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Introduction: The glycemic index (GI) and inflammation are associated with several diseases;

Review Article however, the relationship between GI and inflammation remains unclear. In this systematic review,
the authors hypothesize that GI influences inflammatory biomarkers but can be significantly affected
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Methods: A comprehensive search was made in ScienceDirect, Web of Science, PubMed, Directory of
Open Access Journals (DOAJ), and Google Scholar from 2010 to April 2022 using MESH and un-MESH
keywords. Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) were used.

Results: Out of 24,577 studies, 14, including one master's thesis, were included in this review. Seven

gfirjgi;tijilndex of these studies were conducted on individuals with a disease, six were on healthy or obese
Inflammation individuals without other illnesses, and one focused on pregnant women. IL-6 was measured in 8
Biomarkers studies, TNF-a in 7, CRP in 6, and hs-CRP in 2. Five well-designed studies confirmed that GI can
Carbohydrates influence inflammation, while seven found no association. Several unaddressed confounders and

limitations were identified across the studies. The primary factors affecting the results were dietary
patterns, metabolic factors, and food processing.

Conclusion: Based on the results, evidence supports a slight effect of GI on inflammatory biomarkers.
The bias risk in different studies is high. More studies are required, and this review provides essential
considerations to lower the bias risks for further studies.

» Please cite this paper as:

Eslami K, Meghdadi P, Shadmand Foumani Moghadam MR, Vaezi AM, Rashidipour M, Zarei-Shargh P, Keify F, Rezvani R. The Effect
of Dietary Glycemic Index on Inflammatory Biomarkers: A Systematic Review with Consideration of Confounders. ] Nutr Fast
Health. 2025; 13(3):164-179. DOI: 10.22038/JNFH.2025.82711.1535.

inflammatory blood biomarkers being among the
most crucial (1, 2, 4).

Recent studies have demonstrated that dietary
intake significantly influences pro-inflammatory
processes and the severity of chronic diseases (3,
5-8). Notably, strong associations have been
found between carbohydrate and sugar
consumption, insulin levels, and the risk of
inflammation and chronic diseases (9-11).
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Introduction

Inflammation is a protective biological response
involving the immune system, tissues, and
organs to various harmful stimuli, such as
pathogens, cellular damage, and surgery (1-3).
Overall, inflammation is a key driver of many
diseases (1, 2). Several factors can be used to
assess the severity of inflammation, with
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The glycemic index (GI), introduced by Jenkins et
al. (12) in the 1980s, is a key measure for
assessing the quality of carbohydrates. It is
defined as the degree and duration of blood
glucose elevation following fasting in response to
the consumption of a specific carbohydrate,
compared to a standard (typically glucose or
white bread). The GI is scaled from 0 to 100 and
is categorized into Low GI (<56), Medium GI (56-
69), and High GI (>69) (12-14).

Recent studies have highlighted an association
between dietary GI and various chronic diseases,
particularly diabetes, cardiovascular diseases,
and breast cancer (9, 10, 15-21). Obesity is
another factor that increases the risk of
inflammation in individuals, and some studies
have also shown a significant association
between Gl and weight management (22-25).
Furthermore, the inflammatory effects of GI and
carbohydrate intake have been discussed in
systematic reviews and meta-analyses as
potential mediators of breast cancer (10).
However, a meta-analysis in 2018 found no
significant relationship between GI and
inflammatory cytokines, including CRP, leptin,
IL-6, and TNF-a (26).

Despite some studies indicating a pro-
inflammatory effect of Glycemic Load (GL) (9, 10,
26), the overall impact of GI on inflammation
remains unclear. GL is a measure that estimates
the increase in blood glucose levels after
consuming carbohydrates (9, 10, 26). In other
words, it is still uncertain whether the quality of
carbohydrates contributes to inflammation or if
only the quantity plays a role. While GL estimates
the blood glucose increase after carbohydrate
consumption, it does not fully account for

Table 1. PICO criteria for inclusion of studies in the systematic review

carbohydrate quality. Previous research suggests
that GL is confounded by carbohydrate quantity,
making it an inadequate independent measure
(13). In contrast, GI is independent of
carbohydrate weight, allowing it to more
accurately represent carbohydrate quality (12-
14).

The conflicting results in the existing literature
highlight a significant research gap: while some
studies support the role of GI in promoting
inflammation, others fail to find a significant
correlation between Gl and inflammatory
cytokines such as CRP, leptin, IL-6, and TNF-a
(26). Therefore, this systematic review aims to
evaluate the impact of the Glycemic Index on
inflammatory biomarkers, specifically IL-6, IL-1,
TNF-a, CRP, and hs-CRP, independent of GL. This
review seeks to clarify the association between
carbohydrate quality and inflammation, identify
biases in prior studies, and provide
recommendations for future research. The
authors hypothesize that GI influences
inflammatory biomarkers; however, previous
studies have often overlooked significant
confounders that must be addressed.

Materials and Methods

Search Strategy

The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
were followed for this study. Three independent
researchers (PM, PZSh, and AV) searched
scientific databases, including ScienceDirect,
Web of Science, PubMed, and the Directory of
Open Access Journals (DOAJ), covering the
period from 2010 to April 2022 (Table 1).

PICO component

Description

Population age=18 years old, in any country, with or without a disease
Intervention With low GI or high GI diet pattern or report the GI score of diet (GL studies excluded)
Comparators N/A

Outcomes Reported any changes in IL-6, IL-1, TNF-a, CRP, and HS-CRP

. All original studies on human subjects include: Case-Control Studies, Intervention Studies,
Study design . : .
Cross-sectional studies, cohort studies
Language English, Farsi

GI: Glycemic Index, GL: Glycemic Load, IL-6: Interleukin-6, IL-1: Interleukin-1, TNF-a: Tumor Necrosis Factor Alfa, CRP: C-Reactive

Protein, HS-CRP: High Sensitive C-Reactive Protein, N/A: Not applied

The search timeline was limited based on two
factors: 1) the update to the GI table in 2008 (27)
and 2) a comprehensive discussion by Galland et
al. (9) followed by Milajerdi et al.'s (26) study in

J Nutr Fast Health. 2025; 13(3):164-179.

2010. Additionally, a thorough search was
conducted in Google Scholar from 2010 to April
2022, and relevant articles from this database
were included in the study.
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Search Keywords

In this systematic review, a comprehensive
search strategy was employed, utilizing both
Medical Subject Headings (MeSH) and non-MeSH
keywords tailored to the search protocols of each
database to identify relevant studies on the
relationship between the glycemic index and
inflammation. The search included keywords
such as "Glycemic Index," along with various
MeSH terms related to its epidemiology, etiology,
immunology, physiology, and more, alongside
non-MeSH terms like “glycemic index,” “Gl,” and
“glycaemic indices.” Inflammation-related terms
included both MeSH and non-MeSH keywords
such as "inflammation," inflammatory
biomarkers, specific interleukins (e.g., IL-1, IL-6,
IL-10), tumor necrosis factor (TNF), C-reactive
protein (CRP), and other inflammatory indices
and mediators. To ensure comprehensiveness,
related systematic reviews were consulted, and a
secondary search was performed by a fourth
researcher using a simplified query of (“glycemic
index” OR GI) and “inflammatory biomarkers.”
The search results from all databases were
consolidated, and duplicate articles were
removed. Finally, the findings were
systematically organized into a single
comprehensive file for analysis.

Inclusion and Exclusion Criteria

All clinical trials, case-control studies, cohort
studies, and cross-sectional human studies
published from 2010 to April 2022 that
examined the effect of diet based on GI
(Low/High GI) on inflammatory biomarkers or
inflammation were considered. Studies such as
duplicates, reviews, systematic reviews, meta-
analyses, preprints, open-review manuscripts,
editorial letters, conference abstracts, and short
communications were excluded. Other exclusion
criteria included: 1) studies conducted in
children or animals due to biological and
physiological differences, 2) studies that did not
consider GI as a separate factor from GL, 3)
studies that did not report inflammatory
biomarkers in measurable values, 4) studies
involving interventions other than dietary
patterns, including medical, physical activity,
exercise, or supplementary interventions, 5)
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studies for which the full text was unavailable,
and 6) studies published in languages that the
authors could not read. The main reason for
excluding GL was its potential confounding effect
on inflammation due to the amount of
carbohydrate consumed. Ultimately, only studies
that directly evaluated the effect of GI on
inflammatory biomarkers were included in this
review.

Study Selection

During the study selection process, researchers
independently reviewed all papers, and the final
findings were merged. A total of 24,577 articles
were found in databases and Google Scholar.
Three researchers (KE, PM, and AV) initially
reviewed each article's title and general
information to identify animal studies, children's
studies, and review articles. Meta-analyses,
reviews, letters, systematic reviews, animal
studies, and studies conducted on children were
excluded. The abstracts of 989 papers were
thoroughly reviewed by three reviewers (PM,
PZSh, and KS). Nine hundred and twelve articles
met the exclusion criteria, and seventy-seven
articles were deemed eligible for full-text review,
which was conducted by three reviewers (PZSh,
MR, and MRSh). The final number of relevant
articles suitable for this systematic review was
fourteen. Two judges (FK and RR) were involved
throughout the review process. The review
process was repeated once more by three
reviewers (KE, PM, and AV), and no significant
differences were found between the two rounds.
A full description of this process is provided in
Figure 1.

Risk of Bias Assessment

The Risk of Bias in Non-Randomized Studies of
Interventions (ROBINS) checklist was used to
assess the risk of bias and visualized using the
robvis tool. The assessment is structured around
seven domains: pre-intervention biases (D1:
Confounding), during-intervention biases (D2:
Selection of participants, D3: Classification of
interventions), and post-intervention biases (D4:
Deviation from intended interventions, D5:
Missing data, D6: Measurement of outcomes), as
well as biases in the selection of reported results
(D7: Selection of reported results).

J Nutr Fast Health. 2025; 13(3):164-179.
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Potentially relevant publications
identified and screened: 24577

Articles identified from
reference lists: 2

y

Excluded |
Duplicated: 12994

( Title and Basis

Review : 11585 1

+ Meta analyses, review, letter,

I

I

I

I

I Excluded congress abstract, and systematic

. review: 2987

I « unrelated articles: 7609

; A 4

; Abstract Review: 989

1

- + Unable to read the language:189
Repeated | Excluded « unrelated articles or not reported

. inflammatory biomarkers: 558

| + Animal, in vivo/vitro study: 157

. ¢ Child study: 8

I A

I ( Full Text Review : 77

v

not reported inflammatory
factors or did not consider
GI: 54

Not in English: 3

Not available full-text: §
Child study: 1

Excluded

- —{ Included in the systematic review: 14

v

Characterize by type of Inflammatory
biomarker:

e IL-6:8

¢ TNF-a:8

« CRP:6

* HS-CRP:2

L

Characterize by population classification:

* healthy or obese people without any other
diseases: 6

+ Patients with diabetes mellitus,
cardiovascular diseases (CVD), cystic
fibrosisor polycystic ovary syndrome
(PCOS): 7

* Pregnant women: 1

Figure 1. Flow diagram of study selection. GI: Glycemic Index, GL: Glycemic Load, IL-6: Interleukin-6, IL-1: Interleukin-1, TNF-o:
Tumor Necrosis Factor Alfa, CRP: C-Reactive Protein, HS-CRP: High Sensitive C-Reactive Protein, N/A: Not applied

Results

Of the 14 studies included in this review (28-40)
which also encompassed one MSc thesis (41)
seven studies (28, 29, 32, 33, 36, 37, 39) were
conducted on individuals with diabetes mellitus,
cardiovascular diseases (CVD), and polycystic
ovary syndrome (PCOS). Six studies (30, 31, 34,
38, 40, 41) investigated healthy or obese

J Nutr Fast Health. 2025; 13(3):164-179.

individuals without any underlying diseases, and
one study (35) focused on pregnant women.

Of the reviewed studies, nine (29-36, 40, 41)
evaluated the impact of GI on inflammatory
biomarkers, while five studies (28, 33, 37, 39, 40)
assessed both GI and GL. The inflammatory
markers studied included IL-6 in eight studies
(30,35-41), TNF-a in eight studies (28, 32, 35-38,
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40, 41), CRP in six studies (30, 31, 33, 34, 40, 41) with a comprehensive summary of the findings in
and HS-CRP in two studies (29, 39). The risk of Table 2.
bias for these studies is illustrated in Figure 2,

Risk of bias domains
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D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result. @ Noinformation
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Figure 2. The risk of bias assessment visualized by robvis (visualization tool).
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Among the studies that explored the relationship
between GI and inflammatory biomarkers, five
studies—mainly clinical trials with a total sample
size of 155 and a mean sample size of 31—
identified a significant association between GI
and at least one inflammatory biomarker (35-
39). In contrast, seven studies, primarily
population-based interventions with a total
sample size of 3,300 and a mean sample size of
471, found no significant relationship between GI
and inflammation (28-34). One study observed a
significant association at baseline, but this was
not maintained upon follow-up (37).
Additionally, one study (40) did not perform any
statistical analyses regarding the relationship
between Gl and inflammatory biomarkers.

The findings highlight several important
considerations, including the influence of dietary
patterns on the inflammatory effects of GI, the
significance of study design, and the variability in
GI's impact. While most studies with larger
sample sizes did not find a strong association, a
detailed review suggests that GI may have a
minor effect on inflammation. The heterogeneity
of the studies, methodological differences, and
confounding factors complicate the
interpretation of these results. Despite the
inconclusive evidence, the authors propose a
potential link between GI and inflammation
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while acknowledging the limitations of the
studies reviewed. These limitations should be
carefully considered in future research exploring
the relationship between GI and inflammatory
biomarkers.

Discussion

The reviewed studies generally support the
authors' hypothesis. However, the studies are
heterogeneous, and differences influence their
findings in methodology and confounding
factors. Despite the majority of studies with
larger sample sizes showing no significant
association, a detailed review suggests that GI
may have a minor effect on inflammation.
However, the complexity of GI and the lack of
sufficient studies with consistent findings
prevent us from providing a definitive answer to
this question. In this review, the authors propose
a possible link between GI and inflammation and
outline the main limitations that should be
considered in future studies.

In 2010, findings from a multicenter diet
intervention study reported no significant
differences in CRP levels between groups, both
before and after adjustment (34). However,
further analysis within the study revealed two
completely different effects of GI on CRP—one
positive and one negative—associated with two
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distinct diet patterns. The findings led to the
hypothesis that diet patterns, particularly fat
content, can influence the effect of GI (34). This is
the first confounder identified in the study that
was not adequately addressed. It is worth noting
that the potential effect of food components and
GL on GI and inflammatory responses has been
reported several times before (9, 10, 26).
According to reports from a cohort study, diet
patterns with higher GI scores were associated
with slightly higher TNF-a and CRP levels than
lower GI groups (40). However, no in-group
analysis was performed in this study. A key
finding from this study is that GI may vary
significantly depending on the diet patterns,
supporting previous hypotheses (9, 10, 26). For
example, in this study, diet patterns involving
sweets and desserts had a lower GI than those
involving refined grains and breakfast cereals,
which were believed to have a higher GI (40).
This represents another significant limitation for
studies on GI and GL. Based on the current
research, it is recommended to consider the
population's diet patterns and the consumption
of unhealthy foods—characterized by a higher
inflammatory index and lower Gl—as
confounders. However, it must be acknowledged
that controlling a population's diet in a real-life
environment, which contains multiple
confounders that affect both GI (e.g., diet) and
inflammation (e.g, stress, physical activity,
injuries), is nearly impossible. Therefore, a high
risk of bias can be expected in population-based
and cohort studies investigating GI.

Designing studies with appropriate methodology
that can isolate samples from confounders
presents a significant challenge. While such
studies can provide suitable laboratory
conditions, their main limitations often include
small sample sizes and short follow-up periods.
Some studies with strong methodologies fall into
this category (28, 32, 33). However, three studies
with  well-controlled, low-bias protocols
demonstrated a significant direct relationship
between GI and inflammation despite their small
sample sizes (31, 36, 38). In all of these studies,
participants adhered to a closely monitored diet
during the assessment, highlighting the
importance of controlling confounders over the
sample size (31, 36, 38). Additionally, one study
showed that providing linear graphs for small
sample-sized studies could offer valuable
insights (38). These findings underscore the
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significant impact of confounders on study
results.

In another study with a large population, a 137-
item Food Frequency Questionnaire (FFQ) was
used to assess dietary intake and GI (37). This
study, based on the Brand-Miller GI table (27),
found a significant association between TNF-a
and GI at baseline (P-ANOVA = 0.046) (37).
However, no significant differences were
observed after a one-year intervention between
GI and IL-6 or TNF-a (37). The main reason for
this discrepancy is the study's methodology,
which involved low-inflammatory diet patterns
in the groups (42-44). This study compared two
potential anti-inflammatory diet patterns, which
could have influenced the results. Nonetheless,
the nature of the survey may also have impacted
the findings, similar to previous population-
based studies.

One of the notable findings in the Bahado-Singh
et al. study (29) showed a 38.24% decrease in
HS-CRP levels in the low-intermediate GI group,
compared to a 15.18% decrease in the high GI
group. Despite the decline in both groups, the
reduction in the low-intermediate GI group was
significantly smaller than in the high GI group (p
< 0.05). However, the study did not explain the
anti-inflammatory effect observed in both high
and low-intermediate GI diets. Although both
groups followed the same diet during the
assessment, the decrease in HS-CRP could have
been influenced by other anti-inflammatory
components in the diets. Nevertheless, the low GI
diet demonstrated a more potent anti-
inflammatory effect. The adherence of the
sample population to their diet plan and
environmental factors played a key role in these
findings.

These confounding effects can influence the
current understanding of the topic. Inflammatory
biomarkers are more sensitive than outcomes
like disease incidence, which may explain the
variability in findings. Despite supporting data
on the effect of GI on various diseases (7, 9, 10,
15-21, 45, 46), results on inflammatory
biomarkers vary widely. A meta-analysis shows a
significant difference between low and high GI
groups in CRP levels for both models in obese
individuals with and without diabetes (47). At
the same time, a meta-analysis by Milajerdi et al.
found no inflammatory effect of GI, supporting
the findings of Buyken et al. (26, 48). Conversely,
another study demonstrated an association
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between GI and oxidative stress (49). These
discrepancies highlight the importance of sample
size and the methodology used in selecting
studies for systematic reviews. In general, the
sample size of studies significantly impacts the
weight of findings in  meta-analyses.
Consequently, the results of cross-sectional and
population-based studies, which have limited
control and a higher risk of bias, tend to outweigh
those of controlled interventions. Therefore, it is
recommended that future studies in this field
focus on interventions in individuals within
controlled conditions, with equal carbohydrate
intake and similar characteristics.

Nevertheless, the most significant finding
supporting the association between GI and
inflammation was reported in the study by Yeon-
Soo et al. in 2018 (50). In this study, an
association was found between GI and the
Dietary Inflammatory Index (DII), which was
developed by Dr. Shivappa and Dr. Hebert (51-
54) to assess dietary inflammatory potential.
This study, along with the reported effect of GI on
CRP by Schwingshackl et al. (47), suggests a need
to reconsider the effect of GI on inflammation, as
previously reported by Milajerdi et al. (26).

One of the main weaknesses of the Gl is related to
its nature, which, if not adequately controlled,
increases the risk of bias. Factors such as food
processing, sugar content, other nutrients, food
pH, speed of eating, blood glucose levels, and
insulin levels can all affect the body's GI
response, as illustrated in Figure 3 (12-14, 55-
57). Another significant weakness of the GI is its
food classification pattern (12-14). In this
pattern, some pro-inflammatory foods—such as
pizza (GI=39), fructose (GI=15), chocolate
(GI=40), ice cream (GI=51), soft drinks/soda
(GI=59), and potato crisps (GI=56)—are
classified as low to moderate GI foods, while
some fruits—like pineapple (GI=59), mango
(GI=51), and watermelon (GI=76)—have a
higher GI (12-14). Considering these issues, it is
possible that an unhealthy diet pattern could
have a lower GI than a healthier one, but further
research is needed to confirm this hypothesis.
These factors represent potential confounders
that can influence the results of population-
based studies, although they can be controlled in
isolated conditions.

Sugar-Confiii Dietary
ugar-containing N ‘
InﬂammatOry utrients
>
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Figure 3. The possible direct and indirect confounders of the effect of GI on inflammatory biomarkers

Based on the findings and considering the
limitations, conducting a well-designed GI study
presents several complications that must be
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addressed. Among all food components, it seems
that diet patterns have the most confounding
effect, though further investigation is still needed
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(3, 6,29, 34). Continued follow-ups in controlled
clinical trials, with isolated conditions or
ensuring participants' diet adherence, could also
be beneficial. Additionally, studies to explore the
association between diet patterns and GI are
recommended. To better understand the effect of
GI on inflammation, using more homogenous
populations and controlling for differences in
diet patterns— which can introduce biases—
would provide considerable benefits.
Nevertheless, a dietary pattern high in fruits,
vegetables, fish, poultry, legumes, and whole
grains, and low in red and processed meats,
sweetened beverages, sweets, refined grains, and
fried potatoes, has been linked to lower levels of
inflammatory biomarkers, regardless of GI and
GL (3, 5, 6, 40). Therefore, understanding the
association between GI and inflammation may
benefit clinical settings, particularly in hospitals
and intensive care units. This could inform the
design of oral or enteral formulas to control
inflammation and glycemic responses in these
settings and for sensitive patients who need to
follow specific diets at home.

The strength of this study lies in the perspectives
of the reviewers. At each step, at least two
researchers with differing opinions reviewed the
studies, providing a fresh perspective and
potential hypotheses for further research.
However, the main weaknesses of this study are
related to the nature of GI and the lack of
sufficient studies. Another limitation was the
absence of statistical analysis. Nevertheless, the
authors recognized that the current findings on
GI are not suitable or homogenized for this
purpose. Given the unclear effect of dietary
patterns in the reviewed studies, any analysis
could introduce bias, though it may still provide
a statistically specific answer to this issue.

Conclusion

Despite research in this field, the findings of
studies remain inconsistent, and numerous
confounders can affect the results. There is
evidence supporting a slight effect of GI on
inflammatory biomarkers. Based on the available
evidence, diet and underlying factors can
significantly influence the relationship between
GI and inflammation. However, further research
is needed to establish a clear link between GI and
inflammation. Specifically, studies should focus
on homogenized populations with similar diet
patterns, and continuous monitoring through
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follow-up studies is recommended. Given the
previous meta-analyses on this subject, it is likely
that diet-related biases, which are not
statistically recognized, may have influenced the
findings.
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