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Abstract

Cardiovascular disease is a leading cause of global morbidity and mortality, and processed
meat consumption has been consistently associated with adverse cardiometabolic outcomes
in observational studies. However, processed meat products differ substantially in compo-
sition and processing methods, and traditional dry-cured ham presents distinct nutritional
and biochemical characteristics. This systematic review and meta-analysis aimed to syn-
thesize evidence from human intervention studies evaluating the effects of dry-cured ham
consumption on cardiometabolic and vascular health in adults. A comprehensive search of
major databases identified eligible randomized and non-randomized intervention studies.
Five trials were included in the qualitative synthesis, and meta-analyses were performed for
blood pressure, lipid profile, and fasting blood glucose outcomes when sufficient data were
available. The pooled analyses indicated a small but statistically significant reduction in
diastolic blood pressure and total cholesterol associated with dry-cured ham consumption,
whereas no significant effects were observed for systolic blood pressure, LDL cholesterol,
HDL cholesterol, triglycerides, or fasting blood glucose. Substantial heterogeneity was
present across most outcomes. Overall, the available intervention evidence suggests that
dry-cured ham consumption at doses ranging from 40 to 120 g/day does not appear to
adversely affect conventional cardiometabolic risk markers in adults. Nevertheless, the
limited number and short duration of trials warrant cautious interpretation.

Keywords: dry-cured ham; processed meat; cardiometabolic health; blood pressure; lipid
profile; food matrix; meta-analysis

1. Introduction

Cardiovascular disease (CVD) represents the leading cause of mortality and disability
worldwide and constitutes a major global public health challenge. According to the
Global Burden of Disease (GBD) 2019 study, CVD accounts for a substantial proportion of
premature deaths and years lived with disability, with cardiometabolic risk factors such
as elevated blood pressure, dyslipidemia, impaired glucose metabolism and chronic low-
grade inflammation playing a central role in its etiology and progression [1]. Importantly,
GBD analyses have consistently identified dietary risk factors as major contributors to
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cardiometabolic morbidity and mortality across regions and populations, highlighting diet
as a cornerstone in both prevention and risk-reduction strategies [2,3].

Within this context, processed meat consumption has been repeatedly examined in
epidemiological research and evidence syntheses, with several systematic reviews and
meta-analyses reporting associations between higher processed meat intake and increased
risk of cardiovascular disease, type 2 diabetes and all-cause mortality [4,5]. For example,
in pooled cohort analyses, each additional two servings of processed meat per week was
associated with a 7% higher risk of incident cardiovascular disease [5]. These associations
have informed dietary guidelines that generally recommend limiting processed meat
intake as part of cardiometabolic disease prevention. Nevertheless, some reviews have
highlighted that the health effects traditionally attributed to processed or red meat may
be partly confounded by substantial heterogeneity in meat composition rather than meat
intake alone. For instance, Smith et al. [6] reported that interventions using high-oleic acid
ground beef did not increase cardiovascular disease risk factors and, in several human
trials, were associated with increases in high-density lipoprotein cholesterol, comparable
to those observed with high-oleic acid oils. These findings suggest that differences in
fatty acid profiles, particularly in the relative content of oleic acid, saturated fatty acids
and trans fatty acids, may contribute to the inconsistent associations observed across
epidemiological studies.

Importantly, the broad classification of processed meats encompasses products with
markedly different production methods, food matrices and nutritional profiles. Traditional
dry-cured hams, such as Spanish serrano and Iberian ham, differ substantially from in-
dustrially processed meats in terms of curing duration, absence of thermal processing
and endogenous biochemical changes occurring during maturation [7]. Iberian ham is
obtained from the autochthonous Iberian pig (Sus scrofa), whereas serrano ham is produced
from commercial white pig crosses and manufactured through traditional salting and long-
term dry-curing processes recognized under the European Union Protected Geographical
Indication quality scheme [8]. Reviews focusing on meat processing and structure have
emphasized that prolonged curing promotes proteolysis and peptide generation while
preserving the integrity of the muscle food matrix, potentially resulting in physiological
effects distinct from those of restructured or highly processed meat products [7,9]. These
characteristics suggest that treating dry-cured ham as nutritionally equivalent to other
processed meats may obscure relevant food-specific effects.

A further distinguishing feature of dry-cured ham is its lipid composition, particularly
the relatively high proportion of monounsaturated fatty acids, with oleic acid being the
predominant fatty acid. Evidence from systematic reviews and meta-analyses indicates that
dietary patterns richer in monounsaturated fatty acids and the substitution of saturated fatty
acids with unsaturated fats are generally associated with more favorable cardiometabolic
risk profiles [10,11]. This pattern has been observed particularly for lipid parameters and
other cardiovascular risk markers. These findings provide biological plausibility for the
differential cardiometabolic effects of dry-cured ham compared with processed meats
characterised by higher saturated fat content.

Beyond its fatty acid profile, dry-cured ham has gained increasing attention as a
source of bioactive peptides generated during the curing process through endogenous
enzymatic activity. Recent comprehensive reviews have described the presence of peptides
with potential angiotensin-converting enzyme inhibitory, antioxidant and endothelial-
modulating properties in dry-cured ham, supporting mechanistic pathways relevant to
blood pressure regulation and vascular health [7,9]. This emerging body of evidence
reinforces the need to consider dry-cured ham not merely as a source of sodium or fat,
but as a complex food matrix with potential functional properties. However, the human
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intervention studies included in the present review did not directly quantify circulating
ham-derived peptides or assess their in vivo activity after consumption.

In parallel, advances in processing technology have led to the development of dry-
cured hams with reduced nitrate and nitrite content, addressing longstanding concerns
regarding the formation of N-nitroso compounds [12,13]. Contemporary reviews of nitrite
and nitrate use in meat processing highlight ongoing reformulation strategies aimed at
reducing additive exposure while maintaining microbiological safety and product quality,
particularly in traditionally cured products [14]. These developments further contribute to
the evolving nutritional profile of dry-cured ham and may influence its cardiometabolic
and vascular effects.

Despite these distinctive characteristics, most observational studies and meta-analyses
continue to aggregate dry-cured ham with other processed meat products, potentially
masking food-specific associations [15]. In contrast, several human studies have directly
evaluated dry-cured ham consumption under controlled dietary conditions, reporting
neutral or potentially beneficial effects on cardiometabolic and vascular outcomes such
as blood pressure, lipid profile and endothelial function [16,17]. However, the available
evidence remains fragmented and heterogeneous and has not yet been systematically
synthesised with a specific focus on dry-cured ham as a whole food.

In this context, a systematic review enables the available intervention studies to be
examined in a structured and transparent way, taking into account differences in study
design, comparator foods, intervention duration, and outcomes assessed. When possible,
meta-analysis adds a quantitative component by integrating results across studies and
helping to determine whether the observed findings point in a consistent direction. This
approach is especially relevant here, where the evidence remains limited and scattered
across a small number of human studies.

To our knowledge, no systematic review and meta-analysis has specifically synthesized
human intervention studies focusing on dry-cured ham consumption. Therefore, the
present systematic review aims to evaluate the effects of dry-cured ham consumption on
cardiometabolic and vascular markers in adults, including blood pressure and lipid profile
as primary outcomes and endothelial function, inflammatory biomarkers, and oxidative
stress as secondary outcomes.

2. Materials and Methods
2.1. Study Design and Protocol Registration

This systematic review was designed and conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines [18].
A predefined protocol describing the objectives, eligibility criteria, outcomes, and planned
analyses was prospectively registered in the International Prospective Register of Systematic
Reviews (PROSPERO) under the registration number CRD420261321334.

2.2. Eligibility Criteria

The present review aimed to synthesize the available evidence from human interven-
tion studies evaluating the health effects of cured ham consumption. Eligibility criteria were
defined a priori according to the PICOS framework [19], which specified the following ele-
ments: Population, adults aged 18 years or older, including healthy individuals and those
with mild cardiometabolic risk factors; Intervention, consumption of cured ham as a whole
food, including dry-cured varieties such as Iberian ham or Spanish serrano ham; Compara-
tor, usual diet, diets excluding cured ham, substitution with other meat or protein products,
or baseline values in non-randomized studies; Outcomes, cardiometabolic and vascular
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health markers; and Study design, randomized controlled trials and non-randomized
prospective intervention studies.

Eligible participants were adults aged 18 years or older, including healthy individuals
and adults presenting mild cardiometabolic risk factors, such as prehypertension, border-
line hypertension, mild dyslipidemia, or low to moderate cardiovascular risk. Studies
conducted in community-dwelling adults, older populations, or primary care settings were
considered eligible, provided that participants did not present established cardiovascular
disease or severe chronic conditions at baseline.

The intervention of interest was the consumption of cured ham, including dry-cured
ham varieties, such as Iberian ham or Spanish serrano ham, administered as part of
the habitual diet and consumed as a whole food. Studies evaluating cured ham within
controlled dietary interventions, regardless of dose or duration, were eligible. Interven-
tions based on isolated compounds, supplements, or extracts derived from cured ham
were excluded.

Eligible comparators included usual diet, diets excluding cured ham, or substitution
with other protein or meat products (e.g., cooked ham or fresh meat). In non-randomized
intervention studies, baseline values prior to cured ham consumption were accepted
as comparators.

The outcomes of interest included cardiometabolic and vascular health markers, such
as blood pressure, lipid profile parameters, endothelial function, inflammatory biomark-
ers, oxidative stress markers, and global cardiovascular risk scores. Studies were re-
quired to report at least one relevant health-related outcome measured before and after
the intervention.

Randomized controlled trials (parallel or crossover designs) and non-randomized
prospective intervention studies were eligible for inclusion. Observational studies with-
out dietary intervention, cross-sectional studies, narrative reviews, editorials, conference
abstracts, animal studies, and in vitro studies were excluded.

2.3. Information Sources and Search Strategy

A comprehensive literature search was performed in the electronic databases
PubMed /MEDLINE, Web of Science, Scopus, and the Cochrane Central Register of Con-
trolled Trials (CENTRAL) from inception to the most recent search date. The search strategy
combined controlled vocabulary terms and free-text keywords related to cured ham con-
sumption and health outcomes. The complete search strategies for all databases are detailed
in Table S1.

Search terms included combinations of the following concepts: “cured ham”, “dry-
cured ham”, “Iberian ham”, “jamén serrano” combined with terms related to cardiovascular,
metabolic, inflammatory, and oxidative stress outcomes, such as “blood pressure”, “hyper-
tension”, “endothelial function”, “lipid profile”, “cardiovascular risk”, “inflammation”,
and “oxidative stress”. Search strategies were adapted to the syntax and indexing terms of
each database.

In addition, the reference lists of all included articles and relevant reviews were
manually screened to identify any additional eligible studies not captured through the

electronic search.

2.4. Study Selection

All records retrieved from the database searches were imported into reference man-
agement software, and duplicate entries were removed. Two reviewers (D.V.-M. and
A.M.G.-M.) independently screened titles and abstracts to assess eligibility. Studies consid-
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ered potentially relevant were retrieved in full text and evaluated against the predefined
inclusion and exclusion criteria.

Discrepancies between reviewers at any stage of the selection process were resolved
through discussion and consensus. When agreement could not be reached, a third reviewer
was consulted.

2.5. Data Extraction

Data extraction was performed independently by one reviewer (M.H.-L.) and sub-
sequently verified by a second reviewer to ensure accuracy (D.V.-M.). The following
information was extracted from each included study: author and year of publication, coun-
try, study design, sample size, participant characteristics, details of the intervention (type of
cured ham, dose, frequency, and duration), comparator characteristics, outcomes assessed,
methods of outcome measurement, and main results.

When required data were unclear or not fully reported, attempts were made to infer
values from the published data or Supplementary Materials.

2.6. Risk of Bias Assessment

The methodological quality and risk of bias of the included studies were assessed
using validated tools according to study design. Randomized controlled trials were eval-
uated using the Cochrane Risk of Bias tool (RoB 2.0) [20,21], which assesses potential
sources of bias across predefined domains, including bias arising from the randomization
process, deviations from intended interventions, missing outcome data, measurement of
the outcome, and selection of the reported result. Each domain was judged as presenting a
low risk of bias, some concerns, or a high risk of bias, and an overall risk of bias judgment
was assigned to each trial.

For non-randomized intervention studies, the Risk Of Bias In Non-randomized
Studies of Interventions (ROBINS-I) tool was applied [22,23]. This tool evaluates bias
due to confounding, selection of participants, classification of interventions, deviations
from intended interventions, missing data, measurement of outcomes, and selection of
the reported result, allowing a structured assessment of internal validity in the absence
of randomization.

Risk of bias assessments were conducted independently by two reviewers
(D.V.-M. and A M.G.-M.). Any discrepancies in judgments were resolved through dis-
cussion and consensus, and when necessary, consultation with a third reviewer (M.H.-L.)
was undertaken to reach agreement.

2.7. Data Synthesis and Statistical Analysis

A formal data synthesis was planned. Quantitative synthesis (meta-analysis) was
conducted when at least two randomized controlled trials reported comparable outcomes.
Meta-analyses were performed for lipid profile, fasting blood glucose, and blood pressure
parameters when sufficient data were available.

For continuous outcomes, pooled effect estimates were calculated using mean differ-
ences (MDs) when identical measurement methods were used across studies, or standard-
ized mean differences (SMDs) when potential differences in measurement methods could
not be ruled out, with corresponding 95% confidence intervals (ClIs).

For parallel-group trials, treatment effects were calculated as the difference in pre-
post changes between intervention and control groups. For crossover trials, treatment
effects were preferentially extracted from the authors” adjusted models, accounting for
period and sequence effects. When such adjusted estimates were not available, effects
were derived from pre-post change scores by intervention and treated analytically as
parallel comparisons.
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For outcomes requiring estimation of the variance of change scores, within-subject
correlations were taken into account. In the absence of reported correlation coefficients,
a within-subject correlation coefficient of r = 0.8 was assumed in the primary analysis.
Sensitivity analyses using alternative correlation assumptions (r = 0.5) were conducted to
assess the robustness of the findings.

Statistical heterogeneity was assessed using Cochran’s Q test and quantified
using the I? statistic. Random-effects models were applied to account for between-
study heterogeneity.

Outcomes not suitable for meta-analysis because of heterogeneity in outcome defini-
tions, measurement methods, or a limited number of studies (e.g., endothelial function,
inflammatory biomarkers, oxidative stress markers, and cardiovascular risk scores) were
synthesized narratively using a structured qualitative approach.

Statistical analyses were performed using Stata software (version 19.5; StataCorp,
College Station, TX, USA), and statistical significance was set at p < 0.05.

3. Results
3.1. Study Selection

A total of eight full-text articles were assessed for eligibility. Following detailed evalu-
ation, five clinical trials [24-28] met the predefined inclusion criteria and were included in
the qualitative synthesis (Figure 1). Two publications [16,25] derived from the same ran-
domized crossover cohort (BACCHUS project) were integrated to avoid double-counting
of participants.

Identification of studies via databases and registers

Records removed before
s Records identified from: screening.
= Databases (n = 273) Duplicate records removed
E Pubmed (n = 34) > (n=105)
= SCOPUS (n=72) Records marked as ineligible
= Cochrane Library (n = 15) by automation tools (n = 0)
= Web of Science (n = 152) Records removed for other
reasons (n = 0)
\ 4
Records screened N Records excluded
(n=168) (n=160)
o
£
:
3 \4
Re90ns assessed for eligibility — | Reports excluded:
(n=8) Duplicated (n = 1)
Conference Abstract (n = 1)
Observational study (n = 1)
v
] Studies included in systematic review
= (n=5)
© Reports included in meta-analysis
£ (n=3)

Figure 1. PRISMA 2020 flow diagram of the study selection process.
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The included studies were published between 2003 and 2022 and comprised random-
ized controlled trials (parallel and crossover designs), one prospective quasi-experimental
study, and one non-randomized dietary intervention. After full-text assessment, several
studies were excluded for specific reasons: one publication by Montoro-Garcia et al. was
excluded because it was published solely as a conference communication [29], another
study by Montoro-Garcia et al. [16] was excluded due to duplication of the study pop-
ulation, and the study by Mora et al. [30] was excluded because it did not involve a
dietary intervention.

3.2. Study Characteristics

Across the five included intervention studies, a total of 315 participants were enrolled.
Sample sizes ranged from 21 to 102 individuals. The pooled, sample-size-weighted mean
age was 45 years, although one study specifically targeted older adults with a mean age of
approximately 71 years. Sex distribution varied substantially across studies, with female
participation ranging from 18% to 77%. Overall, women represented approximately 49% of
participants in studies reporting sex distribution.

All studies were conducted in Spain. The interventions evaluated Iberian dry-
cured ham obtained from pigs raised under different feeding systems (acorn-fed or
feed-fed) and consumed as a whole food, with daily doses ranging from 40 g to
120 g. Intervention duration ranged from acute 4-week crossover periods to 8-week
parallel interventions.

Three studies were randomized controlled trials (two crossover and one
parallel) [24,25,27], one was a prospective quasi-experimental intervention [28], and one
was a non-randomized dietary substitution study in older adults [26].

The main characteristics of the included studies are summarized in Table 1.

3.3. Effects of Dry-Cured Ham on Cardiometabolic and Vascular Outcomes
3.3.1. Blood Pressure and Hemodynamic Parameters

Four studies evaluated blood pressure outcomes. In the BACCHUS crossover trial [25],
consumption of 80 g/day of dry-cured ham rich in bioactive peptides for four weeks
did not adversely affect office blood pressure or 24-h urinary sodium excretion com-
pared with cooked ham. No clinically relevant increases in systolic or diastolic blood
pressure were observed, suggesting that moderate intake of dry-cured ham did not
adversely affect blood pressure in prehypertensive individuals. In contrast, Montoro-
Garcia et al. [24] reported significant reductions in 24-h ambulatory systolic and diastolic
blood pressure during the dry-cured ham intervention period compared with the control
(cooked ham) period in adults with cardiometabolic risk factors. The magnitude of re-
duction was modest but statistically significant and was observed in both daytime and
nighttime measurements.

Mayoral et al. [26], in a non-randomized intervention among older adults, reported
a significant reduction in mean arterial pressure during the six-week ham substitution
period compared with the basal diet phase. Although the small sample size and non-
randomized design limit internal validity, these findings suggest potential hemodynamic
benefits in older populations. Finally, Saban-Ruiz et al. [27] did not observe significant
changes in clinical blood pressure values in healthy adults following six weeks of Iberian
cured-ham consumption.

Taken together, the evidence suggests that moderate consumption of dry-cured Iberian
ham does not worsen blood pressure and may be associated with modest reductions in
ambulatory or mean arterial pressure in specific populations.
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Table 1. Characteristics of the included studies.
Author . . . N Age . Biological
(Year) Country Study Design Duration Population (% Female) (Years) Intervention Comparator Outcomes Sample
Mean arterial
pressure (MAP); total
Non- antioxidant
randomized, o substances (TAS);
Substitution .
open-label, 6 weeks 0f 120 ¢/da glutathione reductase
Mayoral single-arm ham diet + meat ‘/:(7;1 th Y Basal diet (GR); glutathione Blood (plasma
etal. (2003) Spain  pre-post Older adults 21 (38.1) 71 (before/ peroxidase (GPx); and erythrocyte-
. . 6 weeks post- acorn-fed . :
[26] intervention . . . after) superoxide dismutase related markers)
. intervention Iberian ham ..
(sequential (120 g/ day) (SOD); lipid
reversal §/day peroxidation
design) (thiobarbituric acid
reactive substances,
TBARS)
SCORE cardiovascular
risk; lipid profile (TC,
Maérquez- Prospective Healthy 100% Baseline/ LDL-c, HDL-c, TG); Fasting blood
Contreras . quasi- adults acorn-fed habitual blood pressure; biochemistry
et al. (2018) Spain experimental 8 weeks without 100 (64) 421496 Iberian ham, diet (pre- anthropometry; + clinical
[28] (pre-post) CVD/diabetes 40 g/day intervention) inflammation-related measures
biochemistry
(e.g., CRP)
Blood pressure; 24 h
sodium excretion; lipid
Adults with profile al}d fasting Venous blood
. . Dry-cured glucose; inflammatory  (plasma ELISA);
Martinez- Randomized, 4 weeks + elevated .. .
Sanchez placebo- 2-week blood ham rich in Cooked biomarkers (e.g., IL-6,  whole blood
Spain 38 (18.0) 443 £5.3 Dbioactive ham, MCP-1); platelet flow cytometry
etal. (2017) controlled, washout + pressure . L .
. peptides, 100 g/day activation (P-selectin, (platelet/
[25] crossover trial 4 weeks (SBP > 125
mmHg) 80 g/day PAC-1 after ADP monocyte
stimulation); monocyte markers)

activation markers by
flow cytometry
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Table 1. Cont.
Author . . . N Age . Biological
(Year) Country Study Design Duration Population (% Female) (Years) Intervention Comparator Outcomes Sample
24 h ambulatory
Adults with BP (S].BP/DB.P f:lay
and night); lipid lood (fasti
Randomized 28 days + normal-to- Dry-cured profile; fasting Blood (fasting
Montoro- lacebo- ! 2-week high blood ham, Cooked lucos,e Jinsulin- biochem-
Garciaetal. Spain p pressure or 54 (35.0) 490+103 80g/day ham, & istry /hormones)
controlled, washout + ) related outcomes
(2022) [24] . mild car- (>12 months 100 g/day . : + ambulatory BP
crossover trial 28 days . . . (including HOMA- o
diometabolic proteolysis) . monitoring
. IR); appetite
risk
hormones
(ghrelin, leptin)
Endothelial function
biomarkers (including
6 weeks Diet plasminogen activator Blood (endothe-
Saban-Ruiz Randomized, (+6-week Health Iberian without inhibitor-1, PAI-1); lial / oxidative
etal. (2017) Spain  open-label, follow-up in y 102 (76.8) 40.2 £ 8.7 cured-ham, . microvascular markers) and
. . . adults Iberian .
[27] parallel trial intervention 50 g/day vasodilatory response  vascular
cured-ham 4 . . .
group) to hyperemia; arterial ~ function testing

stiffness; clinical
parameters

Abbreviations: ADP (adenosine diphosphate), BP (blood pressure), CRP (C-reactive protein), ELISA (enzyme-linked immunosorbent assay), GR/GPx/SOD (glutathione reduc-
tase/glutathione peroxidase/superoxide dismutase), HDL-c (high-density lipoprotein cholesterol), HOMA-IR (homeostasis model assessment of insulin resistance), LDL-c (low-density
lipoprotein cholesterol), MAP (mean arterial pressure), SBP/DBP (systolic/diastolic blood pressure), TAS (total antioxidant substances), TBARS (thiobarbituric acid reactive substances),
TC (total cholesterol), TG (triglycerides).
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3.3.2. Lipid Profile and Cardiometabolic Markers

Three studies assessed lipid outcomes. Marquez-Contreras et al. [28], in a prospective
quasi-experimental study of 100 healthy adults, reported improvements in lipid param-
eters after eight weeks of consuming 40 g/day of acorn-fed Iberian ham. Specifically,
high-density lipoprotein cholesterol (HDL) increased, while low-density lipoprotein choles-
terol (LDL) and triglycerides decreased. No significant changes were observed in global
cardiovascular risk (SCORE), body weight, or blood pressure.

In the BACCHUS crossover trial [25], total cholesterol and LDL cholesterol decreased
following the dry-cured ham intervention compared with the cooked ham control, and
basal glucose levels were modestly reduced.

Similarly, Montoro-Garcia et al. [24] observed a reduction in total cholesterol during
the dry-cured ham period compared with the cooked ham period in individuals with
cardiometabolic risk. However, no significant differences were found for fasting glucose,
insulin, or HOMA-IR between treatment periods.

Overall, available data indicate that moderate dry-cured ham consumption does
not adversely affect lipid parameters. Across individual studies, favorable changes were
reported for total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides, although
these findings were not fully consistent across trials.

3.3.3. Endothelial Function and Vascular Biomarkers

Endothelial and vascular outcomes were primarily evaluated in Saban-Ruiz et al. [27].
In this randomized parallel trial, six weeks of Iberian cured-ham consumption resulted in a
significant reduction in plasminogen activator inhibitor-1 (PAI-1), a biomarker associated
with endothelial dysfunction. Additionally, microvascular vasodilatory response to hyper-
emia improved in the intervention group compared with controls. These findings suggest
a favorable effect on early vascular function markers.

In the BACCHUS cohort [25], inflammatory and platelet activation markers were
assessed. Dry-cured ham consumption was associated with reductions in certain inflamma-
tory cytokines, including MCP-1 and IL-6 (borderline in some analyses), as well as reduced
platelet activation following ADP stimulation. Changes in monocyte activation markers
were also reported, indicating potential modulation of immune-endothelial interactions.

Collectively, these findings suggest that dry-cured ham may exert biological effects
beyond conventional lipid parameters, potentially influencing endothelial function and
inflammatory pathways.

3.3.4. Oxidative Stress and Antioxidant Status

Mayoral et al. [26] evaluated oxidative stress markers in older adults and re-
ported increases in total antioxidant substances and antioxidant enzyme activities (in-
cluding superoxide dismutase, glutathione peroxidase, and glutathione reductase) dur-
ing the ham intervention period. Concurrently, plasma lipid peroxidation markers
(TBARS) decreased.

Although derived from a small, non-randomized study, these findings support the
hypothesis that acorn-fed Iberian ham may influence oxidative stress balance, possibly
owing to its lipid composition and other bioactive characteristics. No other included trials
directly assessed systemic oxidative stress biomarkers.

3.4. Quantitative Synthesis (Meta-Analysis)
3.4.1. Effects on Lipid Profile

The pooled analysis showed a statistically significant reduction in total cholesterol
levels in the intervention group compared with the control group (Figure 2A), with a
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mean difference of —5.37 mg/dL (95% CI: —10.33 to —0.41; p < 0.03). Between-study
heterogeneity was observed (T2 =17.14; 12 = 98.35%; p <0.001). For LDL, the pooled effect
estimate did not indicate a statistically significant difference between intervention and
control groups (Figure 2B), as the mean difference was —1.96 mg/dL (95% CI: —5.43 to
1.52; p = 0.27), with heterogeneity observed across studies (1% = 8.41; I? = 97.78%; p < 0.001).
No statistically significant differences were observed for HDL (Figure 2C), with a pooled
mean difference of 0.83 mg/dL (95% CI: —3.49 to 5.15; p = 0.71; 2 = 14.39; I? = 99.65%;
p <0.001). Likewise, the meta-analysis did not demonstrate a significant effect of the inter-
vention on triglyceride levels (Figure 2D). The pooled mean difference was —2.71 mg/dL
(95% CI: —14.39 to 8.97; p = 0.65), with heterogeneity observed (t? = 91.77; 12 = 97.24%;
p <0.001).

(A) Effect Size Weight ( B) Effect Size Weight
Study with 95% Cl (%)  Study with 95% Cl (%)
T
Martinez-Sachez et al., 2017 —— H -11.27 [ -16.68, -5.86] 25.88 Martinez-Sachez et al., 2017 —&— | -5.57 [ -9.27, -1.87] 26.20
Montoro-Garcia et al., 2022 | | -4.92[ -578, -4.06] 36.96 Montoro-Garcia et al., 2022 3. 0.97[ 0.24, 1.70] 36.74
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Figure 2. Forest plots of the effects of the intervention on lipid profile parameters: (A) Total
cholesterol [24,25,27]; (B) low-density lipoprotein cholesterol [24,25,27]; (C) high-density lipopro-
tein cholesterol [24,25,27]; and (D) triglycerides [24,25,27]. Effect estimates are expressed as mean
differences with 95% confidence intervals.

Sensitivity analyses using an alternative within-subject correlation assumption
(r =0.5) yielded results consistent with the primary analyses, with no relevant changes
in the direction or statistical significance of the pooled estimates for lipid outcomes
(Supplementary Figure S1).

3.4.2. Effects on Blood Pressure

The pooled analysis did not show a statistically significant effect of the intervention
on systolic blood pressure compared with the control group (Figure 3A). The overall
mean difference was —1.46 mmHg (95% CI: —3.83 to 0.91; p = 0.23), and between-study
heterogeneity was observed (1% = 4.17; 1> = 99.16%; p < 0.001). In contrast, the pooled
analysis for diastolic blood pressure indicated a statistically significant reduction associated
with the intervention compared with the control group (Figure 3B), with a mean difference
of —1.64 mmHg (95% CI: —3.13 to —0.15; p < 0.03). Heterogeneity was observed across
studies (T2 = 1.62; 12 = 98.93%; p < 0.001). Sensitivity analyses using an alternative within-
subject correlation coefficient yielded results comparable to those of the primary analyses,
with no change in the overall conclusions (Supplementary Figure S2).
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Figure 3. Forest plots of the effects of the intervention on blood pressure parameters. (A) Systolic
blood pressure [24,25,27] and (B) diastolic blood pressure [24,25,27]. Effect estimates are expressed as
mean differences with 95% confidence intervals.

3.4.3. Effect on Fasting Blood Glucose

For fasting blood glucose levels, the pooled analysis did not show a statistically
significant effect of the intervention compared with the control group (Figure 4). The
estimated mean difference was —2.18 mg/dL (95% CI: —4.87 to 0.52; p = 0.11), with
heterogeneity across studies (1> = 4.60; I? = 97.22%; p < 0.001). Applying an alternative
within-subject correlation assumption yielded results comparable to those of the primary
analysis. The pooled effect estimate remained virtually unchanged (mean difference:
—2.17 mg/dL, 95% CI: —4.87 to 0.53; p = 0.11), with no relevant changes in the direction or
statistical significance of the findings (Supplementary Figure S3).

Effect Size Weight
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Figure 4. Forest plot of the effects of the intervention on fasting blood glucose [24,25,27]. Effect
estimates are expressed as mean differences with 95% confidence intervals and were pooled using
random-effects models.

3.5. Risk of Bias

The methodological quality of the included RCTs was assessed using the RoB 2 tool,
applying the version specific to parallel-group or crossover designs, as appropriate.
Overall, all included RCTs were judged as having some concerns regarding risk of bias
(Figures 5 and 6). In the crossover trials, the main source of uncertainty was related to
selective reporting, as a fully accessible study registration or pre-specified analysis proto-
col was not available. In contrast, the remaining domains, including the randomization
process, deviations from the intended interventions, missing outcome data, and outcome
measurement, were generally judged to be at low risk of bias. In the parallel-group trial,
additional concerns arose from the open-label design and the lack of explicit reporting of
intention-to-treat analyses, although no critical sources of bias were identified.
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Figure 5. Risk of bias assessment of crossover randomized controlled trials using the RoB 2 tool [24,25].
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Figure 6. Risk of bias assessment of parallel-group randomized controlled trials using the RoB
2 tool [27].

The methodological quality of non-randomized intervention studies was evaluated
using the ROBINS-I tool. Both non-randomized studies were judged to be at serious risk
of bias overall (Figure 7), primarily driven by confounding inherent to their uncontrolled
designs. In particular, the absence of a concurrent control group and the potential influence
of time-related factors limited causal inference. Despite these limitations, the studies pro-
vided complementary evidence and were therefore retained, with their findings interpreted

cautiously.
. . Risk of bias in Risk of bias in selection ., . Risk of bias in Risk of bias in
Risk of bias due to tedrnet - ) Risk of bias due to . .
Study 5 classification of of participants into the ey measurement of the selection of the Overall Bias
confounding . N N missing data
interventions study (or analysis) outcome reported result
Marquez-Contreras et al., 2018 Serious Low Moderate Low Low Moderate Serious
Mayoral et al., 2003 Serious Low Moderate Low Moderate Moderate Serious

Figure 7. Risk of bias assessment of non-randomized intervention studies using the ROBINS-I
tool [26,28].
4. Discussion

This systematic review and meta-analysis synthesized evidence from five human inter-
vention studies evaluating the effects of dry-cured ham consumption on cardiometabolic
and vascular health in adults. Overall, the quantitative synthesis indicated a small but
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statistically significant reduction in diastolic blood pressure and a modest decrease in
total cholesterol, while no significant effects were observed for LDL cholesterol, HDL
cholesterol, triglycerides, or fasting blood glucose when compared with control interven-
tions. Given the small magnitude of the observed effects and the substantial between-
study heterogeneity, these findings should be interpreted with caution. Nonetheless, the
available evidence suggests that moderate consumption of Iberian dry-cured ham does
not adversely affect conventional cardiometabolic risk markers and may be associated
with modest improvements in selected hemodynamic and lipid parameters in specific
adult populations.

From a broader perspective, these findings differ from the adverse associations gen-
erally reported for processed meat consumption in large observational cohort studies, in
which higher intakes of processed or red meat have been linked to increased risks of cardio-
vascular disease, type 2 diabetes, and hypertension. Importantly, the present results derive
from controlled intervention studies focusing specifically on dry-cured ham as a distinct
food product, rather than on heterogeneous categories of processed meats. The observed
neutral-to-modest effects are biologically plausible in light of the specific nutritional and
biochemical characteristics of dry-cured ham, including its relatively high monounsatu-
rated fatty acid (MUFA) content and the presence of curing-generated peptides described
in the product literature. However, the human intervention studies included in the present
review did not directly quantify circulating ham-derived peptides or assess their in vivo
activity after consumption. Therefore, any contribution of these peptides to the observed
cardiometabolic effects should be regarded as mechanistically plausible but not directly
demonstrated. Taken together, these findings reinforce the concept that processed meats
are not nutritionally homogeneous. Food-matrix characteristics and processing methods
should therefore be taken into account when interpreting epidemiological evidence and
formulating dietary recommendations [31-33].

4.1. Effects of Dry-Cured Ham on Blood Pressure

In the pooled analysis, dry-cured ham consumption did not significantly affect systolic
blood pressure but was associated with a small yet statistically significant reduction in
diastolic blood pressure of approximately —1.6 mmHg compared with control products.
Although the absolute magnitude of this effect is modest at the individual level, small aver-
age reductions in diastolic blood pressure have been associated with meaningful decreases
in cardiovascular events when considered at the population level [34]. Nevertheless, given
the short duration of the included interventions and the substantial between-study hetero-
geneity, the clinical relevance of this reduction at the individual level should be interpreted
with caution. Importantly, none of the included trials reported clinically relevant increases
in blood pressure or evidence of sodium-related blood pressure worsening during the ham
intervention periods [32].

These findings contrast with previous systematic reviews and meta-analyses of
prospective cohort studies reporting a higher incidence of hypertension associated with
greater consumption of processed meats. For example, Schwingshackl et al. observed a
12-14% higher risk of hypertension associated with both red and processed meat intake
in dose-response analyses [32]. Mechanistic reviews have further highlighted the high
sodium [35] and nitrite content [36] of typical processed meats as key mediators of elevated
blood pressure and adverse cardiovascular outcomes, noting that processed red meats may
contain approximately four-fold more sodium and substantially higher nitrite additive
levels than unprocessed meats [37]. In this context, the absence of harmful blood pressure
effects observed in the present meta-analysis suggests that the specific formulation and com-
position of dry-cured Iberian ham, consumed in portions ranging from 40 to 120 g/day in
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the included trials and characterized by a distinct food matrix, may attenuate mechanisms
traditionally implicated in processed meat-related hypertension [32].

The blood pressure results also align with evidence from dietary intervention trials
focusing on MUFA-rich diets. A systematic review and meta-analysis of randomized
controlled trials comparing high- versus low-MUFA regimens (>12% vs. <12% of total
energy) reported significant reductions in systolic (—2.3 mmHg) and diastolic (—1.2 mmHg)
blood pressure in favor of high-MUFA diets [10]. A broader synopsis of systematic reviews
and meta-analyses similarly concluded that MUFA-rich dietary patterns tend to lower
blood pressure [38] and improve glycemic control [39] without detrimental effects on blood
lipids [11]. Given that dry-cured Iberian ham is relatively rich in oleic acid, these data
provide biological plausibility for the modest diastolic blood pressure reduction observed
in the present meta-analysis, particularly among individuals with prehypertension or mild
cardiometabolic risk.

4.2. Effects on Lipid Profile and Cardiometabolic Markers

Regarding lipid parameters, the pooled quantitative synthesis showed a modest but
statistically significant reduction in total cholesterol, approximately —5 mg/dL, in the inter-
vention group compared with the control group, whereas no significant overall effects were
observed for LDL cholesterol, HDL cholesterol, or triglyceride concentrations. Although
individual trials reported potentially favorable changes in specific lipid fractions, including
decreases in LDL cholesterol and triglycerides or increases in HDL cholesterol following
moderate dry-cured ham consumption, these effects were not consistently confirmed in
the pooled analyses. Collectively, these findings indicate that, within the intake ranges and
intervention durations examined, dry-cured ham consumption does not adversely affect
lipid profiles and may be associated with small reductions in total cholesterol in selected
adult populations.

The lipid findings are broadly compatible with evidence from meta-analyses of dietary
patterns rich in monounsaturated fatty acids. Schwingshackl et al. [11] summarized long-
term randomized controlled trials and reported that high-MUFA interventions tended
to improve HDL cholesterol and reduce triacylglycerols, with inconsistent but generally
non-adverse effects on total and LDL cholesterol. Another meta-analysis by the same
group focusing on cardiovascular risk factors found significant reductions in fat mass and
blood pressure with high-MUFA diets, again without evidence of lipid deterioration [10].
More recently, analyses of data from the National Health and Nutrition Examination
Survey (NHANES) indicated that higher intakes of monounsaturated and polyunsaturated
fatty acids were associated with a lower estimated 10-year risk of major atherosclerotic
cardiovascular events [40]. Considering that dry-cured Iberian ham provides relevant
amounts of MUFA within a mixed diet, these data support the biological plausibility of
a neutral or modestly favorable lipid response, rather than a clear lipid-lowering effect,
when consumed in controlled portions.

In contrast, large-scale observational systematic reviews and meta-analyses have
generally reported positive associations between processed meat intake and adverse car-
diometabolic outcomes. A comprehensive meta-analysis of prospective cohort studies
concluded that both unprocessed and processed red meat consumption were associated
with higher risks of cardiovascular disease and type 2 diabetes, with somewhat stronger
associations observed in Western populations [4]. Similarly, a systematic review and meta-
analysis published in the Annals of Internal Medicine reported that reducing processed
meat intake by three servings per week was associated with only small reductions in
all-cause mortality and cardiometabolic outcomes, although still in a harmful direction [15].
The present intervention-based findings therefore differ from the average associations
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reported for broadly defined processed meat categories and suggest that dry-cured ham,
when consumed in moderate portions as part of an otherwise balanced diet, may not
confer the same degree of cardiometabolic risk typically attributed to processed meats in
epidemiological research.

4.3. Effects on Fasting Blood Glucose and Glycemic Control

The pooled meta-analysis did not demonstrate a statistically significant effect of
dry-cured ham consumption on fasting blood glucose compared with control conditions,
although point estimates suggested a small, non-significant reduction of approximately
2 mg per dL. These findings indicate a neutral effect on short-term glycemic control within
the intake ranges and intervention durations evaluated.

This neutral effect differs from evidence derived from meta-analyses examining di-
etary fat quality, in which monounsaturated-fatty-acid-rich diets have been associated
with improvements in glycemic control, including reductions in fasting blood glucose and
glycated hemoglobin, particularly among individuals with type 2 diabetes [11,39,41]. It also
contrasts with large-scale cohort meta-analyses reporting a higher risk of type 2 diabetes
associated with greater consumption of unprocessed and processed red meat, although
these associations are modest in magnitude and based on observational evidence [4,15].
Several factors may explain these apparent discrepancies, including the relatively short
duration of the included intervention trials, the predominance of non-diabetic partici-
pants with near-normal baseline glycemia, and the consumption of dry-cured ham within
mixed meals, in which its specific glycemic impact is likely small relative to overall
dietary patterns.

Taken together, the available intervention evidence suggests that moderate dry-cured
ham consumption does not adversely affect fasting blood glucose in adults without diabetes.
However, longer-term randomized controlled trials in populations with impaired glucose
metabolism are required to determine whether dry-cured ham has any clinically relevant
effect, either beneficial or harmful, on glycemic regulation.

4.4. Interactive Effects and Potential Health Implications

Although the findings of the present review were discussed according to specific
outcome domains, it is unlikely that these effects operate in isolation [24-28]. Blood pressure
regulation, lipid metabolism, endothelial function, inflammatory activity, and oxidative
balance are closely interrelated processes in cardiometabolic health [42]. For this reason, the
improvements observed across some of these domains may reflect a broader physiological
response rather than a series of unrelated findings [43]. This may be particularly relevant
in the case of dry-cured ham, whose nutritional and biochemical characteristics differ from
those of many other processed meat products [44].

A plausible interpretation is that the overall effect of dry-cured ham depends on the
interaction between components that have traditionally raised concern, such as sodium,
and other constituents that may partly modulate the cardiometabolic response [7,35]. In
the studies included in this review, dry-cured ham was consumed as a whole food un-
der controlled conditions, and, in that context, it did not appear to worsen conventional
cardiometabolic markers [24-28]. By contrast, some trials suggested modestly favorable
changes in diastolic blood pressure, total cholesterol, endothelial-related markers, inflam-
matory mediators, and oxidative stress parameters [24-28]. Although these effects were not
uniform across studies, taken together, they support the idea that dry-cured ham should
not be interpreted solely on the basis of its sodium content or its classification within the
broad category of processed meats [45].
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From a broader health perspective, these findings suggest that moderate consumption
of dry-cured ham may have a different cardiometabolic profile from that usually attributed
to processed meats as a whole [4,45]. This does not imply that dry-cured ham should be
regarded as a cardioprotective food, but it does support a more nuanced interpretation in
which food matrix, fatty acid composition, curing-related peptide generation, portion size,
and overall dietary context are all taken into account [7,46]. Although curing-generated
peptides may contribute to this interpretation, their circulating concentrations and in vivo
activity were not directly assessed in the included trials. Therefore, the broader implications
of these findings should still be considered preliminary, given the limited number of
intervention studies and their relatively short duration [24-28]. At present, the available
evidence is insufficient to support formal reclassification of dry-cured ham within processed
meat categories or to justify revisions to existing dietary guidelines. Rather, the findings
highlight the need for future research to determine whether distinctions based on food
matrix and processing characteristics should be considered more explicitly in classification
frameworks and dietary guidance [47].

4.5. Limitations and Future Research Directions

This systematic review and meta-analysis have several limitations that should be
considered when interpreting the findings. First, the number of available intervention
studies was small, which limited the precision of the pooled estimates and contributed to
substantial heterogeneity across several outcomes. Given the variability in study design,
comparators, and ham type, formal subgroup analyses or meta-regression were not feasible.
Second, most interventions were short-term (4-8 weeks) and evaluated moderate intakes
of dry-cured ham (40-120 g/day), which limits inference regarding habitual long-term
consumption. Third, although most studies used randomized designs, some concerns
remained regarding selective reporting, open-label designs, and limited information on pre-
registered protocols, while the two non-randomized studies were judged to be at serious
risk of bias due to confounding and the lack of control groups.

Additional limitations affect mechanistic interpretation and external validity. Al-
though bioactive peptides are discussed as a plausible explanation for some observed
effects, none of the included trials directly measured circulating ham-derived peptides or
their biological activity in vivo.

Moreover, all included trials were conducted in Spain and evaluated specific Iberian
dry-cured ham or dry-cured ham products, which may differ from similar products con-
sumed in other settings. The interventions were also heterogeneous in terms of ham type,
and no stratified analysis according to product characteristics was possible; therefore, po-
tential differences in health effects between acorn-fed and feed-fed Iberian ham, or between
Iberian and serrano ham, cannot be excluded. In addition, the relatively small sample sizes
and the focus on intermediate biomarkers, rather than hard clinical endpoints [48], preclude
any definitive conclusions regarding long-term cardiovascular disease, type 2 diabetes, or
mortality outcomes. Another relevant issue is the potential replacement effect, since in
several studies dry-cured ham was introduced within the habitual diet or substituted for
other meat products, meaning that its apparent health impact may partly depend on the
nutritional profile of the food it replaces.

Future research should prioritize adequately powered, longer-term randomized con-
trolled trials comparing dry-cured ham with well-characterized alternative protein sources
or meat products, using standardized portions and detailed product characterization. Such
trials should also include populations, assess dose-response relationships, and incorporate
vascular, inflammatory, thrombotic, and mechanistic outcomes. In parallel, prospective
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cohort studies that clearly distinguish dry-cured ham from other processed meats are
needed to clarify its long-term cardiometabolic implications.

5. Conclusions

This systematic review and meta-analysis summarizes the available evidence from
human intervention studies examining the cardiometabolic and vascular effects of dry-
cured ham consumption in adults. Overall, the pooled analyses indicated a small but
statistically significant reduction in diastolic blood pressure and total cholesterol, while
no significant effects were observed for systolic blood pressure, LDL cholesterol, HDL
cholesterol, triglycerides, or fasting blood glucose. The magnitude of these effects was
modest and was characterized by substantial between-study heterogeneity, which should
be considered when interpreting the findings.

Taken together, the current intervention evidence suggests that moderate consump-
tion of Iberian dry-cured ham, when consumed in controlled portions (40-120 g/day),
does not appear to adversely influence conventional cardiometabolic risk markers in the
studied populations. These findings should be interpreted with caution. The neutral to
modest effects observed may be partly related to the specific food matrix of dry-cured
ham, including its lipid composition and the generation of bioactive peptides during the
curing process.

Even so, the limited number of trials, their short duration, and the reliance on in-
termediate biomarkers preclude firm conclusions regarding long-term cardiometabolic
outcomes. Further well-designed and longer-term randomized controlled trials are needed
to better contextualize these findings. Prospective cohort studies that clearly distinguish
dry-cured ham from other processed meats will also be important for informing future
dietary guidance. At present, however, the current evidence is not sufficient to justify
formal reclassification of dry-cured ham or revisions to existing dietary guidelines. Rather,
it supports the need for a more differentiated research framework to determine whether
such distinctions are warranted.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/foods15071198 /s1, Figure S1. Sensitivity analyses of the
effects of the intervention on lipid profile parameters using an alternative within-subject correlation
assumption (r = 0.5). Forest plots are shown for (A) total cholesterol, (B) low-density lipoprotein
cholesterol, (C) high-density lipoprotein cholesterol, and (D) triglycerides. Effect estimates are ex-
pressed as mean differences with 95% confidence intervals; Figure S2. Sensitivity analyses of the
effects of the intervention on blood pressure parameters using an alternative within-subject corre-
lation assumption (r = 0.5). Forest plots are shown for (A) systolic blood pressure and (B) diastolic
blood pressure. Effect estimates are expressed as mean differences with 95% confidence intervals;
Figure S3. Sensitivity analysis of the effects of the intervention on fasting blood glucose using an
alternative within-subject correlation assumption (r = 0.5). Effect estimates are expressed as mean
differences with 95% confidence intervals and were pooled using random-effects models. Table S1.
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The following abbreviations are used in this manuscript:

CVD Cardiovascular disease

GBD Global Burden of Disease

HDL High-density lipoprotein

IL-6 Interleukin-6

LDL Low-density lipoprotein

MCP-1  Monocyte Chemoattractant Protein-1
MUFA  Monounsaturated fatty acid

PAI-1 Plasminogen activator inhibitor-1
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