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Popular scientific summary

* Red meat can be a good source of essential nutrients, but excessive consumption of red meat can
lead to undesirable high intakes of saturated fatty acids, iron as well as nitrate and has been linked
to cardiovascular disease and type 2 diabetes.

*  White meat (e.g., chicken, turkey) is one alternative to red meat and it usually contains less fat and
iron. However, little is known about health effects of white meat.

* In this systematic review, we summarized the available evidence on white meat, cardiovascular dis-
ease and type 2 diabetes. All together, 26 studies were included in this analysis. Taken together, the
results indicate that consumption of white meat does neither beneficially nor detrimentally affect
the risk for these two diseases.

Abstract

Objectives: The aim was to systematically review the associations among white meat consumption, cardiovas-
cular diseases (CVD), and type 2 diabetes (T2D).

Methods: Databases MEDLINE, Embase, and Cochrane Central Register of Controlled Trials and Scopus
were searched (15th October 2021) for randomized intervention trials (RCTs, > 4 weeks of duration) and pro-
spective cohort studies (=12 month of follow-up) assessing the consumption of white meat as the intervention/
exposure. Eligible outcomes for RCTs were cardiometabolic risk factors and for cohorts, fatal and non-fatal
CVD and incident T2D. Risk of bias was estimated using the Cochrane’s RoB2 and Risk of Bias for Nutrition
Observational Studies. Meta-analysis was conducted in case of >3 relevant intervention studies or 5 cohort
studies using random-effects models. The strength of evidence was evaluated using the World Cancer Research
Fund’s criteria.

Results: The literature search yielded 5,795 scientific articles, and after screening 43 full-text articles, 23 cohort
studies and three intervention studies were included. All included intervention studies matched fat content of
intervention and control diets, and none of them showed any significant effects on the selected outcomes of
white meat when compared to red meat. Findings from the cohort studies generally did not support any associ-
ations between white meat intake and outcomes. Meta-analyses were conducted for CVD mortality (RR: 0.95,
95% CI: 0.87-1.02, P = 0.23, I> = 25%) and T2D incidence (RR: 0.98, 95% CI: 0.87-1.11, P = 0.81, I>= 82%).
Conclusion: The currently available evidence does not indicate a role, beneficial or detrimental, of white meat
consumption for CVD and T2D. Future studies investigating potentially different health effects of processed
versus unprocessed white meat and substitution of red meat with white meat are warranted.

Registration: Prospero registration CRD42022295915.
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eat consumption is common throughout the
M world, and meat production has tripled during

the last 50 years (1). The average meat con-
sumption is high in the Nordic countries (more than
100 g/day) (2-4), and most of the intake derives from red
meat. Meat can be a good source of essential nutrients,
for example, iron and vitamin B,, (5), but excessive con-
sumption of meat and meat products can lead to unde-
sirable high intakes of saturated fatty acids (6), iron (7),
and nitrate (8). Consequently, high intake of red meat and
meat products is a risk factor for several types of cancer
(9), type 2 diabetes (T2D) (10), and cardiovascular disease
(11, 12). Red meat consumption, in particular from beef,
has also been criticized for its high ecological footprint,
which is a measure of resources required to produce a
given good and the wastes generated (13).

White meat (e.g. chicken and turkey) is one alternative
to red meat. It usually contains less fat and iron (14) and
exerts a lesser effect on the emission of greenhouse gases
(11). However, less is known about the health effects of
white meat. Available systematic reviews based on cohort
studies suggest that white meat may protect against all-
cause mortality (15), stroke (16), and cancer (17), although
the evidence is unclear for heart disease and T2D (15).

As part of the process of updating national dietary
reference values and food-based dietary guidelines, the
Nordic Nutrition Recommendations 2022 project (NNR
2022) selected several topics for systematic reviews, one of
these being the health effects of white meat (18). The aim
of the present study was to systematically summarize the
available evidence on white meat, cardiovascular disease
(CVD), and T2D.

Methods

The systematic review procedure followed an a priori
determined systematic review protocol made for the NNR
2022 (19, 20), which is in agreement with the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) (21, 22). The NNR 2022 Committee
established detailed research questions, including charac-
terization of the study population, intervention/exposure,
control, outcome, timeframe, study design, and settings
(PI/ECOTSS) (Supplementary Table 1). The employed
methods were registered in a PROSPERO protocol
(CRD42022295915). The Nordic Council of Ministers
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and governmental food and health authorities of Norway,
Finland, Sweden, Denmark, and Iceland funded this
study (23).

Eligibility criteria

We included prospective cohort studies and randomized
controlled trials (RCTs) that included adults older than 18
years as the study population. The intervention/exposure
was the consumption of white meat (i.e. poultry, chicken,
turkey, duck, and goose, but not fish), whereas the com-
parator was red meat in intervention studies and no or low
consumption of white meat in cohort studies. The minimum
length of RCTs was 4 weeks, and the minimum follow-up
length in the cohort studies was 1 year. We considered the
following outcome variables for RCTs: insulin resistance,
HBAIc, fasting glucose and insulin, blood pressure, total
cholesterol, low density lipoprotein, high density lipoprotein,
and triglycerides.

For cohort studies, the following outcomes were con-
sidered: major incident fatal and non-fatal CVD (com-
bined or separate: myocardial infarction, stroke, coronary
heart disease, and coronary artery bypass graft), CVD
mortality, and incident T2D.

Information sources and search strategy

An extensive search using MEDLINE, EMBASE,
Cochrane Central of Controlled Trials, and Scopus was
conducted by a senior librarian from the University
of Oslo, Library of Medicine and Science, on 15th
of October 2021. The search strategy (Supplementary
Table 2) was not limited by publication date or language
and was established together with the authors. The refer-
ence sections of the included studies were also examined
to find potentially new eligible studies.

Selection and data collection process

Papers found in the search were transferred to Endnote
for the removal of duplicate publications. After de-du-
plication, the records were exported to Rayyan, where
two reviewers (AR and EKA) independently screened
the title and/or abstracts of the records. An article was
included into full-text screening when at least one of the
two authors voted for the inclusion of the paper. As the
next step of the process, the librarians retrieved the full
text of the papers, which were then examined by the two
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reviewers. Disagreements during the literature screening
were resolved by discussion and by the support from the
senior author (AA).

Key data from the publications were extracted into a
data extraction form developed for this project by three
independently working reviewers (FS, LB, and BN). Any
disagreement between reviewers was resolved by discus-
sion. The following variables were extracted from the
included publications: full reference, participants and
settings, interventions/exposures, outcomes, main results,
confounding variables, dietary intake levels/dose, food
source, method for dietary assessment, validation of
dietary assessment method, food composition database
used, and assessment of nutrition status.

Risk of bias assessment

Assessment of risk of bias was done independently by
two reviewers (JD and AR) using the Cochrane’s Risk of
bias 2.0 (24) for intervention trials and USDA’s Risk of
Bias for Nutrition Observational Studies (RoB-NODS) (25)
for prospective observational studies. Risk of bias was
categorized as low, some concerns, or high for interven-
tion studies, and low, moderate, serious, and critical for
observational studies. Risk of bias for each study is dis-
played in a graphical way using the web app Risk-of-bias
VISualization (26).

Synthesis methods

In accordance with the guidelines for systematic reviews,
meta-analyses were considered if deemed appropriate to
combine/pool the different studies, but only when more
than three independent RCTs or five cohort studies exist
(27-29). When a sufficient number of studies were avail-
able, a random-effects meta-analysis with the generic
inverse variance method was conducted using Review
Manager (RevMan; The Cochrane Collaboration, 2020),
version 5.4.1. When a study reported odds ratio, it was
converted to relative risk using the online conversion tool
ClinCalc (30) based on an article from Zhang et al. (31).
Potential heterogeneity between studies was quantified
using the P2 statistic, which estimates (range 0—100%) the
proportion of variance in the pooled estimates attribut-
able to differences in estimates between studies included
in the meta-analyses. Pooled risks are shown using forest
plots. Due to the low number of included publications,
risk of publication bias using funnel plots could not be
assessed.

Certainty assessment

We used the World Cancer Research Fund’s grading (con-
vincing, probable, limited — suggestive, limited — no con-
clusion, substantial effects unlikely) in order to categorize
the strength of the available evidence (19, 23) based on
study quality (risk of bias), quantity, consistency, and

18
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precision (details for grading can be seen in Supplementary
Table 3).

Results

Study selection search results

As outlined in Fig. 1, a total of 5,795 records were
retrieved from the database searches after de-duplica-
tion; of which 5,752 were excluded after title and/or
abstract screening. Of the 43 full-text papers evaluated,
three intervention studies (32-34) and 23 prospective
cohort studies (35-57) met the criteria to be included in
the review.

Study characteristics

The three included intervention studies (32-34) investi-
gated 36-177 adults each with an intervention period of
4 to 5 weeks and measured cardiometabolic risk factors
(for details see Table 1). The RoB was judged to be low for
two, but there were some concerns for one of the studies
(see Fig. 2).

The 23 included observational studies (35-57) were all
prospective cohort studies investigating from 4,304 up to
511,781 adults from Europe, Asia, and the USA with a
follow-up ranging from 4.6 to 26 years (for details, see
Table 1). The RoB was judged as moderate for 12 and
serious for 11 of the included studies (see Fig. 3), mainly
due to risk of bias related to confounding, selection of
participants, and exposure assessment.

Intervention studies

The effects of white meat compared to red meat on blood
lipids were investigated by Bergeron et al. (32), Mateo-
Gallego et al. (33), and Scott et al. (34). Effects on blood
pressure were investigated by Bergeron et al. (32) and
Mateo-Gallego et al. (33). Effects on glucose metabolism
were investigated by Bergeron et al. (32) only. All of the
included studies matched fat content of the intervention
and control diets, and none of them showed any signifi-
cant effects on the selected outcomes of white meat when
compared to red meat (Table 2). Due to the low number
of studies, no meta-analysis was conducted.

Prospective cohort studies
Three prospective cohort studies investigated the associa-
tions between white meat intake and coronary heart dis-
ease (CHD) incidence. While the study by Haring et al.
(36) indicated a lower risk, the studies by Bernstein et al.
(35) and Key et al. (37) showed no statistically significant
associations (Table 2). One study by Park et al. (43) indi-
cated that the intake of poultry is associated with lower
risk of incident CVD (Table 2).

Results from Bernstein et al. (41) suggested that higher
white meat intake was related to lower stroke incidence,
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Fig. 1. PRISMA flow chart of the article selection process.

Study

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing cutcome data.

D4: Bias in measurement of the outcome.

A4

-Wrong outcome (n = 9)

Risk of bias domains

Judgement

Some concerns

. Low

D5: Bias in selection of the reported result.

Fig 2. RoB of included intervention studies.

which seemed to be driven by the inverse relationship
observed in women. Results from Haring et al. (38) did
not show such associations. Furthermore, data from
Farvid et al. (39) and Sauvaget et al. (42) indicated that
white meat intake was not associated with stroke mortality
(Table 2).
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Two studies (Farvid et al. (39) and Nagao et al. (40))
investigated CHD mortality but did not find any signifi-
cant associations with intake of white meat (Table 2). Six
studies investigated CVD mortality; of which, two did a
separate analysis of men and women. Takata et al. (47)
found that there were suggestive inverse associations of
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Fig. 3. RoB of included cohort studies.
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poultry intake with risk of CVD mortality among men
but not among women. Other studies (39, 44-46, 48)
did not show any associations (Table 2). A meta-anal-
ysis was performed including the six above-mentioned
studies for this outcome indicating no significant asso-
ciations between intake of white meat and risk of CVD
mortality (RR: 0.95, 95%CI: 0.87-1.02, P = 0.23) with
low heterogeneity (I = 25%) (Fig. 4). Nine cohort stud-
ies investigated white meat intake and risk of incident
T2D. In the EPIC Interact study (50), Kurotani et al.
(51) and Steinbrecher et al. (54) conducted a separate
analysis by sex. Steinbrecher et al. (54) further differen-
tiated between processed and unprocessed white meat.
Four studies (49, 51, 52, 56) did not show any associ-
ations between white meat intake and T2D. The EPIC
InterAct study (50) indicated a higher risk in women,
whereas Talaei et al. (55) showed a higher risk of T2D
for all participants. However, in the study by Montonen
et al., white meat intake was inversely associated with
the risk of T2D (53). In the study by Steinbrecher et al.
(54), processed poultry was associated with an increased
risk of T2D in both men and women, whereas the intake
of unprocessed poultry was not. Villegas et al. (57)
reported that the consumption of unprocessed poultry

White meat consumption

was associated with lower risk of T2D (Table 2). A
meta-analysis was performed excluding the studies from
Du et al. (49) and EPIC Interact (50) as they did not
report OR for extremes of intakes. Data on processed
and unprocessed poultry from Steinrecher et al. (54)
were pooled for the meta-analysis. For the remaining
studies, no significant associations between high versus
low intake of white meat and risk of T2D were found
(RR:0.98,95%CI: 0.87-1.11, P = 0.81) with high hetero-
geneity (I? = 82%) (Fig. 5).

Certainty in the evidence
For the development of T2D, the evidence was judged
as substantial effects unlikely. This was based on the null
effects observed in one glucose metabolism RCT and a
pooled RR close to 1.0 for seven meta-analyzed cohorts
out of totally nine available. The main uncertainty con-
cerning the grading was the heterogeneity observed in the
meta-analysis that some included studies were classified
as having serious Rob and the apparent lack of RCTs. On
the other hand, it was deemed unlikely that studies in the
near future would affect the conclusion.

Similarly, the evidence was judged as substantial effects
unlikely for the outcome CVD mortality based on the

relative risk relative risk
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Farvid etal. 2017 0.0295588 0.0867347 151% 1.03[0.87,1.22) .
Kappeleretal 2013 0.0487802 0.2704082 21% 1.05[0.62,1.78]
Leeetal 2013 -men -0.1984509 01071428 11.0% 0.82 [0.66, 1.01]
Lee etal 2013 - women 0.0487902 0.0B63265 21.4% 1.05(0.92,1.20] I
Rohrmann etal. 2013 -0.0618754 0122443 89% 0.94[0.74,1.19) e
Takata et al. 2013 - men -0.210721 0.0943878 13.4% 0.81 [0.67,0.97] s —
Takata et al. 2013 - wornen 0.0295588 01071429 11.0% 1.03(0.83,1.27) D o
van den Brandtet al. 2019 -0.1165338 0.0790816 17.2% 0.83[0.76,1.04] —
Total (95% CI) 100.0% 0.95[0.87, 1.02]

Heterogeneity: Tau®= 0.00; Chi*=9.28, df=7 (P = 0.23); F= 25%
Testfor overall effect: Z=1.41 (P = 0.16)
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Fig 4. Associations between poultry intake and CVD mortality comparing highest versus lowest consumption categories.
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Fig. 5. Associations between poultry intake and risk of T2D, comparing highest versus lowest consumption categories.
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pooled RR of 0.95 (95% CI 0.87-1.02) from six studies
with low heterogeneity. This grading was corroborated by
two cohort studies each on CHD and stroke mortality,
showing null associations. The few trials identified did not
support any effects of white meat on the cardiometabolic
risk factors when compared to the consumption of red
meat. However, all the included trials matched the dietary
fat intake of the different study arms and thus do not nec-
essarily reflect real-world conditions.

We appraised the certainty of evidence separate for the
studies addressing incident diseases mainly because they
were few and displayed somewhat mixed findings, and
thus, the evidence was judged as limited — no conclusion
for incident CHD, incident stroke, and incident CVD.

Discussion

This systematic review investigated white meat consump-
tion and risk of CVD and T2D. Taken together, based on
three intervention and 23 prospective cohort studies, there
was no clear indication of a role, neither beneficial nor
detrimental, of increased consumption of white meat for
these two disease entities.

The effects of dietary saturated fatty acids on blood
lipids such as LDL and total cholesterol have been the
proposed mechanism that can explain the observed asso-
ciations between red meat intake and increased risk of
cardiovascular disease (58, 59). As has been shown in low-
fat feeding studies, the cholesterol raising effects of red
meat mainly depend on its fat content and are not related
so much to the protein components of red meat (60, 61).
As white meat usually contains less fat than red meat, this
reduction in fat intake could improve blood lipids profiles
in a real world setting and therefore leads to a decreased
CVD or risk of T2D (60, 61). In the present review, the
effects of consumption of white meat compared to red
meat on cardiovascular risk factors were investigated by
three intervention studies (32-34) with a length of 4 to 5
weeks and with low to medium risk of bias. In each study,
the fat content of the prescribed intervention diets of
white meat and red meat was very similar, and thus, not
unexpected, none of them showed any significant effects
on the CVD or T2D risk factors.

The included 23 prospective cohort studies (35-57)
investigated incidence and mortality of ischemic heart dis-
ease, stroke, and combined CVD as well as risk of T2D.
The best evidence was available for CVD mortality (six
studies) and risk of T2D (nine studies). The meta-anal-
yses performed for these studies indicated no significant
associations between intake of white meat and risk of
CVD mortality (with moderately low heterogeneity) or
risk for T2D (with high heterogeneity). For other cardio-
vascular outcomes, no meta-analyses were conducted due
to a paucity of studies, and thus, the evidence was judged
as limited — not conclusive.

22
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When the results of our review are compared to
recently published meta-analyses on white meat, we
find good agreement. In the meta-analysis by Lupoli et
al. (15), which included a total of 22 cohort studies, the
consumption of white meat was related to neither lower
CVD incidence nor lower CVD mortality, although it was
associated with a lower total mortality, an outcome that
we did not investigate in the present analysis. Another
meta-analysis by Kim et al. (62) found that the relative
risk related to stroke incidence and white meat to be 0.87
(95% CI: 0.78-0.97), based on two studies (38, 41), which
were also included in the present review. Finally, Yang et
al. included nine articles in their meta-analysis (63) and
found no impact on hazard for T2D when comparing the
highest to the lowest poultry intakes (HR 1.00 [95% CI:
0.93-1.07]) similar to our results.

Only few of the included studies reported the results
categorized by sex, and therefore, no stratified meta-anal-
yses were performed. Nagao et al. (40) found similar
associations between white meat intake and CHD mor-
tality in men and women, whereas Bernstein et al. (41)
found lower stroke incidence in relation to white meat
only in women. On the other hand, results from Lee et al.
(45) and Takata et al. (47) indicated that white meat was
associated with lower CVD mortality in men but not in
women. Regarding risk of T2D, the EPIC Interact study
reported a higher risk related to white meat intake in
women only (but not in men); however, the risk estimates
related to white meat were similar in men and women
according to the studies from Kurotani et al. (51) and
Steinbrecher et al. (54). Thus, taken together and given
the possibility of sex-dependent residual confounding,
the available evidence does not allow to draw a clear pic-
ture on sex differences in relation to white meat intake
and disease risk.

In general, several studies on red meat intake and dis-
ease risk have reported that the risk is more related to the
intake of processed meat than the unprocessed meat (19,
64, 65). In this context, it is interesting that only two of
the studies (54, 57) included in the present review reported
findings for unprocessed white meat, and only one differ-
entiated between processed and unprocessed white meat.
The study by Steinbrecher et al. (54) showed a higher
risk for processed white meat, whereas Villegas et al. (57)
showed a lower risk for unprocessed white meat.

Everything considered, the currently available evidence
on white meat consumption and CVD as well as T2D does
not support a protective role of white meat consumption.
There were some indications of sex differences in the asso-
ciations among white meat intake, stroke incidence, and
CVD mortality, but of unclear relevance. Furthermore, a
differentiation between unprocessed and processed white
meat is necessary in future studies to shed light on poten-
tial harmful or protective effects of white meat intake.
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Strength and limitations

The strength of the current review is the extensive and
elaborative methods in collecting, reviewing, and grading
the currently available evidence with the aim to translate
the scientific evidence into dietary recommendations rele-
vant for public health.

The current SR did not consider substitution of red
meat with white meat but only intake of white meat. This
can be regarded as a limitation, as food items are usually
not consumed in addition to other foods but will replace
them in the diet. Replacing red meat/processed red meat
with poultry has been associated with lower total mortal-
ity (66), while associations with CVD endpoints or T2D
have been unclear (67-70).

A limitation for every systematic review and meta-anal-
ysis is that it is dependent on the availability and quality
of relevant studies. We could not perform a meta-analy-
sis or even a subgroup analysis for many of the intended
outcomes due to the low number of studies. Furthermore,
according to our assessment, 11 of 23 cohort studies had
a serious risk of bias with the remaining studies having a
moderate risk of bias. The number of included interven-
tion studies was low, and although their risk of bias was
judged low in two of the three studies, their study designs
leveled differences in fat intake associated with red meat
and white meat intake. This also decreased the likelihood
of finding differences in CVD or T2D risk factors that
might be observed in a real-world setting.

Conclusion

This systematic review and meta-analysis investigated
white meat consumption and risk of CVD and T2D using
relevant intervention trials and prospective cohort studies.
The currently available evidence does not indicate a role,
either beneficial or detrimental, of white meat consump-
tion for these diseases.
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