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Abstract: This systematic review and meta-analysis based on PRISMA statements aimed to sum-
marise the data on the chemical composition of reindeer meat depending on the region of the
Rangifer tarandus. We searched SCOPUS, PubMed, Embase, CrossRef, Medline, Cochrane library,
eLibrary, and CyberLeninka. A total of 3310 records published between January 1980 and December
2021 were screened. We identified 34 relevant studies conducted in Russia, Norway, the USA, Canada,
and Finland for the synthesis. Overall, the consumption of reindeer meat reduces arterial hyperten-
sion and atherosclerosis due to many polyunsaturated fatty acids (linoleic, linolenic, arachidonic)
and vitamin C, which balances lipid fractions. Venison is an effective means of preventing obesity
and adapting to cold due to the content of a complete set of essential trace elements, amino acids, and
even L-carnitine. The high content of vitamin C and microelements (iron, zinc, copper) in reindeer
meat is likely to increase the body’s antioxidant defence against free radicals and help prevent chronic
non-infectious diseases. Thus, venison is an essential component of the adaptation mechanism for
the Arctic population.

Keywords: systematic review; reindeer meat; macro- and microelement analysis; adaptation; Arctic
population; meta-analysis

1. Introduction

The unique nutrition of the Arctic Indigenous Peoples is associated with their increased
endurance, health, and adaptability to the harsh climate [1]. Reindeer meat, blood, and
liver are the most critical elements of this traditional nutrition enriched with minerals [2,3].
Reindeer consumption is a crucial factor of successful adaptation to the cold stress, as well
as a component of national culture, food, and economic security and sovereignty, affecting
the well-being and health of the Indigenous population in the Arctic [4–9].

The reindeer (Rangifer tarandus) habitat covers territories in Eurasia and North Amer-
ica between 50- and 81-degrees north latitude [10] and includes continental and island
territories, tundra, taiga, and mountainous areas close to them in vegetation composition
and climatic conditions [11]. Reindeer live in Russia, the USA, Norway, Sweden, Finland,
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Denmark, Iceland, Canada, Mongolia, Great Britain, and China [10]. The largest popula-
tions of wild reindeer (Rangifer tarandus caribou) are in Russia (952.9 thousand; 2015) and
Canada (1300 thousand; 2016) [11]. The world’s largest livestock of domesticated reindeer
is in Russia (1620.8 thousand reindeer in 2021) [12]. In Russia, the largest population of
wild reindeer is in the Krasnoyarsky Krai, the Chukotka Autonomous Okrug, the Repub-
lic of Sakha (Yakutia), and domesticated reindeer are in the Yamal-Nenets Autonomous
Okrug [13]. Such various reindeer habitats make pre-conditions for the different chemical
compositions of reindeer products in different northern regions.

The macro- and microelement composition of reindeer meat is impacted by significant
differences in the species and mineral composition of forages (plants and lichens), the
duration of grazing seasons on winter and summer pastures, the proportion in the diet
of green fodder, shrubs, lichens, mushrooms, eggs of birds, and rodents, the macro- and
microelement composition of soil and water, pollution, availability of salty seawater, and
the cutting of velvet antlers [14,15]. A specific feature of the northern reindeer is its seasonal
migration to areas with different forage resources: Summer pastures with a predominance
of herbaceous plants and shrubs and winter pastures rich in lichens [16].

The study of the macro- and microelement composition of reindeer meat started
in the second half of the 20th century. In the 1970s, in Canada, O. Schaefer (1977) and
K. Hoppner (1978) confirmed the high nutritional value of reindeer meat due to high
protein and low fat content [17,18]. Two decades later, H.V. Kuhnlein (1992; 1996; 2000;
2002) conducted a study of micronutrient composition of reindeer products [19–22] and
developed recommendations for the use of venison by patients with atherosclerosis, vi-
tamin deficiency, diabetes mellitus, and for the prevention of heart, liver, and stomach
diseases [23–25]. In the 1990s, in Alaska, the USA, the chemical composition of traditional
products, including venison, was studied [26]. Currently, a national database includes the
data on the complete quantitative and qualitative chemical composition of reindeer meat
in Alaska [27]. In Russia, studies conducted in Yamal-Nenets Autonomous Okrug [28,29],
Nenets Autonomous Okrug [30–32], Taimyr [33–35], the Republic of Yakutia [36], and on
the Kola Peninsula [37–39] confirmed the nutritional and biological value of reindeer meat.
Furthermore, they proved the need to include this product in a healthy diet.

Rangifer tarandus is highly adapted to Arctic conditions. The optimal work of enzymes
that ensure adaptation to cold stress provides the accumulation of essential trace elements
necessary for the practical work of enzymatic chains. The most crucial macronutrients are
calcium (Ca), magnesium (Mg), phosphorus (P), potassium (K), and sodium (Na), among
others, which activate enzymes, regulate the number of hormones, promote muscle and
nervous activity, and therefore are essential components of the daily human diet [40–42].
Thus, the consumption of reindeer meat can increase adaptation to the Arctic conditions,
reduce the risk of heart diseases, and improve metabolism [43–45].

Improving knowledge about the macro- and microelement composition of reindeer
meat in different northern regions will contribute to the expansion of the use of reindeer
products to prevent diseases and increase the adaptation of the Arctic population and shift
workers in the circumpolar area, as well as develop effective medicinal and pharmaceutical
products. Furthermore, studying the chemical composition of reindeer meat will also
increase the value of exported reindeer meat, which is an important factor in promoting
the economic sovereignty and well-being of the Indigenous Peoples in the Arctic.

Our systematic review and meta-analysis aim to summarise the data on the chemical
composition of reindeer meat depending on the region of the Rangifer tarandus and analyse
the effects of venison consumption on human health and adaptation in the Arctic.

2. Materials and Methods

In this research, a systematic review based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses, the PRISMA statement [46,47], was conducted.
The PRISMA checklist is presented in Appendix A according to the model [48].
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The research questions for this systematic review were: “Does the macro- and mi-
croelement composition of reindeer meat vary in different northern regions?”.

2.1. Search Strategy

We searched the SCOPUS, PubMed, Embase, CrossRef, Medline, Cochrane library, eLi-
brary, and CyberLeninka electronic databases to identify relevant studies for the synthesis
without language restrictions, using and updating them (from January 1980 to December
2020). In addition, the reference lists of all studies included and all the systematic reviews
identified during the search process were checked.

The search strategy for all databases included terms of the Medical Subject Headings.
Searches were made using the following keywords or their combination: “chemical com-
position of reindeer meat”, “chemical composition of venison”, combined with “sodium”,
“potassium”, “calcium”, “magnesium”, “phosphorus”, “iron”, “zinc”, “trace elements”.

2.2. Inclusion Criteria

Eligible studies were required to meet the following criteria: (1) Evaluate the concen-
tration of the minerals (sodium, potassium, calcium, magnesium, phosphorus, zinc, iron) in
reindeer meat; (2) the results were received in the territories located in the High North; (3)
experimental descriptive or retrospective studies. We also excluded study protocols, letters
to the editor, editorials, and conference abstracts with no full text available. All citations
were entered into a bibliographic reference manager, and duplicate studies were excluded,
automatically or manually (EndNote®, v. X7, Tomson Reuters, Philadelphia, PA, USA).

The control group included data on the macro- and microelement composition in
reindeer meat obtained from our data. The content of trace elements in reindeer meat was
assessed in the testing laboratory centre of the Federal Research Center for Nutrition and
Biotechnology (Moscow) (certificate No. ROSS RU.0001.21IP14 dated 22 August 2014). In
addition, sampling of the studied objects was carried out following the national standard
GOST R 51447–99 [49]. The following standard methods were used to determine the chem-
ical composition: (1) Identification of the content of trace elements (potassium, calcium,
sodium, magnesium, phosphorus) according to R 4.1.1672-2003 [50]; (2) determination of
iron and zinc under the national standard GOST No. 30178-96 [51].

Laboratory studies to identify trace elements in food were conducted in the autumn–
winter season. To determine the concentration of metals, during the analysis food products
were subjected to mineralisation to remove organic impurities. The determination was
made using a model-Z 5300 atomic absorption spectrophotometer by atomic absorption
spectrometry. The determination of the content of trace elements (calcium, magnesium,
phosphorus) was implemented on a liquid chromatograph (HPLC) (model “Agilent 1100”
detector DAD) in the laboratory of vitamins and minerals.

2.3. Study Selection, Data Extraction and Assessment of Methodological Quality and Risk of Bias

According to the search strategy, the authors (SA, EB) screened titles and abstracts
and independently assessed the full text of all potentially relevant studies for inclusion
in this review. All disagreements were managed through discussion with a third author
(AL). Then, following a standardised data collection form, the information was extracted
from the included studies: (i) Study characteristics: Setting, study design, and countries;
(ii) microelement composition of reindeer meat; and (iii) health impacts. We also evaluated
the lists of references of the studied papers to identify other relevant articles to be included.
Reasons for exclusion are reported in Figure 1.
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To assess the methodological quality and risk of bias, the checklist of Esther F. My-
ers [52–54] was applied (Appendix B). After a detailed evaluation of the methods and
results, the studies were analysed to verify the possibility of “skewed results”, “confu-
sions”, and “random occurrence”. Only studies with a low risk of bias were included.

2.4. Data Analysis and Synthesis

We applied Cochran’s Q statistics and calculated I2 [55] to assess the statistical het-
erogeneity across studies. The interpretation of the value of I2 was: 0 to 40 = low; 30
to 60 = moderate and worthy of investigation; 50 to 90 = severe and worthy of under-
standing; 75 to 100 = aggregate with major caution [56], and a 95% confidence interval. A
p-value < 0.05 was considered statistically significant. The interpretation threshold for the
weighted effect values was 0.8 [57]. We generated the forest plots for each analysis. A com-
prehensive analysis of Egger’s test and Funnel Plot Visual interpretation were implemented
for the assessment of the publication bias [58–60]. The standardised difference in mean
values (Hedge’s g) and 95% confidence intervals were calculated using a random-effects
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model [58–61]. The Jamovi statistical software (version 1.6, Sydney, Australia) [62] and
the MAJOR module [63] were used to generate figures and run the test. Jamovi uses the
Graphical User Interface (GUI) version of the R module, and MAJOR uses the R package,
Metafor [64]. We used sensitivity analysis to explore the influence of each study in the
pooled meta-analysis or publication bias results. This analysis was adopted in the case
of substantial or considerable (50 to 100%) heterogeneity or significant publication bias
(p < 0.05) [65,66].

3. Results
3.1. General Characteristics

A total of 3310 records published between January 1980 and December 2021 were
screened. First, the abstracts of the publications were analysed. We excluded duplicated,
descriptive (e.g., [67]) articles and publications that did not have information about the
content of trace elements in reindeer meat or contained data about other animals (3012)
(e.g., [68–81]). In total, 260 studies were excluded due to the unavailability of the full text
of the publication (e.g., [82]). Therefore, 38 sources included in the further analysis were
assessed by two independent reviewers.

Quantitative synthesis used 34 studies (Figure 1) published in English (n = 25) and
in Russian (n = 9). In addition, fourteen studies were conducted in Russia [3,38,83–94],
seven in Norway [74,95–100], six in the USA [27,101–105], four in Canada [19,21,22,106],
and three in Finland [107–109]. The details of the included studies are presented in Table 1.

Table 1. The data of the included studies.

Region Sample of
Animals, n

Macro- and Microelements, mg/100 g
Source

K P Na Mg Ca Fe Zn

Yamal-Nenets
Autonomous Okrug

(control group)
10 360.0

± 18.0
250.0
± 12.5

77.0
± 4.5

28.0
± 1.5

15.0
± 0.8

5.0
± 0.5

2.2
± 0.4 [own data]

Murmansk region 10 225.0
± 11.2

226.0
± 11.3

121.0
± 6.1

16.1
± 0.8

9.6
± 0.5

6.1
± 0.3

3.0
± 0.5 [38,83,86]

Komi Republic 10 333.0
± 50.0 * 54.16

± 9.2
31.03
± 4.55

7.13
± 1.78

5.55
± 0.9

4.19
± 0.7 [3]

Taimyr, Krasnoyarsk
Territory 30 465.0

± 10.2
71.0
± 5.0

276.0
± 11.0

120.0
± 10.0

158.0
± 40.0

18.2
± 1.5

10.1
± 0.8 [85]

Republic of Yakutia 10 316.6
± 6.4

266.7
± 6.5

137.2
± 4.5

23.7
± 0.5

14.9
± 0.6

15.2
± 1.6

3.0
± 0.5 [84,87–92]

Far East 10 305.2
± 15.0

194.4
± 9.7

77.4
± 3.9

24.5
± 1.2

10.2
± 0.5

2.9
± 0.15

3.0
± 0.5 [93,94]

Finland 30 318.0
± 15.9

230.0
± 11.5

95.0
± 4.8

26.0
± 1.3

8.1
± 0.4

3.6
± 0.2

3.0
± 0.2 [107–109]

Norway 30 290.0
± 14.5

189.0
± 9.5

95.0
± 4.8

33.0
± 2.0

7.0
± 1.3

2.9
± 0.7

4.8
± 1.6 [74,95–100]

Canada 158 451.8
± 22.5

219.5
± 11.0

49.7
± 2.5

33.1
± 1.7

5.0
± 0.3

5.4
± 0.3

3.5
± 0.2 [19,21,22,106]

Alaska, the USA 30 320.0
± 16.0

230.0
± 11.5

52.0
± 2.6

26.0
± 1.3

5.0
± 0.3

4.1
± 0.2

2.1
± 0.1 [27,101–105]

* No data.

The retrieved studies involved a total of 328 Rangifer tarandus, which were adult
animals of both sexes with an average age of 2.0 ± 0.5 years. The sample sizes ranged from
10 to 158. The mean value (mg/100 g) of macro- and microelements varied: Potassium—
from 225.0 ± 11.2 to 465.0 ± 10.2; sodium—from 49.7 ± 2.5 to 276.0 ± 11.0; phosphorus—
from 71.0 ± 5.0 to 266.7 ± 6.5; calcium—from 5.0 ± 0.3 to 158.0 ± 40.0; magnesium—from
16.1 ± 0.8 to 120.0 ± 10.0; iron—from 2.9 ± 0.15 to 18.2 ± 1.5; and zinc—from 2.1 ± 0.1 to
10.1 ± 0.8 (Table 1).
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Separate meta-analyses were conducted for different macro- and microelements (mag-
nesium, iron, zinc, calcium, potassium, sodium, and phosphorus).

3.2. Macro- and Microelement Composition in Reindeer Meat: Heterogeneity Analysis
3.2.1. Magnesium

The iron content in reindeer meat was available in 11 studies. The standardised mean
differences ranged from 2.9107 to 11.0987; most ratings were positive (100%). The estimated
standardised mean difference based on a random-effects model was 5.3972 (95% CI: 3.7340–
7.0604). Thus, the mean value was significantly different from zero (z = 6.3602, p < 0.0001)
(Table 2, Figure 2).

Table 2. The content of macro- and microelements in reindeer (Rangifer tarandus) meat: Heterogeneity
analysis.

Macro- and
Microelements

Random-Effects
Model, k Estimate * se Z p CI Lower CI Upper

Magnesium 9 5.40 0.849 6.36 <0.001 3.734 7.060

Iron 9 5.83 1.31 4.43 <0.001 3.250 8.404

Zinc 9 0.51 0.149 3.45 <0.001 0.22 0.804

Calcium 9 −2.12 2.45 −0.867 0.386 −6.918 2.674

Potassium 10 24.3 25.4 0.96 0.34 −25.45 73.99

Sodium 9 24.1 23.7 1.02 0.31 −22.31 70.5

Phosphorus 9 14.5 19.0 0.76 0.45 −22.7 51.7

Heterogeneity Statistics

Macro- and
Microelements Tau Tau2 I2 H2 df Q p

Magnesium 2.419 5.8524
(SE = 3.259) 92.17% 12.776 8.000 66.719 <0.001

Iron 3.832 14.686
(SE = 7.81) 97.04% 33.77 8.000 269.34 <0.001

Zinc 0.44 0.194
(SE = 0.0995) 97.67% 42.98 8.000 429.42 <0.001

Calcium 7.292 53.1782
(SE = 26.9478) 99.3% 142.905 8.000 488.351 <0.001

Potassium 79.87 6378.95
(SE = 3034.51) 99.44% 178.16 9.000 1970.58 <0.001

Sodium 71.00 5041.41
(SE = 2522.57) 99.94% 1779.06 8.000 8955.84 <0.001

Phosphorus 56.8 3227.16
(SE = 1621.7) 99.54% 216.18 8.000 2146.4 <0.001

* Note. Tau2 Estimator: Hedges.
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Figure 2. Forest plot of the comparison of the content of magnesium in reindeer (Rangifer tarandus)
meat by geographical regions.

The Q-test confirmed the heterogeneity of the sources, including the data on the content
of magnesium in reindeer (Rangifer tarandus) meat (Q(8) = 66.72, p < 0.0001, tau2 = 5.85,
I2 = 92.17%). The 95% interval was from 0.37 to 10.42. Publication bias was explored with a
visual inspection of the funnel plot (Figure 3), where the regression test showed asymmetry
in the funnel plot (p = 0.026), but not the rank correlation test (p = 0.3429) (Table 3).
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Table 3. The statistical analysis of publication bias of the included sources with the data on macro-
and microelements content in reindeer (Rangifer tarandus) meat *.

Macro- and
Microelements

Test

Fail-Safe N Egger’s Regression

Value p Value p

Magnesium 1559.000 <0 .001 2.221 0.026

Iron 1284.000 <0 .001 3.33 0.001

Zinc 1689.000 <0 .001 −0.099 0.921

Calcium 226.0 <0 .001 −0.14 0.89

Potassium 735.0 <0 .001 −0.14 0.89

Sodium 735.0 <0 .001 −0.14 0.89

Phosphorus 225.0 <0 .001 1.3 0.19
* Fault-tolerant calculation of N using Rosenthal’s approach.

3.2.2. Iron

The iron content in reindeer meat was available in 11 studies. The standardised mean
differences ranged from 0.32 to 11.56, and most ratings were positive (100%). The estimated
standardised mean difference was 5.83 (95% CI: 3.25–8.4) based on a random-effects model.
Thus, the mean value was significantly different from zero (z = 4.43, p < 0.0001) (Table 2,
Figure 4).
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The Q-test confirmed the heterogeneity of the sources, including the data on the
content of iron in reindeer (Rangifer tarandus) meat (Q(8) = 269.34, p < 0.0001, tau2 = 14.69,
I2 = 97.04%). The 95% interval was from −2.11 to 13.77. Publication bias was explored
with a visual inspection of the funnel plot (Figure 5), where the regression test showed
asymmetry in the funnel plot (p = 0.0009), but not the rank correlation test (p = 0.12)
(Table 3).
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3.2.3. Zinc

Data on the content of zinc in reindeer meat were available in 11 studies. The standard-
ised mean differences ranged from −0.05 to 1.52, with most ratings being positive (89%).
The estimated standardised mean difference based on a random-effects model was 0.51
(95% CI: 0.22–0.80). Thus, the mean value was significantly different from zero (z = 3.45,
p < 0.0006) (Table 2, Figure 6).
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Figure 6. Forest plot of the sources, including the data on the content of zinc in reindeer (Rangifer taran-
dus) meat in different geographical regions.

The Q-test confirmed the heterogeneity of the sources, including the data on the
content of zinc in reindeer (Rangifer tarandus) meat (Q(8) = 429.42, p < 0.0001, tau2 = 0.194,
I2 = 97.67%). The 95% interval was from −0.399 to 1.42. Publication bias was explored with
a visual inspection of the funnel plot (Figure 7), where the rank correlation and regression
tests were p = 0.45 and p = 0.92, respectively (Table 3).
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Figure 7. Funnel plot of the sources, including the data on the content of zinc in reindeer
(Rangifer tarandus) meat in different geographical regions.

3.2.4. Calcium

Data on calcium content in reindeer meat were available in 11 studies. The stan-
dardised mean differences ranged from −14.9 to 7.2, with most ratings being negative
(56%). The estimated standardised mean difference was −2.1 (95% CI: −6.92–2.67) based
on a random-effects model. Thus, the mean value was significantly different from zero
(z = −0.87, p = 0.39) (Table 2, Figure 8).
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Figure 8. The forest plot of the sources includes the data on the calcium content in reindeer (Rangifer
tarandus) meat in different geographical regions.

The Q-test confirmed the heterogeneity of the sources, including the data on the
content of calcium in reindeer (Rangifer tarandus) meat (Q(8) = 488.35, p < 0.0001, tau2 = 53.18,
I2 = 99.3%). The 95% interval was from −17.2 to 12.96. Publication bias was explored with
a visual inspection of the funnel plot (Figure 9), where the rank correlation and regression
test did not reveal any asymmetry in the funnel plot (p = 0.26 and p = 0.89, respectively)
(Table 3).
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Figure 9. The funnel plot of the sources includes the data on the calcium content in reindeer
(Rangifer tarandus) meat in different geographical regions.

3.2.5. Potassium

Data on potassium content in reindeer meat were available in 11 studies. The stan-
dardised mean differences ranged from −25.45 to 73.99, with most ratings being negative
(70%). The estimated standardised mean difference was 24.3 (95% CI: −25.45–73.99) based
on a random-effects model. Thus, the mean value was significantly different from zero
(z = 0.96, p = 0.34) (Table 2, Figure 10).
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Figure 10. Forest plot of the sources, including the data on potassium content in reindeer
(Rangifer tarandus) meat in different geographical regions.

The Q-test confirmed the heterogeneity of the sources, including the data on the
content of potassium in reindeer (Rangifer tarandus) meat (Q(9) = 1970.58, p < 0.0001,
tau2 = 6378.65, I2 = 99.44%). The 95% interval was from −164.4 to 161.95. Publication
bias was explored with a visual inspection of the funnel plot (Figure 11), where the rank
correlation and regression tests were p = 0.48 and p = 0.88, respectively (Table 3).
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Figure 11. Funnel plot of the sources, including the data on potassium content in reindeer
(Rangifer tarandus) meat in different geographical regions.

3.2.6. Sodium

Data on the content of sodium in reindeer meat were available in 11 studies. The
standardised mean differences ranged from −27.7 to 198.6, with most ratings being negative
(44%). The estimated standardised mean difference was 24.1 (95% CI: 22.31–70.5) based
on a random-effects model. Thus, the mean value was significantly different from zero
(z = 1.02, p = 0.31) (Table 2, Figure 12).
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Figure 12. Forest plot of the sources, including the data on sodium content in reindeer (Rangifer taran-
dus) meat in different geographical regions.

The Q-test confirmed the heterogeneity of the sources, including the data on the content
of sodium in reindeer (Rangifer tarandus) meat (Q(8) = 8955.85, p < 0.0001, tau2 = 5041.41,
I2 = 99.94%). The 95% interval was from −122.6 to 170.8. Publication bias was explored
with a visual inspection of the funnel plot (Figure 13), where the rank correlation and
regression tests were p = 0.14 and p = 0.46, respectively (Table 3).
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Figure 13. Funnel plot of the sources, including the data on sodium content in reindeer (Rangifer taran-
dus) meat in different geographical regions.

3.2.7. Phosphorus

The data on phosphorus content in reindeer meat was available in 11 studies. The
standardised mean differences ranged from −27.7 to 198.6, with most ratings being positive
(78%). The estimated standardised mean difference was 14.5 (95% CI: −22.7 to 51.7) based
on a random-effects model. Thus, the mean value was significantly different from zero
(z = 0.763, p = 0.45) (Table 2, Figure 14).
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Figure 14. Forest plot of the sources, including the data on phosphorus content in reindeer
(Rangifer tarandus) meat in different geographical regions.

The Q-test confirmed the heterogeneity of the sources, including the data on the
content of phosphorus in reindeer (Rangifer tarandus) meat (Q(8) = 2146.4, p < 0.0001,
tau2 = 3227.16, I2 = 99.54%). The 95% interval was from −102.9 to 131.9. Publication bias
was explored with a visual inspection of the funnel plot (Figure 15), which did not present
significant asymmetry: The rank correlation and regression tests were p = 0.34 and p = 0.19,
respectively (Table 3).
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4. Discussion

This meta-analysis has expanded the knowledge of the composition of reindeer meat
in different Arctic regions. The main findings of our research showed that the highest
concentration of macro- and microelements is present in reindeer meat of the follow-
ing Arctic regions: Magnesium—in Taimyr, Yamal-Nenets Autonomous Okrug, Canada;
iron—in Taimyr, Republic of Yakutia, Canada; zinc—in Taimyr, Komi Republic, Norway;
calcium—in Yamal-Nenets Autonomous Okrug, Republic of Yakutia, Taimyr; potassium—
in Canada, Taimyr, Yamal-Nenets Autonomous Okrug; sodium—in Taimyr, Republic of
Yakutia; phosphorus—in Republic of Yakutia, Alaska, Finland. Different proportions of
macro- and microelements in reindeer meat can be a pre-condition for discussing the possi-
ble correlation between the value (nutritious and biological) and price of reindeer meat in
different Arctic regions.

Different content of the macro- and microelements in the Arctic regions can be ex-
plained by ecosystems and anthropogenic (economic and industrial differentiation) factors.
For example, a higher concentration of magnesium, calcium, potassium, and sodium in
the Arctic regions with a harsh climate can be the outcome of a longer period of eating
lichens and rags of vascular plants as a result of a long snow season. This is probably due
to the higher concentration of trace elements in lichens and scrubs than green plants [110].
Higher concentrations of iron in Taimyr, the Republic of Yakutia, and Canada are probably
associated with the regional features of iron accumulation in acidified soils and the high
content of this trace element in the surface waters of these Arctic regions [111]. The high
zinc content in Taimyr, Komi Republic, and Norway is possibly due to anthropogenic pol-
lution caused by mining and processing polymetallic ores containing zinc [112]. However,
the increased zinc content may also be of natural origin [113]. The phosphate content is
probably related to the geochemical features of the soils [114]. In comparison, the soils
of the Alaska and Finland regions contain more phosphates available for plants [115].
However, the primary source of the macro- and microelements in reindeer meat is their
nutrition.

The supply of metals largely depends on their content in the surface layer of the
soil [116]. Plants accumulate chemical compounds from the surface layer of the soil, which
is typical for most of the territory of the Kola Peninsula, the Arkhangelsk Region, and
the Nenets Autonomous Okrug and, to a lesser extent, with a decreasing trend in metal
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concentrations in the Yamal-Nenets Autonomous Okrug and the Republic of Yakutia [117].
Zinc belongs to the elements of strong biological accumulation [118,119], so the increase
in the concentration of this element in soils is strongly associated with the processes of
accumulation in plants (e.g., in Western Siberia [120,121]). Consequently, zinc entry with
plant litter into the soil is very intensive.

Reindeers’ diet consists of lichens, mosses, and vascular plants, accumulating signifi-
cant amounts of metals and metalloids [79,122,123]. Therefore, the considerable variation
of reindeers’ habitat causes significant differences in the reindeer’s diet. For example, the
macro- and microelement composition of venison is influenced by the species composition
of plants and lichens and the content of trace elements in them, the duration of grazing
seasons on summer pastures, the proportion of green fodder, shrubs, lichens, mushrooms,
eggs of birds, and rodents, the macro- and microelement composition of soil and water, the
presence of pollution, the availability of salty seawater, cutting antlers, etc. The rich diet of
Reindeer tarandus is also explained by specific seasonal migration to areas with different
forage resources. Summer pastures are rich with herbaceous plants and shrubs. In contrast,
winter pastures have many lichens.

The reindeer consumes 44 shrub willows and birches, 94 species of sedges, 52 species
of cereals, 24 species of legumes, and 170 species of other plants [121]. Lichens are an
essential and rich part of the reindeer’s diet, especially in wet and frosty seasons (mainly in
winter). So, on the territories located in the Arctic tundra zone (i.e., the northern part of the
Yamal-Nenets Autonomous Okrug), as the significant part of the reindeer’s ratio, lichens
dominate most of the year [124–126]. In venison, it results in a high concentration of iron
and zinc (important elements of antioxidant systems and cytochromes of the respiratory
cell chain). The concentration of many trace elements in lichens is generally higher than
in bryophytes, ferns, conifers, shrubs, and grasses [110]: Lichens accumulate more Co, Ni,
Mo, Au, Mg, Ca, Zn, Cd, Sn, and Pb compared with other plants in the Arctic region [127].
Due to the lack of a root system and obtaining most minerals with precipitation (snow,
rains), the concentration of trace elements in lichens highly depends on the transboundary
transfer of trace elements and the amount of precipitation [128]. So, in more southern and
western regions of Eurasia, less magnesium and calcium are accumulated in lichens than in
the eastern and northern areas due to a large amount of precipitation during the snowless
period [127]. The accumulation of trace elements by lichen also depends on its type and
geographical location [129], i.e., woody lichens accumulate less zinc than bushy lichens
(e.g., Cetraria, Cladonia) [130].

Moss, quickly accumulating metals, is the dominant form of vegetation in Arctic
tundra ecosystems [122,131]. Sea aerosol is an additional source of elements including
sodium, lead, mercury, and caesium [123,132]. Some of the elements are accumulated
efficiently in mosses (e.g., Cd, Co, Cr, Cu, Fe, Mn, and Zn) [122], the Zn-Cd-Cu-Mn and Mo
element correlation may be explained by their dietary intake from moss tundra. Compared
to other Arctic regions and Canada, the values of most trace elements in the soils of the
Yamal-Nenets Autonomous Okrug is higher (except Pb, Fe, and Mn) [133]. It can impact
their transition to venison and increase the nutritious value of the reindeer meat in this
Arctic region.

While mosses, lichens, and shrubs mostly accumulate cationogenic elements, herba-
ceous plants do it with anionic ones [111]. In the northern subarctic tundras, Zn, Nb, P, Mn,
and Cu are actively accumulated [134]; in the middle and southern tundras, there are Zn, P,
and Mn, and in the low northern subarctic tundras close to the coastal areas, the spectrum
of elements is much more comprehensive than on the uplands of the continent [111].

Sedges and grasses and cereals (e.g., arctophile, bluegrass, arctagrostis, reed grass)
dominate in the reindeer’s diet (over 50% in early autumn; over 40% in early autumn)
during the snowless period [135], and they actively accumulate Cu, Zn, and Pb [111]. In
winter, especially with a lack of lichen forage, the rags of these plants can make up even
more than 60% of the reindeer’s diet.
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The source of zinc, silver, lead, manganese, and barium for a reindeer is vaginal fluffy
(Erióphorum vaginátum), a valuable nutritious food in winter and spring [136,137]. The
accumulation of these trace elements depends not only on the composition of the substrate
but also on the acidity of the soil [138]. Variegated and reed horsetails included in the
reindeer’s diet in early spring and autumn, as well as field horsetail, marsh horsetail, marsh
horsetail, and meadow horsetail all year round [135], also contribute to enriching reindeer
meat with manganese, silicon, and iron [111].

The high content of zinc and copper in reindeer meat can also result from consuming
leaves of willows (gray willow, filiform willow, spear-shaped willow, ferruginous willow,
Lapland willow, beautiful willow) and low and white birch. In early summer, the leaves
of shrubs can provide up to 30% of the reindeer’s diet (over 90% of them are willow
leaves) [135]. Yernik and willow have the maximum accumulation of zinc [120].

Upon consuming blueberries, lingonberries, cloudberries, bearberries, crows, and
rowan berries, a reindeer accumulates zinc, iron, and magnesium [134]. Likewise, mush-
rooms bring zinc, selenium, lead, copper, strontium, and mercury in a reindeer’s diet [139].
While grazing, a reindeer can also eat birds’ eggs, lemmings and voles, rodent nests,
and frozen fish, covering the deficiency of such trace elements as calcium, potassium,
phosphorus, sodium and zinc [140].

The knowledge of the macro- and microelement content of reindeer meat can help
develop dietary programmes to manage the health risks of Arctic residents. The concen-
tration of valuable trace elements necessary for adaptation in the Arctic is much higher
in venison than other meat types. In north-eastern Canada, Kuhnlein H.V. et al. (1996)
proved that consuming traditional food (venison) results in receiving more phosphorus,
iron, zinc, and magnesium compared with imported products [20]. According to Bogdan
E.G. and Turshuk E.G. (2016), S.V. Andronov, and A.A. Lobanov et al. (2017), venison is
rich in macro- and microelements, has high nutritional and biological value [37,141].

Some researchers recommend widely using reindeer products to increase human
resistance to unfavourable environmental factors in the diet [41,141–144] because reindeer
meat is especially rich in calcium, phosphorus, potassium, sodium, magnesium, iron, and
zinc. The high phosphorus, magnesium, potassium, and iron content in venison provides
its high efficiency for increasing adaptation to cold stress and geomagnetic activity in
the Arctic [145,146]. A diet enriched with reindeer products significantly increases the
antiatherogenic fraction of blood lipids, prevents overweight, atherosclerosis, and heart
disease [37,144], and improves microcirculation, tissue fluid exchange, and the body’s
antioxidant defence against free radicals [6]. A sufficiently large amount of trace elements
(iron, zinc) contained in venison can help to prevent acute infectious diseases and provide
antioxidant protection of the human body from free radicals [91,102]. This explains the
high efficiency of adaptation to cold stress, as well as increased prophylactic activity during
hypothermia [7,8].

The important contribution of reindeer meat and its macro-nutrients towards adapta-
tion was acknowledged in Nordic countries. According to the Nordic nutrition recommen-
dations, reindeer meat as game meat does not present the epidemiological evidence shown
with high consumption of processed or red meat increasing the risk of colorectal cancer,
type-2 diabetes, obesity, and coronary heart disease [147,148].

Our study had some limitations. First, the reindeer habitat in the Arctic is huge,
therefore we had to present a less-detailed analysis for some regions. Second, a number
of published studies included in the analysis are characterised by heterogeneity. In our
meta-analysis, we used random effects models; so, a high level of heterogeneity (>80.0%)
could impact the reliability. Third, there were a number of variations in the studies that
were analysed: The quality, research methods, observation period, etc. Finally, selection
bias is possible because observational studies were used in this meta-analysis.

The strengths of our study are associated with the implementation of a complex
approach to systematising information on the mineral composition of reindeer meat in dif-
ferent Arctic regions. The meta-analysis has wide geographical coverage. A comprehensive
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and robust search strategy was designed to avoid the loss of relevant research. Moreover,
there were no studies excluded for linguistic reasons to avoid linguistic bias. In addition,
routine tests and visual inspection of the funnel plot plots did not reveal any evidence of a
risk of publication bias.

5. Conclusions

The meta-analysis revealed that the indicators of the content of trace elements in
reindeer meat had a high variability depending on the geographical region. The ecosystems
and anthropogenic factors strongly impacted the macro- and microelements composition of
reindeer meat in different Arctic regions. In the Russian Arctic regions with the most severe
climatic conditions (especially, Taimyr, Yamal-Nenets Autonomous Okrug, and the Republic
of Yakutia) and Canada, venison has the highest mineral saturation, and therefore, higher
nutritious and biological value due to enriched biodiversity and the rich fodder base for
reindeer. This makes reindeer meat an effective means of preventing obesity and adapting
to cold due to the content of a complete set of essential trace elements and amino acids.
The high content of iron and zinc in reindeer meat increases the body’s antioxidant defence
against free radicals and helps to prevent chronic non-infectious diseases. Ultimately,
future research could compare the differences in the content of macro- and microelements
in venison and other types of meat in the Arctic to prove its higher biological value.

A unique macro- and microelement composition of reindeer meat also proves its
economic value and will be important for nutritional policy makers in the Arctic regions.
This is a good pre-condition for the negotiation of fair prices for reindeer meat exported
from this region based on the balance of the nutritious/biological value and price. It
contributes to increasing the profitability of reindeer herding in the Arctic regions and
maintaining this significant traditional livelihood of the Indigenous Peoples.
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Appendix A

Table A1. PRISMA Checklist *.

Section/Topic # Checklist Item Reported on Page #

TITLE

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants, and interventions;
study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings; systematic review registration number. 1

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already known. 1–3

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design
(PICOS). 2–3

METHODS

Protocol and
registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information including

registration number. N/A

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as
criteria for eligibility, giving rationale. 3–4

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and
date last searched. 3–4

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 3-4

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis). 3–4

Data collection
process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data

from investigators. 4–5

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made. 4–5

Risk of bias in
individual studies 12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level),

and how this information is to be used in any data synthesis. 5

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 5

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) for each meta-analysis. 5

Risk of bias across
studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies). 5, Appendix B

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-specified. N/A
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Table A1. Cont.

Section/Topic # Checklist Item Reported on Page #

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow
diagram. 5–6

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. 5–14

Risk of bias within
studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 6–14

Results of individual
studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) effect estimates and

confidence intervals, ideally with a forest plot. 6–14

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. 6–14

Risk of bias across
studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 6–14

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). N/A

DISCUSSION

Summary of
evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare

providers, users, and policy makers). 14–17

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, reporting bias). 16–17

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 17

FUNDING

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review. 17

* According to [46].



Sustainability 2022, 14, 1173 20 of 28

Appendix B

Table A2. Quality Criteria Checklist *.

Quality Criteria
checklists [3] [85] [88] [89] [84] [90] [91] [92] [39]

Year 2019 2019 2010 2011 2014 2016 2017 2019 2019

Relevance questions

1 Yes Yes Yes Yes Yes Yes Yes Yes Yes

2 Yes Yes Yes Yes Yes Yes Yes Yes Yes

3 Yes Yes Yes Yes Yes Yes Yes Yes Yes

4 N/A N/A N/A N/A N/A N/A N/A N/A N/A

Validity Questions

1 Yes Yes Yes Yes Yes Yes Yes Yes Yes

2 Yes Yes Yes Yes Yes Yes Yes Yes Yes

3 Yes Yes Yes Yes Yes Yes Yes Yes Yes

4 N/A N/A N/A N/A N/A N/A N/A N/A N/A

5 Yes Yes Yes Yes Yes Yes Yes Yes Yes

6 Yes Yes Yes Yes Yes Yes Yes Yes Yes

7 Yes Yes Yes Yes Yes Yes Yes Yes Yes

8 Yes Yes Yes Yes Yes Yes Yes Yes Yes

9 Yes Yes Yes Yes Yes Yes Yes Yes Yes

10 Yes Yes Yes Yes Yes Yes Yes Yes Yes

Quality Rating (+,0,−) + + + + + + + + +

Quality Criteria
checklists [19] [21] [22] [98] [95] [96] [74] [97]

Year 1992 2000 2002 2002 2012 2012 2012 2013

Relevance questions

1 Yes Yes Yes Yes Yes Yes Yes Yes

2 Yes Yes Yes Yes Yes Yes Yes Yes

3 Yes Yes Yes Yes Yes Yes Yes Yes

4 N/A N/A N/A N/A N/A N/A N/A N/A

Validity Questions

1 Yes Yes Yes Yes Yes Yes Yes Yes

2 Yes Yes Yes Yes Yes Yes Yes Yes

3 Yes Yes Yes Yes Yes Yes Yes Yes

4 N/A N/A N/A N/A N/A N/A N/A N/A

5 Yes Yes Yes Yes Yes Yes Yes Yes

6 Yes Yes Yes Yes Yes Yes Yes Yes

7 Yes Yes Yes Yes Yes Yes Yes Yes

8 Yes Yes Yes Yes Yes Yes Yes Yes

9 Yes Yes Yes Yes Yes Yes Yes Yes

10 Yes Yes Yes Yes Yes Yes Yes Yes

Quality Rating (+,0,−) + + + + + + + +
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Table A2. Cont.

Quality Criteria
checklists [107] [108] [109] [102] [103] [104] [105] [106]

Year 1995 1997 2007 2010 2011 2014 2020 2021

Relevance questions

1 Yes Yes Yes Yes Yes Yes Yes Yes

2 Yes Yes Yes Yes Yes Yes Yes Yes

3 Yes Yes Yes Yes Yes Yes Yes Yes

4 N/A N/A N/A N/A N/A N/A N/A N/A

Validity Questions

1 Yes Yes Yes Yes Yes Yes Yes N/A

2 Yes Yes Yes Yes Yes Yes Yes N/A

3 Yes Yes Yes Yes Yes Yes Yes Yes

4 N/A N/A N/A N/A N/A N/A N/A N/A

5 Yes Yes Yes Yes Yes Yes Yes Yes

6 Yes Yes Yes Yes Yes Yes Yes Yes

7 Yes Yes Yes Yes Yes Yes Yes Yes

8 Yes Yes Yes Yes Yes Yes Yes Yes

9 Yes Yes Yes N/A N/A N/A N/A N/A

10 Yes Yes Yes Yes Yes Yes Yes Yes

Quality Rating (+,0,−) + + + + + + + +

Quality Criteria
checklists [83] [100] [27] [87] [38] [101] [99] [93] [94]

Year 1999 2006 2009 2009 2018 2019 2019 2020 2013

Relevance questions

1 Yes Yes Yes Yes Yes Yes Yes Yes Yes

2 Yes Yes Yes Yes Yes Yes Yes Yes Yes

3 Yes Yes Yes Yes Yes Yes Yes Yes Yes

4 N/A N/A N/A N/A N/A N/A N/A N/A N/A

Validity Questions

1 Yes Yes Yes Yes Yes Yes Yes N/A Yes

2 Yes N/A N/A Yes Yes N/A N/A N/A Yes

3 Yes Yes Yes Yes Yes Yes Yes Yes Yes

4 N/A N/A N/A N/A N/A N/A N/A N/A N/A

5 Yes Yes Yes Yes Yes Yes Yes Yes Yes

6 Yes Yes Yes Yes Yes Yes Yes Yes Yes

7 Yes Yes Yes Yes Yes Yes Yes Yes Yes

8 Yes Yes Yes Yes Yes Yes Yes Yes Yes

9 Yes N/A N/A Yes Yes N/A N/A N/A Yes

10 Yes Yes Yes Yes Yes Yes Yes Yes Yes

Quality Rating (+,0,−) + + + + + + + + +
* According to [54].



Sustainability 2022, 14, 1173 22 of 28

References
1. Atsusi, Y. Kul’tura Pitaniya Gydanskih Nencev: (Interpretaciya i Social’naya Adaptaciya) [Food Culture of the Gydan Nenets: (Interpretation

and Social Adaptation)]; Russian Academy of Sciences: Moscow, Russia, 1997; 252p.
2. Inerbaeva, A.T. Ocenka kachestva i bezopasnosti oleniny i myasnyh izdelij na ee osnove [Assessment of the quality and safety of

venison and meat products based on it]. Sib. Her. Agric. Sci. 2018, 48, 80–86. [CrossRef]
3. Semenova, A.A.; Derevickaya, O.K.; Dydykin, A.S.; Aslanova, M.A.; Vostrikova, N.L.; Ivankin, A.N. Harakternye osobennosti

nutrientnogo sostava vorkutinskoj oleniny, obuslovlennye usloviyami regiona proiskhozhdeniya [Characteristic features of the
nutritional composition of the Vorkuta venison, conditioned by the conditions of the region of origin]. Probl. Nutr. 2019, 88, 72–79.
[CrossRef]

4. Kozlov, A.I. Pishcha Lyudej [Human Food]; Vek 2: Fryazino, Russia, 2005; 272p.
5. Moldanova, T.A. Pishcha kak element etnicheskoj identichnosti i mezhkul’turnogo vzaimodejstviya [Food as an element of ethnic

identity and intercultural interaction]. Bull. Ugric Stud. 2017, 7, 131–143.
6. Andronov, S.V.; Bogdanova, E.N.; Lobanov, A.A.; Voronenko, A.G.; Gritsenko, V.N.; Detter, G.P.; Kobelkova, I.V.; Kochkin,

R.A.; Lobanova, L.P.; Popov, A.I.; et al. Food Security of the Indigenous Peoples of the Arctic Zone of Western Siberia in the Context of
Globalization and Climate Change; Publishing House KIRA: Arkhangelsk, Russia, 2020; 374p.

7. Andronov, S.; Lobanov, A.; Popov, A.; Luo, Y.; Shaduyko, O.; Fesyun, A.; Lobanova, L.; Bogdanova, E.; Kobel’Kova, I. Changing
diets and traditional lifestyle of Siberian Arctic Indigenous Peoples and effects on health and well-being. Ambio 2020, 50, 1–12.
[CrossRef]

8. Bogdanova, E.; Lobanov, A.; Andronov, S.; Popov, A.; Kochkin, R.; Morell, I.A. Traditional nutrition of Indigenous peoples in the
Arctic zone of Western Siberia. Challenges and impact on food security and health. In Food Security in the High North Contemporary
Challenges Across the Circumpolar Region; Taylor & Francis Group Series; Routledge Research in Polar Regions: London, UK, 2020.
[CrossRef]

9. Bogdanova, E.; Andronov, S.; Morell, I.A.; Hossain, K.; Raheem, D.; Filant, P.; Lobanov, A. Food Sovereignty of the Indigenous
Peoples in the Arctic Zone of Western Siberia: Response to COVID-19 Pandemic. Int. J. Environ. Res. Public Health 2020, 17, 7570.
[CrossRef]

10. Pavlinov, I.Y.A.; Lisovskij, A.A. Mlekopitayushchie Rossii: Sistematiko-Geograficheskij Spravochnik [Mammals of Russia: A Taxonomy-
Geographical Reference Book]; Tovarishchestvo nauchnyh izdanij KMK: Moscow, Russia, 2012; 604p.

11. Gunn, A. Rangifer tarandus. In The IUCN Red List of Threatened Species; E.T29742A22167140; 2016. Available online: https:
//www.iucnredlist.org/species/29742/22167140 (accessed on 10 March 2021).

12. Rosstat. Bulletin “Pogolov’e Skota v Rossijskoj Federacii v 2020 Godu” [Bulletin “Livestock in the Russian Federation in 2020”]; ROSSTAT:
Moscow, Russia, 2021; p. 8.

13. Ohrana Okruzhayushchej Sredy v Rossii [Environmental Protection in Russia]; ROSSTAT: Moscow, Russia, 2016; 95p.
14. Lajshev, K.A.; Yuzhakov, A.A.; Muhachev, A.D. Vliyanie razlichnyh faktorov na himicheskij sostav i kalorijnost’ myasa domashnih

severnyh olenej [Influence of various factors on the chemical composition and caloric content of domestic reindeer meat]. Actual
Quest. Vet. Biol. 2021, 3, 62–67.

15. Kushnir, A.V.; Yuzhakov, A.A.; Zakrevskij, S.R.; Polukeev, S.M. Biohimicheskij polimorfizm po koncentracii kaliya v krovi
severnyh olenej neneckoj aborigennoj porody [Biochemical polymorphism in the concentration of potassium in the blood of
reindeer of the Nenets aboriginal breed]. Sib. Her. Agric. Sci. 2007, 6, 51–58.

16. Ophof, A.A.; Oldeboer, K.W.; Kumpula, J. Intake and chemical composition of winter and spring forage plants consumed by
semi-domesticated reindeer (Rangifer tarandus) in Northern Finland. Anim. Feed. Sci. Technol. 2013, 185, 190–195. [CrossRef]

17. Schaefer, O. Changing Dietary patterns in the Canadian North: Health, social and economic consequences. J. Can. Diet. Assoc.
1977, 38, 17–25.

18. Hoppner, K.; McLaughlan, J.M.; Shah, B.G.; Thompson, J.N.; Beare-Rogers, J.; Ellestad-Sayed, J.; Schaefer, O. Nutrient levels of
some foods of Eskimos from Arctic Bay, N.W.T., Canada. J. Am. Diet. Assoc. 1978, 73, 257–261. [CrossRef]

19. Kuhnlein, H.V.; Soueida, R. Use and nutrient composition of traditional Baffin Inuit foods. J. Food Compos. Anal. 1992, 5, 112–126.
[CrossRef]

20. Kuhnlein, H.V.; Soueida, R.; Receveur, O. Dietary nutrient profiles of Canadian Baffin Island Inuit differ by food source, season
and age. J. Am. Diet. Assoc. 1996, 96, 155–162. [CrossRef]

21. Kuhnlein, H.V.; Receveur, O.; Chan, H.M.; Loring, E. Assessment of Dietary Benefit/Risk in Inuit Communities; Technical report;
Centre for Indigenous Peoples’ Nutrition and Environment (CINE), McGill: Quebec City, QC, Canada, 2000; 458p, ISBN 0-7717-
0558-1. Available online: https://www.mcgill.ca/cine/files/cine/assessment_of_dietary_benefit_risk_in_inuit_communities.pdf
(accessed on 10 March 2021).

22. Kuhnlein, H.V.; Chan, H.M.; Leggee, D.; Barthet, V. Macronutrient, mineral and fatty acid composition of Canadian Arctic
traditional food. J. Food Compos. Anal. 2002, 15, 545–566. [CrossRef]

23. Kuhnlein, H.V.; Receveur, O.; Soueida, R.; Egeland, G.M. Arctic Indigenous Peoples experience the nutrition transition with
changing dietary patterns and obesity. J. Nutr. 2004, 134, 1447–1453. [CrossRef]

24. Kuhnlein, H.V.; Barthet, V.; Farren, A.; Falahi, E.; Leggee, D.; Receveur, O.; Berti, P. Vitamins A, D, and E in Canadian Arctic
traditional food and adult diets. J. Food Compos. Anal. 2006, 19, 495–506. [CrossRef]

http://doi.org/10.26898/0370-8799-2018-4-11
http://doi.org/10.24411/0042-8833-2019-10056
http://doi.org/10.1007/s13280-020-01387-9
http://doi.org/10.4324/9781003057758-6
http://doi.org/10.3390/ijerph17207570
https://www.iucnredlist.org/species/29742/22167140
https://www.iucnredlist.org/species/29742/22167140
http://doi.org/10.1016/j.anifeedsci.2013.08.005
http://doi.org/10.1016/S0002-8223(21)05728-X
http://doi.org/10.1016/0889-1575(92)90026-G
http://doi.org/10.1016/S0002-8223(96)00045-4
https://www.mcgill.ca/cine/files/cine/assessment_of_dietary_benefit_risk_in_inuit_communities.pdf
http://doi.org/10.1016/S0889-1575(02)91066-5
http://doi.org/10.1093/jn/134.6.1447
http://doi.org/10.1016/j.jfca.2005.02.007


Sustainability 2022, 14, 1173 23 of 28

25. Kuhnlein, H.V.; Erasmus, B.; Spigelski, D. Indigenous Peoples’ Food Systems: The Many Dimensions of Culture, Diversity and
Environment for Nutrition and Health; United Nations Food and Agriculture Organization: Rome, Italy, 2009; 337p, ISBN 978-92-5-
106071-1. Available online: http://www.fao.org/3/a-i0370e.pdf (accessed on 10 March 2021).

26. Nobmann, E. Nutrient Value of Alaska Native Foods; U.S. Department of Health and Human Services, Indian Health Service, Alaska
Area Native Health Service: Anchorage, AK, USA, 1993.

27. USDA Nutrient Database for Standard Reference, Legacy Release 22; Ag Data Commons, U.S. Department of Agriculture: Beltsville,
MD, USA, 2009. Available online: https://data.nal.usda.gov/dataset/usda-national-nutrient-database-standard-reference-
legacy-release (accessed on 10 March 2021).

28. Lobanov, A.A.; Lobanova, L.P.; Popov, A.I.; Andronov, S.V.; Kochkin, R.A.; Kostritsyn, V.V.; Protasova, I.V. The Composition for
the Preparation of Crackers, Food Additive for It and the Method of Its Preparation. Patent RU 2690451 C1, 3 June 2019.

29. Andronov, S.; Lobanov, A.; Popov, A.; Lobanova, L.; Kochkin, R.; Bogdanova, E.; Protasova, I. The impact of traditional nutrition
on reduction of the chronic nonobstructive bronchitis risk in the indigenous peoples living in tundra of the Arctic zone in Western
Siberia, Russia. Eur. Respir. J. 2018, 52, PA796. [CrossRef]

30. Romanenko, T.M. Struktura raciona severnyh olenej v ekologicheskih usloviyah vypasa bol’shezemel’skoj tundry Neneckogo
avtonomnogo okruga [The structure of the diet of reindeer in the ecological conditions of grazing on the Bolshezemelskaya
tundra of the Nenets Autonomous Okrug]. In Global’nye Problemy Arktiki i Antarktiki; FITS RAN: Arkhangelsk, Russia, 2020;
pp. 1111–1113.

31. Ilyina, L.A.; Filippova, V.A.; Laishev, K.A.; Yildirim, E.A.; Dunyashev, T.P.; Brazhnik, E.A.; Dubrovin, A.V.; Sobolev, D.V.; Tyurina,
D.G.; Novikova, N.I.; et al. Sezonnye izmeneniya mikro-bioma rubca u severnogo olenya (rangifer tarandus) v usloviyah
rossijskoj Arktiki [Seasonal changes in the rumen microbiome in reindeer (rangifer tarandus) in the Russian Arctic]. Agric. Biol.
2020, 55, 697–713.

32. Ilyina, L.A.; Laishev, K.A.; Yildirim, E.A.; Filippova, V.A.; Dunyashev, T.P.; Dubrovin, A.V.; Sobolev, D.V.; Novikova, N.I.; Laptev,
G.Y.; Yuzhakov, A.A.; et al. Mesto obitaniya kak opredelyayushchij faktor formirovaniya mikrobioma rubca u severnyh olenej
v Arkticheskoj Rossii [Habitat as a determining factor in the formation of the rumen microbiome in reindeer in Arctic Russia].
Agric. Biol. 2019, 54, 1177–1187.

33. Kim, Y.M. O biologicheskoj cennosti myasa severnogo olenya v zavisimosti ot vremeni goda [On the biological value of reindeer
meat depending on the season]. Bull. Sci. Tech. Inf. Res. Inst. High North 1972, 2, 5–7.

34. Kim, Y.M. Himicheskij Sostav i Pishchevaya Cennost’ Myasa Domashnih Severnyh Olenej [Chemical Composition and Nutritional Value of
Domestic Reindeer Meat]; Moscow Veterinary Academy named after K.I.Skryabin: Moscow, Russia, 1973; 23p.

35. Kim, Y.M. Kolichestvennyj i kachestvennyj sostav svobodnyh aminokislot myshechnoj tkani severnyh olenej v zavisimosti ot
vremeni goda [Quantitative and qualitative composition of free amino acids in the muscle tissue of reindeer depending on the
season]. Bull. Sci. Tech. Inf. Res. Inst. High North 1974, 2–4, 17–19.

36. Kondrat, A.M. Soderzhanie Makro- (Ca, P, Mg, Na, K) i Mikroelementov (Fe, Cu, Mn, Co) v Tkanyah, Organah Domashnih Olenej i
Pastbishchnyh Rasteniyah Severo-Vostochnogo Zabajkal’ya [Content of Macro- (Ca, P, Mg, Na, K) and Microelements (Fe, Cu, Mn, Co)
in Tissues, Organs of Domestic deer and Pasture Plants of Northeastern Transbaikalia]; All-Union Academy of Agricultural Sciences
Sciences named after V. I. Lenin: Borovsk, Russia, 1975; 16p.

37. Bogdan, E.G.; Turshuk, E.G. Harakteristika oleniny. Issledovanie vitaminnogo i zhirno-kislotnogo sostava myasa odomash-
nennogo severnogo olenya [Venison characteristics. Study of the vitamin and fatty acid composition of the meat of a domesticated
reindeer]. Bull. MSTU 2016, 19, 842–847. [CrossRef]

38. Bogdan, E.G.; Turshuk, E.G. Sposob Proizvodstva Marinovannyh Melkokuskovyh Myasnyh Polufabrikatov [Method for the
Production of Marinated Small-Sized Meat Semi-Finished Products]. Patent of the Russian Federation RU2649641C1, 4 April 2018.

39. Bogdan, E.G. Razrabotka Tekhnologii i Tovarovednaya Ocenka Myasnyh Kulinarnyh Izdelij iz Myasa Odomashnennogo
Severnogo Olenya [Development of Technology and Commodity Assessment of Meat Culinary Products from Meat of a
Domesticated Reindeer]. Ph.D. Thesis, Moscow State University of Food Production, Moscow, Russia, 2019; 201p.

40. Tutelyan, V.A. Himicheskij Sostav i Kalorijnosti Rossijskih Produktov Pitaniya [Chemical Composition and Caloric Content of Russian Food
Products]; DeLi plus: Moscow, Russia, 2012; 284p.

41. Ermosh, L.G.; Safronova, T.N.; Evtukhova, O.M.; Kazina, V.V. Analiz pitaniya rabotnikov tyazhelogo truda, vahtovym metodom
v usloviyah Krajnego Severa. Rossijskaya Arktika [Analysis of the nutrition of workers of hard labor, on a rotational basis in the
High North]. Russ. Arct. 2018, 3, 71–92. [CrossRef]

42. Caballero, B.; Allen, L.; Prentice, A. Encyclopedia of Human Nutrition; Elsevier Inc.: Amsterdam, The Netherlands, 2012; 2190p.
43. Garry, M.R.; Shock, S.S.; Salatas, J.; Dau, J. Application of a weight of evidence approach to evaluating risks associated with

subsistence caribou consumption near a lead/zinc mine. Sci. Total Environ. 2018, 619–620, 1340–1348. [CrossRef] [PubMed]
44. Petrenya, N.; Rylander, C.; Brustad, M. Dietary patterns of adults and their associations with Sami ethnicity, sociodemographic

factors, and lifestyle factors in a rural multiethnic population of northern Norway—The SAMINOR 2 clinical survey. BMC Public
Health 2019, 19, 1632. [CrossRef]

45. Borch-Iohnsen, B.; Nilssen, K.J.; Norheim, G. Influence of season and diet on liver and kidney content of essential elements and
heavy metals in svalbard reindeer. Biol. Trace Elem. Res. 1996, 51, 235–247. [CrossRef]

46. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. The PRISMA Group. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement. PLoS Med. 2019, 6, e1000097. [CrossRef]

http://www.fao.org/3/a-i0370e.pdf
https://data.nal.usda.gov/dataset/usda-national-nutrient-database-standard-reference-legacy-release
https://data.nal.usda.gov/dataset/usda-national-nutrient-database-standard-reference-legacy-release
http://doi.org/10.1183/1393003.congress-2018.PA796
http://doi.org/10.21443/1560-9278-2016-4-842-847
http://doi.org/10.24411/2658-4255-2018-00013
http://doi.org/10.1016/j.scitotenv.2017.11.149
http://www.ncbi.nlm.nih.gov/pubmed/29734611
http://doi.org/10.1186/s12889-019-7776-z
http://doi.org/10.1007/BF02784078
http://doi.org/10.1371/journal.pmed1000097


Sustainability 2022, 14, 1173 24 of 28

47. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef]

48. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher, D.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. PLoS Med. 2009, 6, e1000100. [CrossRef]

49. National Standard GOST R 51447-99 (ISO 3100-1-91); Myaso i Myasnye Produkty. Metody Otbora Prob [Meat and Meat Products.
Sampling Methods]. Gosstandart: Moscow, Russia, 2001.

50. R 4.1.1672–03. Rukovodstvo po Metodam Kontrolya Kachestva i Bezopasnosti Biologicheski Aktivnyh Dobavok k Pishche [Guidelines
for Quality Control and Safety of Dietary Supplements]; Federal Center for State Sanitary and Epidemiological Supervision of the
Ministry of Health of Russia: Moscow, Russia, 2004; 240p.

51. National Standard GOST 30178-96; Syr’e i Produkty Pishchevye. Atomno-Absorbcionnyj Metod Opredeleniya Toksichnyh
Elementov [Raw Materials and Food Products. Atomic Absorption Method for the Determination of Toxic Elements]. Gosstandart:
Moscow, Russia, 1998.

52. Fowkes, F.G.; Fulton, P.M. Critical appraisal of published research: Introductory guidelines. BMJ 1991, 302, 1136–1140. [CrossRef]
53. Myers, E.F.; Parrott, J.S.; Cummins, D.S.; Splett, P. Funding Source and Research Report Quality in Nutrition Practice-Related

Research. PLoS ONE 2011, 6, e28437. [CrossRef]
54. Evidence Analysis Manual: Steps in the ADA Evidence Analysis Process; Research and Strategic Business Development, Ameri-

can Dietic Association: Chicago, IL, USA, 2010; 31p. Available online: https://journals.plos.org/plosone/article/file?type=
supplementary&id=info:doi/10.1371/journal.pone.0028437.s001 (accessed on 10 March 2021).

55. Higgins, J.P.T.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring inconsistency in meta-analyses. BMJ 2003, 327, 557–560.
[CrossRef]

56. Higgins, J.P.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539–1558. [CrossRef]
57. Rosenthal, R. Parametric measures of effect size. In The Handbook of Research Synthesis; Russell Sage Foundation: New York, NY,

USA, 1994; pp. 231–244.
58. Chinn, S. A simple method for converting an odds ratio to effect size for use in meta-analysis. Stat. Med. 2000, 19, 3127–3131.

[CrossRef]
59. Higgins, J.P.; Thompson, S.G.; Spiegelhalter, D.J. A re-evaluation of random-effects meta-analysis. J. R. Stat. Soc. Ser. A Stat. Soc.

2009, 172, 137–159. [CrossRef]
60. Egger, M.; Smith, G.D.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ 1997, 315,

629–634. [CrossRef]
61. Rosenblad, A.; Borenstein, M.; Hedges, L.V.; Higgins, J.P.T.; Rothstein, H.R. Introduction to meta-analysis. Int. Stat. Rev. 2009, 77,

478–479. [CrossRef]
62. The Jamovi Project. *jamovi* (Version 1.2) (Computer Software). 2020. Available online: https://www.jamovi.org (accessed on 10

March 2021).
63. Hamilton, K. MAJOR—Meta-Analysis for JAMOVI. 2018. Available online: https://github.com/kylehamilton/MAJOR#major-

meta-analysis-jamovi-r (accessed on 10 March 2021).
64. Viechtbauer, W. Conducting meta-analyses in R with the metafor package. J. Stat. Softw. 2010, 36, 1–48. [CrossRef]
65. Miranda, G.H.N.; Alvarenga, M.O.P.; Ferreira, M.K.M.; Puty, B.; Bittencourt, L.O.; Fagundes, N.C.F.; Pessan, J.P.; Buzalaf, M.A.R.;

Lima, R.R. A systematic review and meta-analysis of the association between fluoride exposure and neurological disorders. Sci.
Rep. 2021, 11, 22659. [CrossRef]

66. Higgins, J.P.; Altman, D.G.; Gøtzsche, P.C.; Jüni, P.; Moher, D.; Oxman, A.D.; Savović, J.; Schulz, K.F.; Weeks, L.; Sterne, J.A.C.;
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132. Kłos, A.; Ziembik, Z.; Rajfur, M.; Dołhańczuk-Śródka, A.; Bochenek, Z.; Bjerke, J.W.; Tømmervik, H.; Zagajewski, B.; Ziółkowski,
D.; Jerz, D.; et al. The origin of heavy metals and radionuclides accumulated in the soil and biota samples collected in Svalbard,
near Longyearbyen. Ecol. Chem. Eng. 2017, S 24, 223–238. [CrossRef]

133. Pozhitkov, R.; Moskovchenko, D.; Soromotin, A.; Kudryavtsev, A.; Tomilova, E. Trace elements composition of surface snow in
the polar zone of northwestern Siberia: The impact of urban and industrial emissions. Environ. Monit. Assess. 2020, 192, 215.
[CrossRef]

134. Georgievsky, V.I.; Annenkov, B.N. Mineral’noe Pitanie Zhivotnyh [Mineral Nutrition of Animals]; Kolos: Moscow, Russia, 1979; 471p.
135. Kormovye Rasteniya Senokosov i Pastbishch SSSR: V 3 t. T. 1: Sporovye, Golosemennye i Odnodol’nye [Forage Plants of Hayfields and

Pastures of the USSR: In 3 Volumes. Vol. 1: Spore, Gymnosperms and Monocotyledons]; Larina, I.V. (Ed.) Selkhozgiz: Moscow, Russia,
1950; pp. 519–598.

136. Moskovchenko, D.V. Geohimiya Landshaftov Severa Zapadno-Sibirskoj Ravniny: Strukturno-Funkcional’naya Organizaciya
Veshchestva Geosistem i Problemy Ekodiagnostiki [Geochemistry of Landscapes in the North of the West Siberian Plain:
Structural and Functional Organization of Matter in Geosystems and Problems of Ecodiagnostics]. Ph.D. Thesis, St.Petersburg
State University, St.Petersburg, Russia, 2010; 391p.

137. Moskovchenko, D.V.; Romanenko, E.A. Osobennosti elementnogo sostava pochv Pur-Tazovskogo mezhdurech’ya [Features of
the elemental composition of soils in the Pur-Taz interfluves]. Bull. V.V. Dokuchaeva 2020, 103, 51–84. [CrossRef]

138. Stoltz, E.; Greger, M. Effects of different wetland plant species on fresh unweathered sulphidic mine tailings. Plant Soil 2005, 276,
251–261. [CrossRef]

139. Ostroverkhova, G.P.; Donnikov, S.V.; Merkhlyakov, A.L.; Moiseeva, M.S. Gribnye soobshchestva kak ob”ekty regional’nogo
monitoringa i bioindikacii zagryaznenij tyazhelymi metallami [Fungal communities as objects of regional monitoring and
bioindication of heavy metal pollution]. Sib. J. Ecol. 2002, 1, 35–40.

140. Obruchev, S.V. Po Goram i Tundram Chukotki. Ekspediciya 1934–1935 gg. [Along the Mountains and Tundra of Chukotka. Expedition
1934–1935]; Geografgiz: Moscow, Russia, 1957.

141. Andronov, S.V.; Lobanov, A.A.; Kostritsyn, V.V.; Kobelkova, I.V.; Keshabyants, E.E.; Martinchik, A.N.; Lobanova, L.P.; Popov, A.I.;
Kochkin, R.A. Tradicionnoe pitanie korennyh zhitelej Yamalo-Neneckogo avtonomnogo okruga i preduprezhdenie razvitiya
gipertonicheskoj bolezni, hronicheskogo bronhita, izbytochnoj massy tela [Traditional nutrition of the indigenous inhabitants of
the Yamal-Nenets Autonomous Okrug and the prevention of the development of hypertension, chronic bronchitis, overweight].
Sci. Bull. Yamal-Nenets Auton. Okrug 2017, 2, 13–16.

142. Stepanov, K.M.; Lebedeva, U.M.; Dokhunaeva, A.M.; Zaharova, L.S.; CHugunov, A.V.; Efremova, S.T. The role of natural nutrition
from local products in the diet of the population of the Republic of Sakha (Yakutia). Yakutsk. Med. J. 2014, 1, 72–75.

143. Stepanov, K.M.; Lebedeva, U.M. Creation of food products in combination with unique northern raw materials. Probl. Nutr. 2016,
S2, 214–215.

144. Averyanova, I.V.; Barbaruk, Y.V.; Vdovenko, S.I. Produktovaya korzina dlya Krajnego Severa: Fakticheskoe i normativnoe
potreblenie [Food basket for the High North: Actual and standard consumption]. Profil. Meditsina 2021, 24, 82–86. [CrossRef]

145. Kochkin, R.A.; Lobanov, A.A.; Andronov, S.V.; Kobelkova, I.V.; Nikityuk, D.B.; Bogdanova, E.N.; Popov, A.I.; Kostritsyn, V.V.;
Protasova, I.V.; Lobanova, L.P.; et al. Influence of consumption of various types of fat on the stability of the central nervous
system to cold stress. Bull. New Med. Technol. 2019, 2, 172–180.

http://doi.org/10.1007/s00300-013-1399-0
http://doi.org/10.1007/s11356-018-1508-2
http://doi.org/10.1016/j.scitotenv.2019.05.178
http://doi.org/10.1016/j.scitotenv.2008.03.005
http://doi.org/10.1515/eces-2017-0015
http://doi.org/10.1007/s10661-020-8179-4
http://doi.org/10.19047/0136-1694-2020-103-51-84
http://doi.org/10.1007/s11104-005-4891-7
http://doi.org/10.17116/profmed20212403182


Sustainability 2022, 14, 1173 28 of 28

146. Kochkin, R.A.; Lobanov, A.A.; Andronov, S.V.; Popov, A.I.; Bogdanova, E.N. Vliyanie potrebleniya mikroelementov na cen-
tral’nuyu nervnuyu sistemu v usloviyah geomagnitnyh vozmushchenij [Influence of the consumption of trace elements on the
central nervous system in conditions of geomagnetic disturbances]. Probl. Nutr. 2018, 87, 29.

147. NNR. Nordic Nutrition Recommendations 2012: Integrating Nutrition and Physical Activity, 5th ed.; Nordic Council of Ministers:
Copenhagen, Denmark, 2014; p. 627.

148. Fogelholm, M. New Nordic nutrition recommendations are here. Food Nutr. Res. 2013, 57, 22903. [CrossRef] [PubMed]

http://doi.org/10.3402/fnr.v57i0.22903
http://www.ncbi.nlm.nih.gov/pubmed/24106458

	Introduction 
	Materials and Methods 
	Search Strategy 
	Inclusion Criteria 
	Study Selection, Data Extraction and Assessment of Methodological Quality and Risk of Bias 
	Data Analysis and Synthesis 

	Results 
	General Characteristics 
	Macro- and Microelement Composition in Reindeer Meat: Heterogeneity Analysis 
	Magnesium 
	Iron 
	Zinc 
	Calcium 
	Potassium 
	Sodium 
	Phosphorus 


	Discussion 
	Conclusions 
	Appendix A
	Appendix B
	References

