBA1c: −0.30 ± 1.00

TG: −10.50 ± 42.40 TG: −6.80 ± 37.90
TC: −12.40 ± 45.00 TC: −2.50 ± 38.70
HDL-C: 4.00 ± 16.80 HDL-C: 8.50 ± 11.30
LDL-C: −15.20 ± 31.10 LDL-C: −1.10 ± 26.10

Hosseini et al. 
(2014) [23]

RA/DB/
Parallel

M/F: 61 T2DM Int: 54.80 ± 1.13 200 mg/day leaf 
powder

Placebo: NR 12 FBG: −22.00 ± 60.10 FBG: −9.69 ± 66.22
Int: 32 Con: 55.40 ± 0.70 HBA1c: −0.99 ± 1.49 HBA1c: −0.31 ± 1.62
Con: 29 TG: −16.15 ± 90.32 TG: 21.18 ± 87.03

TC: −12.47 ± 45.00 TC: 5.55 ± 48.49
HDL-C: −1.28 ± 59.28 HDL-C: 0.03 ± 9.15
LDL-C: −6.95 ± 30.75 LDL-C: 2.69 ± 33.68
AST: −1.09 ± 5.15 AST: −1.62 ± 4.36
ALT: 0.32 ± 3.35 ALT: −0.29 ± 2.97

Hosseini et al. 
(2014) [24]

RA/DB/
Parallel

M/F: 58 T2DM Int: 58.10 ± 4.20 400 mg/day 
aqueous extract

Placebo: NR 8 FBG: −21.00 ± 60.25 FBG: −10.00 ± 66.56
Int: 30 Con: 56.20 ± 7.30 Insulin: 1.80 ± 4.47 Insulin: 0.50 ± 3.75
Con: 28 HBA1c: −0.90 ± 1.47 HBA1c: −0.60 ± 1.60

AST: 1.00 ± 5.15 AST: −0.30 ± 4.35
ALT: 1.00 ± 3.37 ALT: −1.00 ± 2.96

RA, randomized; DB, double-blind; M, male; F, female; Int, intervention; Con, control; NR, not reported; FBG, fasting blood glucose; PPG, postprandial glucose; 
HbA1c, hemoglobin A1c; TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ALT, 
alanine transaminase; AST, aspartate transaminase.
*Values are mean ± standard deviation or range (for age); †Changes in parameters are presented by common units for FBG, PPG, TC, LDL-C, HDL-C, TG (mg/dL), 
HbA1c (%), insulin, ALT, AST (U/L).
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Findings from the subgroup analysis
Table 2 shows the data from subgroup analysis by the dosage of JRLE. Levels of insulin and 
PPG in the low-dose groups (≤ 200 mg/day) significantly increased (insulin: WMD, 2.60; 95% 
CI, 0.40 U/L, 4.80 U/L; PPG: WMD, 72.30; 95% CI, 25.44 mg/dL, 119.16 mg/dL), compared to 
high-dose groups. Non-significant results were found for levels of FBS, HbA1c, TC, LDL-C, 
HDL-C, and TG, respectively.

In the subgroup analysis by the duration of treatment (Table 3), we observed significantly 
increased PPG (WMD, 72.30; 95% CI, 25.44 mg/dL, 119.16 mg/dL) in a shorter duration of 
treatment (≤ 8 weeks); moreover, the levels of HbA1c in the longer duration (> 8 weeks) were 
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Figure 2. Forest plot for the effect of J. regia leaf extract on glycemic profiles: (A) fasting blood glucose, (B) insulin level, (C) postprandial glucose, and (D) 
hemoglobin A1c. Data are expressed as WMDs between intervention and control groups. Horizontal lines represent 95% CIs. Diamonds represent pooled 
estimates from the fixed-effects analysis. 
WMD, weighted mean difference; CI, confidence interval.
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Figure 3. Forest plot for the effect of J. regia leaf extract on lipid profile: (A) total cholesterol, (B) low-density lipoprotein cholesterol, (C) high-density 
lipoprotein cholesterol, and (D) triglyceride. Data are expressed as WMDs between intervention and control groups. Horizontal lines represent 95% CIs. 
Diamonds represent pooled estimates from the fixed-effects analysis. 
WMD, weighted mean difference; CI, confidence interval.
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significantly decreased (WMD, −0.64; 95% CI, −1.16%, −0.11%). Non-significant results were 
found for levels of FBG, TC, LDL-C, HDL-C, and TG, respectively.
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Figure 4. Forest plot for the effect of J. regia leaf extract on liver enzymes: (A) alanine transaminase, (B) aspartate transaminase. Data are expressed as mean 
differences between intervention and control groups. Horizontal lines represent 95% CIs. Diamonds represent pooled estimates from the fixed-effects analysis. 
WMD, weighted mean difference; CI, confidence interval.

Table 2. Subgroup analysis by dosage of J. regia leaf extract
Metabolic parameter Dosage (mg/day) Effect size WMD 95% CI p value Heterogeneity

I2 (%) p-heterogeneity
FBG (mg/dL) ≤ 200 2 −18.49 −41.41, 4.43 0.110 0.00 0.58

> 200 2 −17.73 −37.19, 1.74 0.070 0.00 0.62
Insulin (U/L) ≤ 200 1 2.60 0.40, 4.80 0.020

> 200 1 1.30 −0.82, 3.42 0.230
PPG (mg/dL) ≤ 200 1 72.30 25.44, 119.16 0.002

> 200 1 −34.20 −83.34, 14.94 0.170
HbA1c (%) ≤ 200 2 0.00 −1.35, 1.35 0.990 81.40 0.02

> 200 2 −0.47 −1.00, 0.06 0.080 0.00 0.58
TC (mg/dL) ≤ 200 2 −8.87 −25.10, 7.36 0.280 9.40 0.29

> 200 1 −9.90 −34.69, 14.89 0.430
LDL-C (mg/dL) ≤ 200 2 −4.64 −15.64, 6.36 0.410 0.00 0.41

> 200 1 −14.10 −32.56, 4.36 0.130
HDL-C (mg/dL) ≤ 200 2 0.58 −6.13, 7.29 0.860 0.00 0.85

> 200 1 −4.50 −13.68, 4.68 0.330
TG (mg/dL) ≤ 200 2 −32.73 −67.65, 2.18 0.060 0.00 0.74

> 200 1 −3.70 −29.58, 22.18 0.770
WMD, weighted mean difference; CI, confidence interval; FBG, fasting blood glucose; PPG, postprandial glucose; HbA1c, hemoglobin A1c; TG, triglyceride; TC, 
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

Table 3. Subgroup analysis by the duration of treatment with J. regia leaf extract
Metabolic parameter Duration (wk) Effect size WMD 95% CI p value Heterogeneity

I2 (%) p-heterogeneity
FBG (mg/dL) ≤ 8 2 −18.00 −41.24, 5.24 0.130 0.00 0.55

> 8 2 −18.07 −37.35, 1.20 0.070 0.00 0.66
PPG (mg/dL) ≤ 8 1 72.30 25.44, 119.16 0.002

> 8 1 −34.20 −83.34, 14.94 0.170
HbA1c (%) ≤ 8 2 0.19 −0.79, 1.17 0.710 64.20 0.09

> 8 2 −0.64 −1.16, −0.11 0.010 0.00 0.89
TC (mg/dL) ≤ 8 1 −0.60 −23.00, 21.8

> 8 2 −14.17 −31.24, 2.91 0.100 0.00 0.64
LDL-C (mg/dL) ≤ 8 1 −0.40 −15.35, 14.55 0.960

> 8 2 −11.59 −23.78, 0.61 0.060 0.00 0.72
HDL-C (mg/dL) ≤ 8 1 0.80 −6.29, 7.89 0.820

> 8 2 −3.98 −12.38, 4.42 0.350 0.00 0.78
TG (mg/dL) ≤ 8 1 −25.40 −81.65, 30.85 0.380

> 8 2 −12.19 −34.57, 10.18 0.290 38.90 0.20
WMD, weighted mean difference; CI, confidence interval; FBG, fasting blood glucose; PPG, postprandial glucose; HbA1c, hemoglobin A1c; TG, triglyceride; TC, 
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.
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DISCUSSION

We conducted a systematic review to evaluate the effectiveness of JRLE supplementation 
for improving glucose control and lipid profile in T2DM patients. Accordingly, JRLE 
supplementation had no significant effect on TC, LDL-C, and HDL-C; however, it 
significantly reduced FBG and significantly increased ALT (albeit a secondary outcome). 
To the best of our knowledge, this systematic review is the first to have investigated the 
association between JRLE supplementation and improving glucose and lipid profile 
in diabetic patients. Following examination of the extant literature, there is a large 
inconsistency in the results of published studies, thus highlighting the necessity for further 
research to confirm the supplemental effects of JRLE on glucose control and lipid profile in 
T2DM patients. As we mentioned before, a double-blind, placebo-controlled clinical trial 
in 2018 with 50 diabetic patients, did not report any significant effect of 200 mg/day JRLE 
consumption on blood glucose level and HOMA-IR score after 8 weeks. In another double-
blind clinical trial, 76 diabetic patients received combined capsules as herbal medicine which 
20% of that was powder from the walnut leaf. After 12 weeks, levels of fasting, 2-hour PPG, 
and HbA1c decreased significantly compared to the control group [21]. Also, another study in 
2020 showed that consumption of walnut (J. regia) in 90 hyperlipidemic patients after 56 days 
decreased TC, TG, LDL-C, and increased HDL-C, significantly [28].

Increases in PPG, following JRLE supplementation, were more evident in trials with 
intervention durations less than 8 weeks. Indeed, although we did not observe any significant 
effect of JRLE supplementation on serum PPG levels in general, a significant effect on these 
glucose markers was seen for studies with less than 8 weeks of intervention. Moreover, the 
levels of HbA1c were significantly decreased only in studies with an intervention duration 
longer than 8 weeks. Besides study duration, it is evident that JRLE dosages might also play 
a role; indeed, dosages of less than 200 mg per day appeared more efficacious than higher 
doses for increasing insulin and PPG.

We found that JRLE had no significant effect on HbA1cwhen administered for short 
time. It should be noted that JRLE is a rich source of polyunsaturated fatty acid (PUFA); 
therefore, long-term intake of JRLE might have beneficial effects linked to fat deposition and 
hormonal regulatory systems. The exact mechanism by which JRLE affects blood glucose 
and lipids remains unclear, although, in previous studies, the possible mechanisms of JRLE 
in the regulation of inflammatory markers have been investigated. Oxidative stress and 
inflammation-related indicators play a vital role in mediating the insulin resistance, impaired 
insulin secretion, and late diabetic complications [29-31]. The supposed mechanisms of 
JRLE on blood glucose in T2DM were as asserted to be related to the antioxidant components 
present in JRLE, since inflammation and activated innate immunity are important factors in 
the pathogenesis of T2DM [32-34]. Several putative theories have been proposed for the anti-
inflammatory effects of JRLE; for instance, walnut leaves are an excellent source of phenolic 
acids and flavonoids including 3- and 5-caffeoylquinic acids and quercetins [35-38]. Further, 
some authors have also suggested that lower levels of serum glucose and good control of 
hyperglycemia may be manifest following antioxidant activity of phenolic compounds, 
among diabetic patients [39,40]. The flavonoids in JRLE also present significant radical 
scavenging activities [32]; for instance, in a murine model, high glucose concentrations 
decreased following JRLE administration [41].
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Based on experimental studies, an anti-diabetic mechanism of JRLE has been suggested to 
elicit positive effects on absorption of dietary carbohydrates [42], in addition to potentially 
stimulating GLUT-4 to promote glucose consumption by peripheral tissues [43]. Moreover, 
previous studies have emphasized a significant effect of JRLE on glucose and insulin 
metabolism, through β-cells, by increasing the release of insulin from stimulated β-cells [44-46].

In animal-based studies, significant reductions in liver pyruvate carboxykinase activity and 
increased liver glycogen phosphorylase activity, following oral supplementation with walnut 
leaf extract, have been reported [47]. Due to the important role of hepatic factors in glucose 
metabolism, it is considered that walnut may be related to reductions in blood glucose levels 
by inhibiting hepatic gluconeogenesis and stimulating the secretion of pancreatic insulin. It 
is also suggested that dietary walnut might adjust the metabolic markers in diabetic patients 
by improvement in endothelial function [48], whilst Tapsell et al. [49] assert that PUFAs 
in walnuts are the effective component for decreasing FBG, plasma insulin, and HbA1c in 
diabetic patients.

The present study represents the first comprehensive meta-analysis to have examined the 
effect of JRLE supplementation on circulating lipid and glucose concentrations in T2DM 
patients. However, there may be multiple limitations in this study. First, the sample size 
of the included studies was not sufficiently large to confidently detect significant effects. 
Second, the effects of different forms of JRLE supplements were not adequately examined. 
Further investigations are warranted to address questions on efficacy, bioavailability, and 
complete metabolite profiles. Moreover, suitably powered RCTs are needed to establish the 
clinical efficacy and utility of JRLE. Finally, since all of the participants in the current study 
were Iranian, the results are not generalizable to other nations.

CONCLUSION

In conclusion, JRLE supplementation seems to favorably affect serum levels of glucose, as 
well as fasting insulin levels, but it did not influence lipid profile concentrations. This present 
systematic review and meta-analysis may strengthen the available evidence of JRLE as an 
alternative adjunctive therapy to better control glycemic targets and lipid parameters.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Results of risk of bias assessment for randomized clinical trials included in the current meta-
analysis on the effects of J. regia leaf extract supplementation on glycemic and lipid profile 
parameters*

Click here to view
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