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Abstract: Background: Obesity is a risk factor for many diseases, diagnosed by calculating body
mass index (BMI). Methods: To find an association between BMI and mortality in adults, we searched
PubMed for articles published in the 21st century. Our review included 82 original studies, comprising
2.7 million patients and 23.4 million patient years. Results: The meta-analysis showed a U-shaped
relationship between BMI and all-cause mortality risk, with the lowest mortality in the BMI range of
25-30 kg/m?. Subgroup analysis showed a J-shaped relationship, with greater risk in the highest
BMI range (>35 kg/m?). Among the elderly, BMI values <20 kg/m? were associated with the highest
risk. Among diabetic patients, a U-shaped relationship was noticed, again with the highest risk in the
lowest (<20 kg/m?) and highest BMI range (>35 kg/m?). Among patients with cardiovascular disease,
the risk increased with BMI values <25 kg/m? but did not noticeably change for BMI exceeding
that value. Among cancer patients, the relationship was less pronounced than in other subgroups,
with a slightly higher risk (>35 kg/ m?). Conclusions: Our results show that the lowest mortality is
observed among patients with BMI 25-30 kg/m?. Reduction of body mass should not be a universal
recommendation in clinical practice, but it should be individualized.
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1. Introduction

According to the definition of the World Health Organization (WHO), obesity is a
chronic disease characterized by excessive fat deposits that impair health. It is diagnosed
by measuring weight and height to calculate body mass index (BMI) [1]. In other words,
obesity refers not only to excessive body weight, but also to abnormal body composition.
Obesity is a chronic inflammatory disease in which dysfunctional adipocytes secrete inflam-
matory cytokines and immune cells infiltrate adipose tissue, which results in low-grade
inflammation which negatively impacts the whole body [2]. Consequently, obesity is a
well-known risk factor for many different diseases, including arterial hypertension (HT) [3],
cardiovascular disease (CVD) [4], type 2 diabetes mellitus (T2DM) [5], obstructive sleep
apnea (OSA) [6]. and various types of cancer [7]. On the other hand, being underweight
is also associated with negative health effects [8]. Since the early 1970s, BMI has been
considered an optimal measure of body mass disturbances [9]. In fact, BMI below 18.5 or
above 24.9 has been associated with reduced life expectancy [10].

However, there are some clinical conditions in which the paradigm of optimal BMI
between 18.5-24.9 fails. For example, in patients with advanced or end-stage chronic kidney
disease (CKD), BMI exceeding 24.9 was associated with lower mortality [11]. Similarly,
mortality risk of diabetes has been shown to be lower in obese patients compared to
normal weight patients [12]. Additionally, obese patients show improved outcomes after
immune checkpoint therapy for some types of breast cancer [13]. It was also observed in
ever-smokers with chronic obstructive pulmonary disease (COPD) that being overweight
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or obese is connected to lower hazard of death [14]. This phenomenon is known as the
“obesity paradox”, and clearly shows that the association between body mass and mortality
is much more complex than previously thought. There are some theories explaining the
“obesity paradox”. According to some, it is observed because lean subjects included into
studies are more severely ill compared to obese ones. In these cases, low body mass
would be attributable to cachexia, which is a complication of a chronic illness [15]. In fact,
malnutrition and underweight, similar to obesity, is usually associated with inflammation
and deterioration of the function of immune system [16]. Other theories suggest that,
in obese patients, adipose tissue bonds lipophilic toxins, preventing their toxicity to the
organs of the body [17]. Finally, the “obesity paradox” was proposed to be an effect of
methodological flaws [18].

Therefore, we have performed a systematic review of the available literature data
with a meta-analysis to search for an association between BMI and mortality in the general
population and selected subgroups of patients.

2. Materials and Methods
2.1. Protocol and Registration

The systematic review protocol was created following the guidelines outlined in the
Preferred Reporting Items for Systematic Review and Meta-analysis Protocols (PRISMA) [13].
Additionally, the study protocol was registered prospectively with PROSPERO under the
identifier CRD42023421069. There were slights amendments to published protocol.

2.2. Data Sources and Searches

In this systematic review and meta-analysis, we conducted a comprehensive search
of the PubMed electronic database for articles published in English from May 2000 to
May 2023. Our most recent search was carried out on 5 May 2023. We employed a set of
relevant keywords, either individually or in combinations, to locate pertinent data. The
details of our search strategy, including the number of retrieved articles, can be found in the
study protocol in Supplementary Materials. For abstracts that potentially met our inclusion
criteria, we obtained the full-text publications. Two independent reviewers evaluated each
study for eligibility based on the criteria outlined in the study protocol. We also briefly
documented the reasons for any exclusions.

2.3. Study Selection

We considered studies eligible if they provided adjusted hazard ratios (HR) for all-
cause mortality over a period of at least 12 months in real-world cohorts of individuals
with varying BMIL. Our inclusion criteria were limited to studies conducted exclusively
among adults.

2.4. Data Extraction and Quality Assessment

Two independent investigators (MMN and MN) collected the following variables:
adjusted hazard ratios (HR), sample sizes, percentages of males, mean ages, average follow-
up durations (mean or median), death counts, and adjustment factors. Any discrepancies
in their findings were resolved through consensus. The total follow-up duration was
acquired from the published materials or computed by multiplying the average follow-up
duration by the cohort size (patient years). The number of deaths per 1000 patient years
was extracted from the publications or calculated by dividing the number of deaths by the
total follow-up duration.

2.5. Data Synthesis and Analysis

We used a two-stage, random-effects, dose-response meta-analysis to investigate
the relationship between BMI values and hazard ratios for all-cause mortality [19]. The
estimates from individual studies were combined using the restricted maximum likelihood
method. Because previous evidence suggested a non-linear relationship, we added a
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quadratic term in all models. Non-linearity was tested with the Wald test. BMI of 25 kg/m?
served as reference. For each BMI category, the average of the lower and upper bound
was calculated and assigned to a respective hazard ratio. For open-ended BMI categories,
we first calculated a mean range for all closed categories in each study, and then we
subtracted half of that range from the lowest BMI category bound and added that same
value to the highest BMI category bound. The main meta-analysis included all studies.
Subgroup meta-analyses were carried out for the general population, the elderly, patients
with diabetes, patients with cardiovascular diseases, and patients with cancer. Also, we
performed subgroup analysis for Asian and non-Asian populations. The 12 statistic and
the Cochran Q-test were used to assess heterogeneity. The analyses were carried out in
the R software (v. 4.2.1), with the “dosresmeta” package for all meta-analyses [20]. Two
independent authors conducted a risk of bias assessment for the included studies utilizing
the Newcastle-Ottawa Scale (NOS). The NOS encompasses three domains: (1) selection,
(2) comparability, and (3) outcome.

3. Results

A total 557 publications were identified, and 115 that were potentially eligible were re-
trieved in full text. Finally, 82 studies (97 cohorts) were included in the review (Figure 1). Risk
of bias assessment using NOS showed that the studies” quality was moderate. In the analysis,
we included two cohorts from eight studies [21-28] and three cohorts from one study [29].
The characteristics of all included studies are summarized in Supplementary Table S1.

g Records removed before screening:
s Records identified from PubMed D;pllc?ée recoll'dz ren':lovln_ed_ I:Eln :IJO)
kS (n = 557) ecords marked as ineligible by
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- -
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i Meta-analysis, clinical study protocols,
Abstract scretined for eligibility > outside the scape of the study,
(n =557)
o conference abstracts
c
I
o
g v
(7] Records excluded (n = 33):
Full-text articles screened for No 95% Cis for HR (n = 1)
eligibility (n = 115) No data to obtain absolute deaths
L number (n = 3)
l Follow-up <1 year (n = 13)
Duplicate cohort (n = 1)
Incorrect methodology (n = 15)
-]
@
= Studies included in the review
E (n=82)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart
of the study selection process.

The dose-response meta-analysis of all 97 cohorts showed a U-shaped relationship
between BMI and all-cause mortality risk (p < 0.001 for non-linearity), with the lowest
mortality in the BMI range of 25-30 kg/m? (Figure 2A). Heterogeneity was substantial
(I2 = 91.7%, Cochran Q-test p < 0.001). In the general population, the relationship between
BMI and risk of all-cause mortality in the general population was J-shaped (p < 0.001 for
non-linearity), with greater risk for all-cause mortality in the highest BMI range (>35 kg/m?,
Figure 2B, Table 1). Heterogeneity remained substantial (I2 = 86.1%, p < 0.001).
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Figure 2. Dose-response meta-analysis of studies investigating the association between body mass
index (BMI) and risk of all-cause mortality. BMI of 25 kg/m? served as reference. Ribbons show
95% confidence intervals. Dots are estimates from individual studies. (A)—Univariate Cochran Q-test
for residual heterogeneity: p-value < 0.001, I-square statistic = 91.7%; (B)—Univariate Cochran Q-test
for residual heterogeneity: p-value < 0.001, I-square statistic = 86.1%; (C)—Univariate Cochran Q-test
for residual heterogeneity: p-value < 0.001, I-square statistic = 81.7%; (D)—Univariate Cochran Q-test
for residual heterogeneity: p-value < 0.001, I-square statistic = 84.3%; (E)—Univariate Cochran Q-test
for residual heterogeneity: p-value < 0.001, I-square statistic = 91.5%; (F)—Univariate Cochran Q-test
for residual heterogeneity: p-value < 0.001, I-square statistic = 73.9%.

Among the elderly, BMI values below 20 kg/m? were associated with the highest risk
for all-cause mortality (p < 0.001 for non-linearity) (Table 1), with no studies reporting data
for BMI above 35 kg/m? (Figure 2C, 12 = 81.7%, p < 0.001).

Among patients with diabetes, the risk for all-cause mortality was the greatest in the
lowest BMI range (<20 kg/ m?), but was also increased, albeit to a lesser extent, in the BMI
range above 35 kg/m? (Table 1) (p < 0.001 for non-linearity, Figure 2D, 12 = 84.3%, p < 0.001).

Among patients with cardiovascular diseases, the risk for all-cause mortality increased
with BMI values below 25 kg/m? but did not change noticeably for BMI values above that
value (Table 1) (p < 0.001 for non-linearity, Figure 2E, 12 = 91.5%, p < 0.001).

Among patients with cancer, the relationship between BMI and all-cause mortality
was less pronounced than in other subgroups, with a slightly higher risk for all-cause
mortality within the extreme BMI values (Table 1) (p < 0.001 for non-linearity, Figure 2F,
12 =73.9%, p < 0.001).

The results for Asian and non-Asian populations were consistent with the general
findings. However, in the subgroup of the elderly within the Asian population, a more pro-
nounced U-shaped trend was observed compared to the general and non-Asian populations.
Subgroup analyses of Asian and non-Asian populations are included in Figures 3 and 4.
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Table 1. Predicted hazard ratios for all-cause mortality.

Subgroup BMI HR 95% CI 12 Q-Test Wald Test

15 1.60 1.39-1.84
20 1.13 1.07-1.18
25 1.00 1.00-1.00

General population 86.1% p <0.001 p <0.001
30 1.12 1.06-1.18
35 1.58 1.35-1.84
40 2.80 2.05-3.82
15 2.68 1.40-5.11
20 1.36 1.10-1.68
25 1.00 1.00-1.00

Elderly 81.7% p <0.001 p <0.001
30 1.07 1.00-1.15
35 1.68 1.23-2.29
40 3.84 1.74-8.44
15 2.14 1.73-2.65
20 1.31 1.22-1.40
25 1.00 1.00-1.00

Diabetes 84.3% p <0.001 p <0.001
30 0.96 0.94-0.98
35 1.15 1.07-1.24
40 1.74 1.41-2.14
15 2.45 1.95-3.09
20 1.42 1.29-1.57
25 1.00 1.00-1.00

CVD 91.5% p <0.001 p <0.001
30 0.85 0.79-0.92
35 0.89 0.77-1.02
40 1.11 0.88-1.40
15 1.49 1.17-1.90
20 1.13 1.02-1.24
25 1.00 1.00-1.00

Cancer 73.9% p <0.001 p <0.001
30 1.04 0.98-1.11
35 1.27 1.12-1.44
40 1.83 1.46-2.28
15 2.00 1.55-2.58
20 1.31 1.19-1.45
25 1.00 1.00-1.00

Other 82.3% p <0.001 p <0.001
30 0.88 0.83-0.94
35 0.90 0.81-1.01
40 1.07 0.89-1.29

BMI—body-mass index, CI—confidence interval, CVD—cardiovascular disease, HR—hazard ratio.
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Figure 3. Dose-response meta-analysis of studies investigating the association between BMI and
risk of all-cause mortality in Asian population. BMI of 25 kg/m? served as reference. Ribbons show
95% confidence intervals. Dots are estimates from individual studies. (A)—Univariate Cochran
Q-test for residual heterogeneity: p-value < 0.001, I-square statistic = 87.9% (B)—Univariate Cochran
Q-test for residual heterogeneity: p-value < 0.001, I-square statistic = 82.5% (C)—Univariate Cochran
Q-test for residual heterogeneity: p-value < 0.001, I-square statistic = 84.2% (D)—Univariate Cochran
Q-test for residual heterogeneity: p-value < 0.001, I-square statistic = 72.4% (E)—Univariate Cochran
Q-test for residual heterogeneity: p-value < 0.001, I-square statistic = 91.0% (F)—Univariate Cochran
Q-test for residual heterogeneity: p-value < 0.001, I-square statistic = 85.6%.
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Figure 4. Dose-response meta-analysis of studies investigating the association between BMI and
risk of all-cause mortality in non-Asian population. BMI of 25 kg/m? served as reference. Ribbons
show 95% confidence intervals. Dots are estimates from individual studies. (A)—Univariate Cochran
Q-test for residual heterogeneity: p-value < 0.001, I-square statistic = 87.0% (B)—Univariate Cochran
Q-test for residual heterogeneity: p-value < 0.001, I-square statistic = 86.8% (C)—Univariate Cochran
Q-test for residual heterogeneity: p-value < 0.001, I-square statistic = 0.0% (D)—Univariate Cochran
Q-test for residual heterogeneity: p-value < 0.001, I-square statistic = 60.9% (E)—Univariate Cochran
Q-test for residual heterogeneity: p-value < 0.001, I-square statistic = 91.5% (F)—Univariate Cochran
Q-test for residual heterogeneity: p-value < 0.001, I-square statistic = 69.0%.
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4. Discussion

We evaluated evidence from real-world studies performed during the last two decades
that assessed association between BMI and all-cause mortality. To improve the precision
of results, our analysis was limited to studies in which HR was presented. The meta-
analysis of all included studies showed a U-shaped relationship between BMI and all-cause
mortality risk, with the lowest mortality in the BMI range of 25-30 kg/m?.

We observed higher risk of all-cause mortality in the highest BMI range in the general
population. Among the elderly, BMI values below 20 kg/m? were associated with the
highest risk. No studies reported data for BMI above 35 kg/m?. We found the highest
risk in not only the lowest (<20 kg/m?), but also in the highest BMI range (>35 kg/m?) in
diabetic patients. In cardiovascular disease patients, the risk increased with BMI values
below 25 kg/m?, but did not noticeably change for BMI values above that value. Among
cancer patients, the relationship was less pronounced than in other subgroups, with a
slightly higher risk exceeding the extreme BMI values. Of note, substantial heterogeneity
was noted both in the main analysis and in subgroup analyses. Therefore, the overall
evidence on the association of BMI with all-cause mortality in real-world clinical settings is
of suboptimal quality.

Our findings are inconsistent with previous opinions, which state that the optimal
BMI was between 18.5-24.9 kg/m? [10]; however, in a large systematic review with meta-
analysis, including 30 million participants, the lowest mortality was observed in people
with a BMI of 25 [30]. Our analysis was intentionally limited to papers published in the
21st century. Due to the growing awareness of healthy lifestyle principles and the advances
of medicine, demographic changes have taken place worldwide. As a result, the aging of
societies, along with changes in age distribution of populations, are observed [31]. This
is followed by changes in epidemiological significance of diseases. For example, chronic
kidney disease, in which the “obesity paradox” has been reported, is observed in almost
15% of US population [32]. Additionally, renal diseases were the 10th most common reason
of death in 2019 worldwide [33], but they are expected to reach the 5th position by 2040 [34].
These changes may impact the relationship between body mass and mortality. One possible
explanation of differences between our results and earlier studies is that a large proportion
of included studies were conducted on special populations, which were further assessed
in subgroup meta-analyses. However, we must realize that these special populations
become increasingly frequent. People with cardiovascular disease, diabetes, or chronic
kidney disease have become a substantial part of society, and it should be noted that undue
reduction in their body weight may be harmful. Similarly, the proportion of older people
and patients with cancer is also increasing. Frailty, which is often marked by a reduction in
muscle mass and body weight, is known to be a risk factor of unfavorable outcome [35].

Another possible explanation of our results is that the body composition, not the body
mass index itself, is the main determinant of mortality. Body composition analysis provides
a more comprehensive assessment by analyzing the specific proportions of fat, muscle,
bone, and water in the body. High body fat percentage, particularly visceral fat, has been
linked to increased mortality risk due to its association with various health conditions such
as cardiovascular disease, diabetes, and certain cancers. Conversely, a higher proportion of
lean muscle mass might be associated with better health outcomes.

Research suggests that body composition measures, particularly high levels of body
fat and low levels of muscle mass, may offer more nuanced insights into mortality risk
compared to BMI alone. While both BMI and body composition play roles in assessing
health risks, body composition analysis might provide a more detailed understanding
of an individual’s health profile concerning mortality risk due to its consideration of fat
distribution and muscle mass, among other factors.

As mentioned above, low muscle mass, being a part of frailty, is associated with in-
creased mortality, and an increase in muscle mass will possibly improve the outcome. Then,
an athletic body with BMI exceeding 25 may be connected to better outcome compared
with people with BMI within “normal” range. This thesis is consistent with a finding that
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References

survival rates are increased in aerobic athletes compared to the general population [36],
and may explain, at least in part, our results.

Limitations of our meta-analysis should also be acknowledged. (1) The quality of
available data is far from optimal. (2) Only selected subpopulations were analyzed in
our meta-analysis, and data on optimal BMI in many other clinical conditions remain
unclear. (3) Our analysis omits changes of BMI during a patient’s life, which may also
be important. For example, in so-called reverse causality, the decrease in body mass
may be caused by underlying illness, and it is, therefore, not connected to improved
survival [37,38]. (4) Differences in the follow-up (from 1.2 to 20 years) and the mean age of
the initiation of the follow-up may also influence the results. (5) Differences in adjusted
factors (Supplementary Table S1). (6) Differences in BMI normal values: the standard BMI
range for individuals in Asia is 20-23, with 23-25 indicating overweight and >25 kg/m?
indicating obesity. However, the difference between the general BMI categories and those
specific to Asians amplifies the impact of our study findings. Additionally, diversity of
effects achieved in different subpopulations limits the clinical utility of our results; in
clinical settings, different clinical conditions frequently coexist. Thus, further investigations
are needed to facilitate clinical decision-making in the future. (7) Another limitation of our
study is that we focused only on BMI, whilst it is known that BMI fails to fully capture
cardiometabolic risk. This is, at least partially, because BMI is an insufficient marker of
abdominal adiposity. On the other hand, abdominal adiposity may be simply assessed
with the measurement of waist circumference, which correlates with mortality. However,
the association of waist circumference with morbidity and mortality becomes evident after
adjustment for BMI. Therefore, both metrics provide complementary information, and
should be used together to achieve the most predictive information [39]. An additional
metric that may be useful in predicting cardiometabolic risk is waist-to-height ratio, which
was also omitted in our analysis [40].

Our results show that with current demographic changes, the lowest mortality is
observed among patients in the BMI range of 25-30 kg/m?. However, target body mass
should be assigned individually based on clinical conditions in particular patients. Reduc-
tion of body mass should not be a universal recommendation in clinical practice, but it
should instead be individualized depending on patient’s diagnosis; in many clinical situa-
tions, it is better to remain slightly overweight. Further studies are required to determine
optimal BMI values in particular clinical conditions.
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/ /www.mdpi.com/article/10.3390/jecm13082305/s1, Table S1 and study protocol.

Author Contributions: Conceptualization, M.M.N. and L.P.; methodology, M.M.N.; validation,
MM.N,, M.N,, and L.P; formal analysis, S.G. and L.P,; investigation, M.M.N. and M.N.; data curation,
M.N.; writing—original draft preparation, M.M.N. and M.N.; writing—review and editing, 5S.G. and
L.P; visualization, M.N.; supervision, L.P.; project administration, S.G. and L.P. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Available online: https://www.who.int/news-room/fact-sheets/detail / obesity-and-overweight (accessed on 19 March 2024).
2. Kawai, T,; Autieri, M.V,; Scalia, R. Adipose tissue inflammation and metabolic dysfunction in obesity. Am. J. Physiol. Cell Physiol.
2021, 320, C375-C391. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/jcm13082305/s1
https://www.mdpi.com/article/10.3390/jcm13082305/s1
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1152/ajpcell.00379.2020
https://www.ncbi.nlm.nih.gov/pubmed/33356944

J. Clin. Med. 2024, 13, 2305 9 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Landsberg, L.; Aronne, L.J.; Beilin, L.J.; Burke, V.; Igel, L.I; Lloyd-Jones, D.; Sowers, J. Obesity-related hypertension: Pathogenesis,
cardiovascular risk and treatment: A position paper of The Obesity Society and the American Society of Hypertension. J. Clin.
Hypertens. 2013, 15, 14-33. [CrossRef] [PubMed]

Powell-Wiley, T.M.; Poirier, P.; Burke, L.E.; Després, ].-P.; Gordon-Larsen, P.; Lavie, C.J.; Lear, S.A.; Ndumele, C.E.; Neeland, L] ;
Sanders, P.; et al. Obesity and cardiovascular disease: A scientific statement from the American Heart Association. Circulation
2021, 143, 984-1010. [CrossRef] [PubMed]

Maggio, C.A.; Pi-Sunyer, F.X. Obesity and type 2 diabetes. Endocrinol. Metab. Clin. 2003, 32, 805-822. [CrossRef] [PubMed]
Grewal, G.; Joshi, G.P. Obesity and obstructive sleep apnea in the ambulatory patient. Anesthesiol. Clin. 2019, 37, 215-224.
[CrossRef] [PubMed]

Avgerinos, K.I; Spyrou, N.; Mantzoros, C.S.; Dalamaga, M. Obesity and cancer risk: Emerging biological mechanisms and
perspectives. Metabolism 2019, 92, 121-135. [CrossRef] [PubMed]

Flegal, K.M.; Graubard, B.I.; Williamson, D.F,; Gail, M.H. Excess deaths associated with underweight, overweight, and obesity.
JAMA 2005, 293, 1861-1867. [CrossRef] [PubMed]

Rasmussen, N. Downsizing obesity: On Ancel Keys, the origins of BMI, and the neglect of excess weight as a health hazard in the
United States from the 1950s to 1970s. J. Hist. Behav. Sci. 2019, 55, 299-318. [CrossRef]

Bhaskaran, K.; Dos-Santos-Silva, I.; Leon, D.A.; Douglas, L].; Smeeth, L. Association of BMI with overall and cause-specific
mortality: A population-based cohort study of 3.6 million adults in the UK. Lancet Diabetes Endocrinol. 2018, 6, 944-953. [CrossRef]
Rhee, C.M.; Ahmadi, S.F,; Kalantar-Zadeh, K. The dual roles of obesity in chronic kidney disease: A review of the current
literature. Curr. Opin Nephrol. Hypertens. 2016, 25, 208-216. [CrossRef]

Jerant, A.; Franks, P. Body mass index, diabetes, hypertension, and short-term mortality: A population-based observational study,
2000-2006. . Am. Board Fam. Med. 2012, 25, 422-431. [CrossRef] [PubMed]

Naik, A.; Monjazeb, A.M.; Decock, J. The obesity paradox in cancer, tumor immunology, and immunotherapy: Potential
therapeutic implications in triple negative breast cancer. Front. Immunol. 2019, 10, 1940. [CrossRef] [PubMed]

Wu, T.D; Ejike, C.O.; Wise, R.A.; McCormack, M.C.; Brigham, E.P. Investigation of the obesity paradox in chronic obstructive
pulmonary disease, according to smoking status, in the United States. Am. ]. Epidemiol. 2019, 188, 1977-1983. [CrossRef] [PubMed]
Mobher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P,; Stewart, L.A.; PRISMA-P Group. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef] [PubMed]
Morales, F.; Montserrat-de la Paz, S.; Leon, M.].; Rivero-Pino, F. Effects of malnutrition on the immune system and infection and
the role of nutritional strategies regarding improvements in children’s health status: A literature review. Nutrients 2023, 16, 1.
[CrossRef] [PubMed]

Hong, N.-S.; Kim, K.-S.; Lee, I.-K,; Lind, PM.; Lind, L.; Jacobs, D.R.; Lee, D.-H. The association between obesity and mortality in
the elderly differs by serum concentrations of persistent organic pollutants: A possible explanation for the obesity paradox. Int. J.
Obes. 2012, 36, 1170-1175. [CrossRef] [PubMed]

Lennon, H.; Sperrin, M.; Badrick, E.; Renehan, A.G. The obesity paradox in cancer: A review. Curr. Oncol. Rep. 2016, 18, 56.
[CrossRef] [PubMed]

Orsini, N.; Li, R.; Wolk, A.; Khudyakov, P.; Spiegelman, D. Meta-Analysis for Linear and Nonlinear Dose-Response Relations:
Examples, an Evaluation of Approximations, and Software. Am. J. Epidemiol. 2012, 175, 66-73. [CrossRef] [PubMed]

Crippa, A.; Orsini, N. Multivariate Dose-Response Meta-Analysis: The dosresmeta R Package. |. Stat. Softw. Code Snippets 2016,
72,1-15.

Freedman, D.M.; Ron, E.; Ballard-Barbash, R.; Doody, M.M.; Linet, M.S. Body mass index and all-cause mortality in a nationwide
US cohort. Int. . Obes. 2006, 30, 822-829. [CrossRef]

Hjartaker, A.; Adami, H.O.; Lund, E.; Weiderpass, E. Body mass index and mortality in a prospectively studied cohort of
Scandinavian women: The women'’s lifestyle and health cohort study. Eur. J. Epidemiol. 2005, 20, 747-754. [CrossRef] [PubMed]
Katzmarzyk, P.T.; Reeder, B.A ; Elliott, S.; Joffres, M.R.; Pahwa, P; Raine, K.D.; Kirkland, S.A.; Paradis, G. Body mass index and
risk of cardiovascular disease, cancer and all-cause mortality. Can. J. Public Health 2012, 103, 147-151. [CrossRef] [PubMed]

Lin, W.Y,; Tsai, S.L.; Albu, J.B.; Lin, C.C.; Li, T.C.; Pi-Sunyer, EX.; Sung, PX.; Huang, K.C. Body mass index and all-cause mortality
in a large Chinese cohort. CMA] 2011, 183, 329-336. [CrossRef]

Nagai, M.; Kuriyama, S.; Kakizaki, M.; Ohmori-Matsuda, K.; Sugawara, Y.; Sone, T.; Hozawa, A.; Tsuji, I. Effect of age on the association
between body mass index and all-cause mortality: The Ohsaki cohort study. J. Epidemiol. 2010, 20, 398-407. [CrossRef] [PubMed]
Shimazu, T.; Kuriyama, S.; Ohmori-Matsuda, K.; Kikuchi, N.; Nakaya, N.; Tsuji, . Increase in body mass index category since age
20 years and all-cause mortality: A prospective cohort study (the Ohsaki Study). Int. J. Obes. 2009, 33, 490-496. [CrossRef] [PubMed]
Zahir, S.F,; Griffin, A.; Veerman, J.L.; Magliano, D.J.; Shaw, J.E.; Cao, K.-A.L.; Mehdi, A.M. Exploring the association between
BMI and mortality in Australian women and men with and without diabetes: The AusDiab study. Diabetologia 2019, 62, 754-758.
[CrossRef] [PubMed]

Olsen, T.S.; Dehlendorff, C.; Petersen, H.G.; Andersen, K.K. Body mass index and poststroke mortality. Neuroepidemiology 2008,
30, 93-100. [CrossRef] [PubMed]

Prieto-Alhambra, D.; Premaor, M.O.; Avilés, FF; Castro, A.S.; Javaid, M.K.; Nogués, X.; Arden, N.K.; Cooper, C.; Compston,
J.E.; Diez-Perez, A. Relationship between mortality and BMI after fracture: A population-based study of men and women aged
>40 years. J. Bone Miner. Res. 2014, 29, 1737-1744. [CrossRef] [PubMed]


https://doi.org/10.1111/jch.12049
https://www.ncbi.nlm.nih.gov/pubmed/23282121
https://doi.org/10.1161/CIR.0000000000000973
https://www.ncbi.nlm.nih.gov/pubmed/33882682
https://doi.org/10.1016/S0889-8529(03)00071-9
https://www.ncbi.nlm.nih.gov/pubmed/14711063
https://doi.org/10.1016/j.anclin.2019.01.001
https://www.ncbi.nlm.nih.gov/pubmed/31047125
https://doi.org/10.1016/j.metabol.2018.11.001
https://www.ncbi.nlm.nih.gov/pubmed/30445141
https://doi.org/10.1001/jama.293.15.1861
https://www.ncbi.nlm.nih.gov/pubmed/15840860
https://doi.org/10.1002/jhbs.21991
https://doi.org/10.1016/S2213-8587(18)30288-2
https://doi.org/10.1097/MNH.0000000000000212
https://doi.org/10.3122/jabfm.2012.04.110289
https://www.ncbi.nlm.nih.gov/pubmed/22773710
https://doi.org/10.3389/fimmu.2019.01940
https://www.ncbi.nlm.nih.gov/pubmed/31475003
https://doi.org/10.1093/aje/kwz185
https://www.ncbi.nlm.nih.gov/pubmed/31504124
https://doi.org/10.1186/2046-4053-4-1
https://www.ncbi.nlm.nih.gov/pubmed/25554246
https://doi.org/10.3390/nu16010001
https://www.ncbi.nlm.nih.gov/pubmed/38201831
https://doi.org/10.1038/ijo.2011.187
https://www.ncbi.nlm.nih.gov/pubmed/21946706
https://doi.org/10.1007/s11912-016-0539-4
https://www.ncbi.nlm.nih.gov/pubmed/27475805
https://doi.org/10.1093/aje/kwr265
https://www.ncbi.nlm.nih.gov/pubmed/22135359
https://doi.org/10.1038/sj.ijo.0803193
https://doi.org/10.1007/s10654-005-2145-x
https://www.ncbi.nlm.nih.gov/pubmed/16170657
https://doi.org/10.1007/BF03404221
https://www.ncbi.nlm.nih.gov/pubmed/22530540
https://doi.org/10.1503/cmaj.100303
https://doi.org/10.2188/jea.JE20090204
https://www.ncbi.nlm.nih.gov/pubmed/20699601
https://doi.org/10.1038/ijo.2009.29
https://www.ncbi.nlm.nih.gov/pubmed/19223845
https://doi.org/10.1007/s00125-019-4830-4
https://www.ncbi.nlm.nih.gov/pubmed/30809715
https://doi.org/10.1159/000118945
https://www.ncbi.nlm.nih.gov/pubmed/18309248
https://doi.org/10.1002/jbmr.2209
https://www.ncbi.nlm.nih.gov/pubmed/24615695

J. Clin. Med. 2024, 13, 2305 10 of 10

30.

31.

32.
33.
34.

35.

36.

37.

38.

39.

40.

Aune, D.; Sen, A.; Prasad, M.; Norat, T.; Janszky, I.; Tonstad, S.; Romundstad, P.; Vatten, L.J. BMI and all-cause mortality:
Systematic review and non-linear dose-response meta-analysis of 230 cohort studies with 3.74 million deaths among 30.3 million
participants. BM]J 2016, 353, 2156. [CrossRef] [PubMed]

Beard, J.R.; Officer, A.; de Carvalho, I.A.; Sadana, R.; Pot, A.M.; Michel, ].-P; Lloyd-Sherlock, P.; Epping-Jordan, J.E.; Peeters,
G.M.E.E; Mahanani, W.R.; et al. The World report on ageing and health: A policy framework for healthy ageing. Lancet 2016, 387,
2145-2154. [CrossRef]

Available online: https:/ /adr.usrds.org/2020/chronic-kidney-disease /1-ckd-in-the-general-population (accessed on 28 March 2024).
Available online: https:/ /www.who.int/news-room/fact-sheets/detail / the-top-10-causes-of-death (accessed on 28 March 2024).
Foreman, K.J.; Marquez, N.; Dolgert, A.; Fukutaki, K.; Fullman, N.; McGaughey, M.; Pletcher, M.A.; Smith, A.E.; Tang, K.; Yuan,
C.W.; et al. Forecasting life expectancy, years of life lost, and all-cause and cause-specific mortality for 250 causes of death:
Reference and alternative scenarios for 2016-40 for 195 countries and territories. Lancet 2018, 392, 2052-2090. [CrossRef] [PubMed]
Hanlon, P.; Nicholl, B.L; Jani, B.D.; Lee, D.; McQueenie, R.; Mair, ES. Frailty and pre-frailty in middle-aged and older adults and
its association with multimorbidity and mortality: A prospective analysis of 493 737 UK Biobank participants. Lancet Public Health
2018, 3, 323-332. [CrossRef] [PubMed]

Teramoto, M.; Bungum, T.J. Mortality and longevity of elite athletes. . Sci. Med. Sport 2010, 13, 410-416. [CrossRef] [PubMed]
Pereira, M.A. Long-term body mass index and mortality in the Framingham Heart Study: Unpacking an ounce of prevention.
JAMA Netw. Open 2018, 1, 184585. [CrossRef] [PubMed]

Li, J; Liu, C,; Ang, TEA,; Au, R. BMI decline patterns and relation to dementia risk across four decades of follow-up in the
Framingham Study. Alzheimer’s Dement. 2023, 19, 2520-2527. [CrossRef] [PubMed]

Ross, R.; Neeland, L.].; Yamashita, S.; Shai, L; Seidell, J.; Magni, P,; Santos, R.D.; Arsenault, B.; Cuevas, A.; Hu, EB.; et al. Waist
circumference as a vital sign in clinical practice: A Consensus Statement from the IAS and ICCR Working Group on Visceral
Obesity. Nat. Rev. Endocrinol. 2020, 16, 177-189. [CrossRef]

Ashwell, M.; Gunn, P.; Gibson, S. Waist-to height ratio is a better screening tool than waist circumference and BMI for adult
cardiometabolic risk factors: Systematic review and meta-analysis. Obes. Rev. 2012, 13, 186-275. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1136/bmj.i2156
https://www.ncbi.nlm.nih.gov/pubmed/27146380
https://doi.org/10.1016/S0140-6736(15)00516-4
https://adr.usrds.org/2020/chronic-kidney-disease/1-ckd-in-the-general-population
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://doi.org/10.1016/S0140-6736(18)31694-5
https://www.ncbi.nlm.nih.gov/pubmed/30340847
https://doi.org/10.1016/S2468-2667(18)30091-4
https://www.ncbi.nlm.nih.gov/pubmed/29908859
https://doi.org/10.1016/j.jsams.2009.04.010
https://www.ncbi.nlm.nih.gov/pubmed/19574095
https://doi.org/10.1001/jamanetworkopen.2018.4585
https://www.ncbi.nlm.nih.gov/pubmed/30646362
https://doi.org/10.1002/alz.12839
https://www.ncbi.nlm.nih.gov/pubmed/36519667
https://doi.org/10.1038/s41574-019-0310-7
https://doi.org/10.1111/j.1467-789X.2011.00952.x

	Introduction 
	Materials and Methods 
	Protocol and Registration 
	Data Sources and Searches 
	Study Selection 
	Data Extraction and Quality Assessment 
	Data Synthesis and Analysis 

	Results 
	Discussion 
	References

