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ABSTRACT
Whilst the majority of the current evidence on myocardial infarction focuses on obesity,
there is growing evidence that patients who are underweight have unfavorable
prognosis. This study aimed to explore the prevalence, clinical characteristics, and
prognosis of this at-risk population. Embase and Medline were searched for studies
reporting outcomes in populations who were underweight with myocardial infarction.
Underweight and normal weight were defined according to the World Health
Organization criteria. A single arm meta-analysis of proportions was used to estimate
the prevalence of underweight in patients with myocardial infarction, while a meta-
analysis of proportions was used to estimate the odds ratio of all-cause mortality,
medications prescribed, and cardiovascular outcomes. 21 studies involving 6,368,225
patients were included, of whom 47,866 were underweight. The prevalence of
underweight in myocardial infarction patients was 2.96% (95%CI. 1.96% to 4.47%).
Despite having fewer classical cardiovascular risk factors, patients who were
underweight had 66% higher hazard for mortality (HR:1.66, 95%CI: 1.44 to 1.92,
p<0.0001). The mortality of patients who were underweight increased from 14.1% at
30 days to 52.6% at 5 years. Yet, they were less likely to receive guideline-directed
medical therapy. Relative to individuals with normal weight, Asian populations who
were underweight had higher mortality risks than their Caucasian counterparts
(p=0.0062). In conclusion, in patients with myocardial infarction, those who were
underweight tend to have poorer prognostic outcomes. A lower body mass index is an
independent predictor of mortality, which calls for global efforts in addressing this

modifiable risk factor in clinical practice guidelines.
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Individuals at the extremes of the weight spectrum, often quantified by body mass
index (BMI) >30 kg/m? or <18.5 kg/m?, have been categorized as having unhealthy
weight deviations, * with increased mortality and reduced quality-adjusted life years in
cardiovascular diseases. 234 Whilst a vast majority of the evidence focus on patients
who are overweight or with obesity, ° there is growing evidence that patients with
myocardial infarction (MI) and who are underweight are at increased mortality risk
compared to those with normal weight. ¢ A low BMI, often associated with cachexia
and frailty, is associated with neuroendocrine, metabolic, and inflammatory
pathomechanisms. "8 The lower adiposity, calorie reserve, and muscle mass may
increase host susceptibility to unfavorable prognosis. °1° Understanding the
prognostic role of having a low body weight in patients with MI can have important
implications on the nutritional and weight management strategies of patients 112
beyond the traditional pharmacological therapies. 513141516 Whilst previous meta-
analyses have highlighted the association between the large spectrum of BMI
categories and prognostic outcomes in patients with coronary heart disease, 1719 this
systematic review and meta-analysis will be the first to provide focused analysis on
the prevalence, clinical characteristics and prognostic outcomes of patients who were
underweight presenting with MI. It also aims to provide insights on the differences in
prognosis of individuals who were underweight with Ml based on important factors
such as race/ethnicity, socioeconomic status and different BMI cut-off values of

underweight.
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METHODS

This study was registered with PROSPERO (CRD42022319718) and
conducted in accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines. 2° The data that support the findings of this study are
available from the corresponding authors upon reasonable request. A search was
conducted on Embase and Medline from inception to 16 March 2022 to identify studies
relating to the prevalence, epidemiology, and outcomes of Ml in populations who were
underweight. Keywords relating to “myocardial infarction”, “underweight” and
‘malnutrition” were searched (Supplementary Methods). References from included
meta-analyses were searched for additional articles to be marked for inclusion.

References were imported into Endnote 20 for removal of duplicates before screening.

The title and abstract sieve, and full text review were conducted by 3 authors
independently (CXL, WHL and BHN). Disputes were resolved by consensus with the
involvement of a senior author (NWSC). The inclusion criteria were (1) cohort studies;
(2) studies which examined the outcomes of adult (aged 18 and above) participants
post-Ml; (3) studies which included an underweight BMI group. In our meta-analysis,
studies with BMI deviation of up to *1.5 kg/m? away from the World Health
Organization (WHO) criterion of underweight were included, where underweight and
normal weight were defined as a BMI of < 18.5 kg/m? and a BMI between 18.5 and
24.9 kg/m? respectively. ! In the Asia-Pacific region, an individual with a BMI between
18.5 and 22.9 kg/m? may be classified as living with normal weight instead. ! Reviews,
meta-analyses, editorials, commentaries, conference abstracts, case-controlled
studies, randomized controlled trials and non-English language articles were excluded.

Studies examining pediatric populations or those reporting on populations with unique
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physiological status including cancer patients were excluded. Studies analyzing
results extracted from the same database in overlapping time periods were removed,

and the most comprehensive article was retained.

Data was extracted by 3 independent authors (CXL, WHL and BHN) into a
structured proforma onto an excel sheet. Data on study characteristics (author, country,
region, sample sizes and definitions of the different BMI groups, duration of follow up),
patient demographic (baseline characteristics, clinical presentation, medications), and
outcomes (long term and in-hospital complications and mortality) were extracted. We
extracted the mean and standard deviation for continuous variables, and the number
of patients belonging to each category for dichotomous variables. Values extracted
were stratified according to populations who were underweight and of normal weight.
30 day, 1 year, 2 years and 5 years survival data was extracted from the articles, and
WebPlotDigitizer (Version 4.4) was used to extract data from Kaplan-Meier curves,
where possible. In addition, we extracted the unadjusted and adjusted hazard ratios
of all-cause mortality (HR) in the articles, noting the potential confounders that were
adjusted for. Formulas devised by Wan et al were used to estimate values of mean
and standard deviation when they were not provided. 22 The primary outcome was all-
cause mortality, defined as death from any cause in the given time period in the patient
pool examined, as well as the prevalence of underweight in the MI cohort. The
secondary outcomes included cardiac mortality, in-hospital mortality, reinfarction,

cerebrovascular accident and cardiogenic shock.

RStudio (Version 4.1.0) was used to conduct 3 types of statistical analysis with

the meta package. 23 Firstly, for the analysis of baseline characteristics and patient
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outcomes reported as dichotomous variables, a single arm meta-analysis was
conducted to determine the effect size (ES) using a generalized linear mixed model
with Clopper-Pearson intervals using the metaprop function. 242> The generalized
linear mixed model may be better able to account for within-study variation, with the
assumption of a binomial likelihood for individual study events. 26 Secondly, to estimate
the effect of different BMI categories on dichotomous patient outcomes, a generalized
linear mixed model was similarly applied to determine the odds ratios (OR) using the
metabin function. Thirdly, for the analysis of data reported as continuous variables, a
meta-analysis of means was conducted using the inverse variance method with the
metamean function. Forest and funnel plots were created using the forest.meta and

funnel.meta functions respectively.

Next, Cochrane Review Manager (Version 5.4.1) was used to pool unadjusted
and adjusted HR using the inverse variance model according to the guidelines in the
Cochrane Handbook for Systematic Reviews of Interventions. 2’ Subgroup analysis
was conducted to analyze the difference in outcomes by the definition of low BMI group,
geographical region, race/ethnicity, retrospective or prospective studies, single or
multi center studies, length of follow-up, type of Ml and income group. We followed the
World Bank classification of countries for income group according to the gross national
income per capita, and geographical region. 28 Individuals descending from East Asia,
Central Asia, South Asia and Middle East heritage were defined to be of Asian

race/ethnicity.

As the pooled studies differed in trial characteristics such as inclusion and

exclusion criteria and study duration, we opted for the recommended approach of
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using a random effects model in the analysis. 2° Hartung-Knapp adjustments were
utilized to adjust confidence intervals. 22 A p-value of <0.05 was considered as
statistically significant. Next, I was used to quantify the overall variation across studies
that may be attributed to heterogeneity rather than random chance, where an 12 value
of <25%, 25% to 50%, 50% to 75%, and >75% corresponds to minimal, small,
moderate, and large amounts of heterogeneity respectively. 2° Publication bias was

assessed via a funnel plot.

The Newcastle-Ottawa Scale was used to assess the risk of bias of included
articles by 3 independent authors (CXL, WHL and BHN). Disputes were resolved
through the consensus of a fourth independent author (YHC). The Newcastle-Ottawa
Scale evaluates the bias of cohort studies across 3 domains: (1) the selection of study
groups, (2) the comparability of these groups, and (3) the ascertainment of exposure

or outcome of interest. 2° The maximum possible score given to a study is 9.

RESULTS

The search yielded 4,390 results, of which 1,124 were duplicates. 2,914 studies
were excluded after reviewing the title and abstract, and 352 studies were selected for
full text review. In total, 21 studies were selected for this meta-analysis
(Supplementary Figure S1). This included 8 articles from East Asia and Pacific, 1
article from Middle East and North Africa, 6 articles from North America, 5 articles from
Europe and Central Asia, and 1 article from South Asia. A total of 6,368,225 individuals
were included, out of which 47,866 were living with underweight and 5,206,017 were
living with normal weight. The mean age of the populations who were underweight and

normal weight were 72 and 67 years respectively. The proportion of males in the
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populations who were underweight and normal weight were 48.0% and 69.0%
respectively, while the mean BMI were 17.3 kg/m? and 23.0 kg/m? respectively. Of the
47,661 patients who were underweight, 93.0% presented with ST-elevation MI; whilst
97.7% of the 5,204,752 patients with normal weight, presented with ST-elevation MI.
The summary of included articles and their risk of bias can be found in Supplementary
Table S1. The mean Newcastle-Ottawa Scale score was 7.28, which reflected a high

level of quality of evidence.

Among 6,368,225 patients with MI, the overall pooled prevalence rate of
patients who were underweight was 2.96% (95%CI: 1.96% to 4.47%, Central
lllustration, Table 1). The prevalence of patients who were underweight was
significantly higher in populations who were predominantly of Asian race/ethnicity
(4.95%, 95%CI: 2.87% to 8.41%) compared to predominantly of Caucasian
race/ethnicity (1.84%, 95%CI: 1.10% to 3.05%, p=0.0028). The lower middle-income
group had the highest prevalence of patients who were underweight (14.22%, 95%ClI:
11.83% to 17.01%), followed by the upper middle-income (3.40%, 95%CI: 2.31% to

5.38%), and the high-income group (2.57%, 95%CI: 1.54% to 4.16%, p<0.0001).

In the comparison of baseline characteristics (Supplementary Table S2), the
prevalence of heart failure was significantly higher among patients who were
underweight compared to normal weight. However, the prevalence of dyslipidemia,
type 2 diabetes mellitus and hypertension were significantly higher among patients

with normal weight.
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A total of 13 studies (involving 214,382 patients) reported all-cause mortality
rates. The temporal trend of all-cause mortality in patients who were underweight and
with normal weight is presented in Supplementary Table S3, and a bar plot of the odds
ratios can be found in Supplementary Figure S2. In populations who were underweight,
the overall pooled mortality rate was 49.12% (95%CI: 28.46% to 70.08%). All-cause
mortality rate increased from 14.16% (95%CI: 9.73% to 20.15%) at 30 days to 52.69%

(95%CI: 20.65% to 82.65%) at 5 years.

The overall summary for the outcome of all-cause mortality can be seen in
Table 2 and Figure 1. There was a significantly increased all-cause mortality risk in
patients who were underweight compared to those with normal weight (OR: 2.78,
95%CI: 2.30 to 3.35, p<0.001). Subgroup analysis by race/ethnicity found significantly
higher odds of mortality in populations who were predominantly of Asian race/ethnicity
(OR: 3.56, 95%Cl. 2.74 to 4.62) compared to predominantly of Caucasian
race/ethnicity (OR: 2.36, 95%CI: 1.80 to 3.09, p=0.0062). There were no significant
differences in all-cause mortality when subgrouped by income group and underweight
BMI cut-off. Funnel plot analysis showed no publication bias (Supplementary Figure

S3).

Next, a pooled analysis of hazard ratios demonstrated that patients who were
underweight had 86% higher hazard for mortality following MI compared to those with
normal weight (HR: 1.86, 95%CI: 1.64 to 2.12, p<0.0001). After adjusting for baseline
variables such as age, sex, clinical presentation, and interventions, the mortality risk
remained significantly higher in the underweight compared to normal weight group

(HR: 1.66, 95%CI: 1.44 to 1.92, p<0.0001) (Supplementary Table S4).

11
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Patients who were underweight had increased odds of cardiac mortality (OR:
2.70, 95%CI: 1.86 to 3.92, p=0.0018), in-hospital mortality (OR: 1.91, 95%CI: 1.84 to
1.99, p<0.0001), and cardiogenic shock (OR: 1.11, 95%CI: 1.02 to 1.20, p=0.0364)
compared to patients with normal weight (Table 3, Figure 1). However, there were no

differences in rates of reinfarction and cerebrovascular accidents between both groups.

Patients who were underweight were less likely to be prescribed glycoprotein
[Ib/Illa inhibitors, aspirin, clopidogrel, beta-blockers, angiotensin receptor blockers or
angiotensinogen converting enzyme inhibitors, and statins compared to those with

normal weight (Table 3, Figure 1).

DISCUSSION

Whilst the identification of risk factors and targeted management in patients
with MI and who are underweight are lacking in current clinical practice guidelines, 3132
there have been concerning preliminary data from cohort studies demonstrating poor
prognosis in these individuals. 533 Prior meta-analyses %1% have examined the
association of the wide range of BMI categories and prognostic outcomes in coronary
artery disease, reporting a J-shaped association between mortality and BMI. Our study
extends the current knowledge by strengthening this association between underweight
and adverse prognosis through findings from a large study population of 6.3 million
patients. The advantage of this large meta-analysis allows for comprehensive
subgroup analyses based on geographical region, ethnicity, income status, follow-up
duration, and Ml type, which in turn provides valuable information on the implications

for healthcare policy making and clinical practice. Our study highlights that an

12
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318

estimated 3% of MI patients live with underweight, and 1 in 2 patients who are
underweight do not survive beyond 5 years post-MlI, despite the lower prevalence of
cardiovascular risk factors such as hypertension, dyslipidemia, and type 2 diabetes
mellitus compared to other BMI categories. 3435 Additionally, individuals who are
underweight are at higher risks of cardiovascular complications compared to their
counterparts who are of normal weight. Notably, patients who are underweight are
more likely to be discharged with fewer guideline-directed medical therapy following

M.

The European Society of Cardiology and American Heart Association
guidelines recommend lifestyle modifications and the use of prognostically-important
medications including antiplatelet therapy, beta-blockers, angiotensin-converting
enzyme inhibitors, and statins for all patients following MI. 313236 However, our study
shows the concerningly lower rates of guideline-directed medical therapy prescribed
to patients who were underweight with MI compared to patients who were of normal
weight. One plausible explanation might be that they were unsuitable for specific
pharmacological therapeutics.3”:383% Their frailty and hemodynamic instability may
deter the usage of certain drugs such as beta-blockers. 324° A more concerning
misconception that may explain the lower rates of post-MI medical therapy is the lower
rates of classical cardiovascular risk factors associated with these patients. 44? The
metabolic health of these patients tends to be underestimated since the presence of
low BMI may not be entirely benign.*344 Low BMI is identified as an independent risk
factor for post-MI mortality, which has a reportedly greater predictive value than high
BMI. 3445 In fact, current literature has reported on the presence of an “obesity

paradox”, where moderate obesity is associated with a protective effect against
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mortality. Recent studies have recognized this issue, with a position paper by the
European Association for Predictive, Preventive and Personalized Medicine
cautioning against assuming that patients with low borderline “normal” BMI have a
desirable body weight. 46 Thus, there is a need to address the misconception that Ml
patients who are underweight may fare better and require less medical attention. It is
important for healthcare professionals to be cognizant that “healthy” patients, based
solely on BMI, who are underweight, may in fact have a higher mortality risk than other
BMI groups despite having fewer associated cardiovascular comorbidities. There is
thus an urgent need for updated clinical practice guidelines on the primary and

secondary prevention of Ml in patients who are underweight.

Various hypotheses have been proposed to explain the poorer prognostic
outcomes in patients who are underweight. 478 One of the most plausible hypotheses
relates to the lower lean body mass and body fat in these individuals. #° Lean body
mass has beneficial effects on metabolism, while reduced body fat may increase
mortality risks due to lowered levels of physiological stores. 595152 However, Bucholz
et. al., reported an important observation that increased mortality was evident even in
patients without the presence of frailty or significant comorbidities. > Moreover, our
meta-analysis also alludes to this with underweight being an independent predictor of
mortality even after adjusting for important confounders. There may be other
unexplored pathophysiological mechanisms underlying the poor prognosis of
populations who were underweight that warrant further investigation. Our study
suggests potential non-ischemic and non-cardiac pathomechanisms, given that
populations who were underweight did not have higher risks of recurrent Ml despite

being prescribed less statins. >3 Post-MI, these patients may be more susceptible to

14



344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

certain types of cancer and other frailty-associated diseases. ** Moreover, the
comparatively lower rates of drugs prescribed for patients who were underweight may
also contribute to the poor prognosis. Given that underweight is a recently established
non-traditional but reversible cardiovascular risk factor, 3% a more nuanced
understanding behind the pathophysiology and risk factors in these populations will aid

in creating targeted and holistic guidelines to improve outcomes post-MI.

The J-shaped association of BMI and morbidity or mortality has been well
described in many disease states,®® with underweight status identified as an adverse
prognostic marker. 1718 Although underweight and undernutrition are often used
interchangeably, clinicians need to remain cognizant that underweight is not
synonymous to undernutrition. 5657 Therefore, it is worth investigating whether
nutritional measures should be used in tandem with BMI to stratify individuals at higher
risks of further complications and mortality. 58.59.6% Although low BMI is an indicator for
more aggressive treatment in patients with MI, it may not be the absolute best
prognosticating marker for mortality and other outcomes. 6! Nutritional risk tools may
be considered instead given their more holistic evaluation of patients.%8:62 Moreover,
there is a need to differentiate between patients who have experienced intentional and
unintentional weight loss, given that it leads to different outcomes. 6364 Hence, future
studies examining the effectiveness of singular and multiple measures of malnutrition
should be conducted to further our understanding of the appropriate tools to use in the

context of cardiovascular diseases. 6°

We highlight that the mortality burden associated with underweight is a global

health issue that does not discriminate between populations based on socio-economic
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status. Even though the prevalence of those who were underweight and with Ml was
greater in the lower middle-income countries, partly due to the higher absolute
prevalence of individuals who were underweight in these countries, 8667 mortality rates
between the various income groups were similar. This calls for concerted multinational
efforts in addressing underweight and malnutrition globally, including countries with
traditionally lower rates. Moreover, individuals of Asian race/ethnicity appeared to
have lower BMI and at higher risk of death after MI than individuals of Caucasian
race/ethnicity, indicating that adequate nutrition is important in preserving health
during illness as well. Individuals from Asian heritage tend to have lower levels of lean
body mass but are at higher risks of developing type 2 diabetes mellitus, 8
predisposing to advanced coronary artery disease. 0516970 The higher levels of
cholesterol in traditional Asian cuisine, 1"t and increased rates of smoking and alcohol
consumption amongst those of Asian race/ethnicity are known drivers for
cardiovascular diseases. ">’ Given the interplay of genetic and lifestyle factors,’®
poorer prognostic outcomes in patient of Asian race/ethnicity may still be observed at
higher BMI ranges above the underweight BMI cut-off. Future studies should consider
examining the relevance of race/ethnicity in the categorization of cardiovascular

disease risk by BMI groups.

However, the study has its limitations. Most studies originated from the high-
income countries, decreasing the generalizability of our findings. Additionally, there
was a lack of mortality data from the lower middle-income countries, and a paucity of
data from the geographical regions of Middle East & North Africa, and South Asia.
Despite these limitations, the data allow our readers a glimpse into the potential

differences in underweight Ml in different countries. Future studies should examine if
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these findings are applicable to other parts of the world. Next, given that the individual’s
BMI may change over time, the baseline BMI data used to categorize individuals may
not be fully representative of the BMI trends and survival over time. /7 Lastly, patients
who were underweight in our meta-analysis tended to be older with more comorbidities,
resulting in poorer outcomes such as higher mortality rates. ® Thus, the results may
be less applicable to younger patients who are underweight and with fewer
comorbidities. Moreover, there was a significantly lower proportion of males in the
underweight population. However, we were unable to conduct more detailed analysis
with stratification by age and sex due to the paucity of data in the included studies.
Nonetheless, the significantly higher adjusted hazard ratio of all-cause mortality in the
underweight population compared to the normal weight population illustrates the

general differences in prognostic outcomes between the 2 groups of patients.

In conclusion, up to 3% of all Ml patients are living with underweight and they
tend to have poorer prognostic outcomes compared to patients with normal weight.
Lower middle-income and Asian-predominant populations are also at higher risk of
being underweight and having poorer prognosis respectively. Ultimately, there is a
need for adequate nutrition and aggressive treatment despite the lack of classical
cardiovascular risk factors in these overlooked patients. This calls for concerted efforts
in addressing this non-traditional but modifiable risk factor in clinical practice for
patients who are underweight. Further studies are necessary to shed light on the

pathophysiology between underweight and higher mortality rates in patients with MI.

17



416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

ACKNOWLEDGEMENTS
Author contributions
Conceptualization — Chaoxing Lin, Wan Hsien Loke, Bing Han Ng, Yip Han Chin,
Gwyneth Kong, Bryan Chong, Nicholas WS Chew
Data curation — Chaoxing Lin, Wan Hsien Loke, Bing Han Ng, Yip Han Chin, Gwyneth
Kong, Bryan Chong, Christen En Ya Ong, Kai En Chan, Clarissa Fu, Tasha Idnani,
Rachel Sze Jen Goh
Formal analysis — Chaoxing Lin, Wan Hsien Loke, Bing Han Ng, Yip Han Chin,
Gwyneth Kong, Bryan Chong, Christen En Ya Ong, Kai En Chan, Clarissa Fu, Tasha
ldnani, Rachel Sze Jen Goh
Supervision —Mark D. Muthiah, Chin Meng Khoo, Roger Foo, Poay Huan Loh, Mark Y
Chan, Adrian Brown, Georgios K Dimitriadis, Nicholas WS Chew
Validation — Yip Han Chin, Tasha Idnani, Rachel Sze Jen Goh, Mark D. Muthiah, Chin
Meng Khoo, Roger Foo, Poay Huan Loh, Mark Y Chan, Adrian Brown, Georgios K
Dimitriadis, Nicholas WS Chew
Writing, original draft — Chaoxing Lin, Wan Hsien Loke, Bing Han Ng, Yip Han Chin,
Gwyneth Kong, Bryan Chong, Nicholas WS Chew
Writing, review, and editing — Chaoxing Lin, Wan Hsien Loke, Bing Han Ng, Yip Han
Chin, Gwyneth Kong, Bryan Chong, Christen En Ya Ong, Kai En Chan, Clarissa Fu,
Tasha ldnani, Rachel Sze Jen Goh, Mark D. Muthiah, Chin Meng Khoo, Roger Foo,
Poay Huan Loh, Mark Y Chan, Adrian Brown, Georgios K Dimitriadis, Nicholas WS

Chew

All authors have read and approved the final version of the manuscript for submission.

18



440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

REFERENCES
1. WHO Expert Committee on Physical Status: The Use and Interpretation of
Anthropometry, World Health Organization. Physical status: The use of and
interpretation of anthropometry, report of a WHO expert committee. World Health
Organization Available at: https://apps.who.int/iris/handle/10665/37003.
2. Jia H, Zack MM, Thompson WW. Population-Based Estimates of Decreases in
Quiality-Adjusted Life Expectancy Associated with Unhealthy Body Mass Index. Public
Health Rep 2016;131:177-184.
3. Roh L, Braun J, Chiolero A, Bopp M, Rohrmann S, Faeh D, for the Swiss National
Cohort Study Group. Mortality risk associated with underweight: a census-linked
cohort of 31,578 individuals with up to 32 years of follow-up. BMC Public Health
2014;14:371.
4. Chong B, Kong G, Shankar K, Chew HSJ, Lin C, Goh R, Chin YH, Tan DJH, Chan
KE, Lim WH, Syn N, Chan SP, Wang J-W, Khoo CM, Dimitriadis GK, Wijarnpreecha
K, Sanyal A, Noureddin M, Siddiqui MS, Foo R, Mehta A, Figtree GA, Hausenloy DJ,
Chan MY, Ng CH, Muthiah M, Mamas MA, Chew NWS. The global syndemic of
metabolic diseases in the young adult population: A consortium of trends and
projections from the Global Burden of Disease 2000—-2019. Metab Clin Exp.
5. Quek J, Chan KE, Wong ZY, Tan C, Tan B, Lim WH, Tan DJH, Tang ASP, Tay P,
Xiao J, Yong JN, Zeng RW, Chew NWS, Nah B, Kulkarni A, Siddiqui MS, Dan YY,
Wong VW, Sanyal AJ, Noureddin M, Muthiah M, Ng CH. Global prevalence of non-
alcoholic fatty liver disease and non-alcoholic steatohepatitis in the overweight and
obese population: a systematic review and meta-analysis. Lancet Gastroenterol

Hepatol 2023;8(1):20-30.

19



464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

6. Bucholz EM, Krumholz HA, Krumholz HM. Underweight, Markers of Cachexia, and
Mortality in Acute Myocardial Infarction: A Prospective Cohort Study of Elderly
Medicare Beneficiaries. PLoS Medicine 2016;13.

7. Nakajima K, Yamaoka H, Morita K, Ebata M, Eguchi S, Muneyuki T, Munakata H.
Elderly people with low body weight may have subtle low-grade inflammation. Obesity
(Silver Spring) 2009;17:803-808.

8. Toh JZK, Pan X-H, Tay PWL, Ng CH, Yong JN, Xiao J, Koh JH, Tan EY, Tan EXX,
Dan YY, Loh PH, Foo R, Chew NWS, Sanyal AJ, Muthiah MD, Siddiqui MS. A Meta-
Analysis on the Global Prevalence, Risk factors and Screening of Coronary Heart
Disease in Nonalcoholic Fatty Liver Disease. Clin Gastroenterol Hepatol
2022;20:2462-2473.e2410.

9. Patlolla SH, Gurumurthy G, Sundaragiri PR, Cheungpasitporn W, Vallabhajosyula
S. Body Mass Index and In-Hospital Management and Outcomes of Acute Myocardial
Infarction. Medicina (Kaunas) 2021;57.

10. Su W, Wang M, Zhu J, Li W, Ding X, Chen H, Li HW, Zhao XQ. Underweight
predicts greater risk of cardiac mortality post acute myocardial infarction. Int Heart J
2020;61:658-664.

11. Anand VV, Lee ECZ, Chin YH, Lim WH, Goh RSJ, Lin C, Ng CH, Kong G, Tay
PWL, Devi K, Muthiah M, Singh V, Chu D-T, Khoo CM, Chan MY, Dimitriadis G, Foo
R, Chew NWS. Barriers and facilitators to engagement with a weight management
intervention in Asian patients with overweight or obesity: A Systematic Review. Endocr
Pract 2022:5S1530-891X(22)00647-4.

12. Lin C, Yeong TJJ, Lim WH, Ng CH, Yau CE, Chin YH, Muthiah MD, Loh PH, Foo

RSY, Mok SF, Shabbir A, Dimitriadis GK, Khoo CM, Chew NWS. Comparison of

20



488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

mechanistic pathways of bariatric surgery in patients with diabetes mellitus: A
Bayesian network meta-analysis. Obesity (Silver Spring) 2022;30:1380-1390.

13. Kong G, Chew NWS, Ng CH, Chin YH, Lim OZH, Ambhore A, Ng G, Kong W, Poh
K-K, Foo R, Yip J, Yeo T-C, Low AF-H, Lee C-H, Chan MY-Y, Tan H-C, Loh P-H.
Prognostic Outcomes in Acute Myocardial Infarction Patients Without Standard
Modifiable Risk Factors: A Multiethnic Study of 8,680 Asian Patients. Front Cardiovasc
Med 2022;9:869168.

14. Chew NWS, Ng CH, Truong E, Noureddin M, Kowdley KV. Nonalcoholic
Steatohepatitis Drug Development Pipeline: An Update. Semin Liver Dis 2022;42:379-
400.

15. Kong G, Chin YH, Chong B, Goh RSJ, Lim OZH, Ng CH, Muthiah M, Foo R,
Vernon ST, Loh PH, Chan MY, Chew NWS, Figtree GA. Higher mortality in acute
coronary syndrome patients without standard modifiable risk factors: Results from a
global meta-analysis of 1,285,722 patients. Int J Cardiol 2023;371:432-440.

16. Yeong T, Mai AS, Lim OZH, Ng CH, Chin YH, Tay P, Lin C, Muthiah M, Khoo CM,
Dalakoti M, Loh PH, Chan M, Yeo TC, Foo R, Wong R, Chew NWS, Lin W. Can
glucose-lowering medications improve outcomes in non-diabetic heart failure
patients? A Bayesian network meta-analysis. ESC Heart Fail 2022;9:1338-1350.
17.Wang ZJ, Zhou YJ, Galper BZ, Gao F, Yeh RW, Mauri L. Association of body mass
index with mortality and cardiovascular events for patients with coronary artery
disease: a systematic review and meta-analysis. Heart 2015;101:1631.

18. De Paola L, Mehta A, Pana TA, Carter B, Soiza RL, Kafri MW, Potter JF, Mamas
MA, Myint PK. Body Mass Index and Mortality, Recurrence and Readmission after
Myocardial Infarction: Systematic Review and Meta-Analysis. J Clin Med

2022;11:2581.

21



513

514

515

516

o17

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

19. Ma WQ, Sun XJ, Wang Y, Han XQ, Zhu Y, Liu NF. Does body mass index truly
affect mortality and cardiovascular outcomes in patients after coronary
revascularization with percutaneous coronary intervention or coronary artery bypass
graft? A systematic review and network meta-analysis. Obes Rev 2018;19:1236-1247.
20. Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou R, Glanville J, Grimshaw JM,
Hrobjartsson A, Lalu MM, Li T, Loder EW, Mayo-Wilson E, McDonald S, McGuinness
LA, Stewart LA, Thomas J, Tricco AC, Welch VA, Whiting P, Moher D. The PRISMA
2020 statement: an updated guideline for reporting systematic reviews. BMJ
2021:;372:n71.

21. World Health Organization. Regional Office for the Western Pacific. The Asia-
Pacific perspective : redefining obesity and its treatment. Sydney : Health
Communications Australia Available at:
https://apps.who.int/iris/handle/10665/206936.

22. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range. BMC Med
Res Methodol 2014;14:135.

23. Harrer M, Cuijpers P, Furukawa TA, Ebert DD. Doing Meta-Analysis With R: A
Hands-On Guide. Boca Raton, FL and London: Chapman & Hall/CRC Press, 2021.
Available at: https://bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/

24. Clopper CJ, Pearson ES. The Use of Confidence or Fiducial Limits lllustrated in
the Case of the Binomial. Biometrika 1934;26:404-413.

25. Schwarzer G, Chemaitelly H, Abu-Raddad LJ, Rucker G. Seriously misleading
results using inverse of Freeman-Tukey double arcsine transformation in meta-

analysis of single proportions. Res Synth Methods 2019;10:476-483.

22



538

539

540

o241

542

543

544

545

546

47

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

26. Lin L, Chu H. Meta-analysis of Proportions Using Generalized Linear Mixed
Models. Epidemiology 2020;31:713-717.

27. Deeks JJ, Higgins JPT, Altman DG (editors). Chapter 10: Analysing data and
undertaking meta-analyses. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li
T, Page MJ, Welch VA (editors). Cochrane Handbook for Systematic Reviews of
Interventions version 6.3 (updated February 2022). Cochrane, 2022. Available at:
www.training.cochrane.org/handbook.

28. The World Bank. The World by Income and Region. Available at:
https://datatopics.worldbank.org/world-development-indicators/the-world-by-income-

and-region.html. Accessed May 20, 2022.

29. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ 2003;327:557-560.

30. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized studies in
meta-analyses. Available at:
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp. Accessed May 25,
2022.

31. O’'Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK, Lemos JAd, Ettinger
SM, Fang JC, Fesmire FM, Franklin BA, Granger CB, Krumholz HM, Linderbaum JA,
Morrow DA, Newby LK, Ornato JP, Ou N, Radford MJ, Tamis-Holland JE, Tommaso
CL, Tracy CM, Woo YJ, Zhao DX. 2013 ACCF/AHA Guideline for the Management of
ST-Elevation Myocardial Infarction. Circ 2013;127:€362-e425.

32. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, Caforio
ALP, Crea F, Goudevenos JA, Halvorsen S, Hindricks G, Kastrati A, Lenzen MJ,

Prescott E, Roffi M, Valgimigli M, Varenhorst C, Vranckx P, Widimsky P, ESC Scientific

23



563

564

565

566

567

568

569

570

o571

572

573

o574

575

576

YA

578

579

580

581

582

583

584

585

586

Document Group. 2017 ESC Guidelines for the management of acute myocardial
infarction in patients presenting with ST-segment elevation: The Task Force for the
management of acute myocardial infarction in patients presenting with ST-segment
elevation of the European Society of Cardiology (ESC). Eur Heart J 2017;39:119-177.
33. Fukuoka S, Kurita T, Dohi K, Masuda J, Seko T, Tanigawa T, Saito Y, Kakimoto
H, Makino K, Ito M. Untangling the obesity paradox in patients with acute myocardial
infarction after primary percutaneous coronary intervention (detail analysis by age). Int
J Cardiol 2019;289:12-18.

34. Park D, Lee JH, Han S. Underweight: Another risk factor for cardiovascular
disease? Medicine (Baltimore) 2017;96.

35. Ng CH, Chan KE, Chin YH, Zeng RW, Tsai PC, Lim WH, Tan DJH, Khoo CM, Goh
LH, Ling ZJ, Kulkarni A, Mak LL, Huang DQ, Chan M, Chew NW, Siddiqui MS, Sanyal
AJ, Muthiah M. The effect of diabetes and prediabetes on the prevalence,
complications and mortality in nonalcoholic fatty liver disease. Clin Mol Hepatol
2022;28(3):565-574.

36. Ng CH, Lin SY, Chin YH, Lee MH, Syn N, Goh XL, Koh JH, Quek J, Hao Tan DJ,
Mok SF, Tan E, Dan YY, Chew N, Khoo CM, Siddiqui MS, Muthiah M. Antidiabetic
Medications for Type 2 Diabetics with Nonalcoholic Fatty Liver Disease: Evidence
From a Network Meta-Analysis of Randomized Controlled Trials. Endocr Pract
2022;28(2):223-230.

37. Chew NWS, Koh JH, Ng CH, Tan DJH, Yong JN, Lin C, Lim OZ, Chin YH, Lim
DMW, Chan KH, Loh PH, Low A, Lee CH, Tan HC, Chan M. Coronary Artery Bypass
Grafting Versus Percutaneous Coronary Intervention for Multivessel Coronary Artery

Disease: A One-Stage Meta-Analysis. Front Cardiovasc Med 2022;9:822228.

24



587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

38. Chin YH, Lim O, Lin C, Chan YY, Kong G, Ng CH, Chong B, Syn N, Chan KE,
Muthiah MD, Siddiqui MS, Wang JW, Figtree G, Chan MY, Chew NWS. Meta-analysis
of the Placebo and Nocebo Effects Associated with Placebo Treatment in Randomized
Trials of Lipid Lowering Therapy. Eur Heart J Qual Care Clin Outcomes 2022:qcac060.
39. Chin YH, Ng CH, Chew NW, Kong G, Lim WH, Tan DJH, Chan KE, Tang A, Huang
DQ, Chan MY, Figtree G, Wang JW, Shabbir A, Khoo CM, Wong VW, Young DY,
Siddiqui MS, Noureddin M, Sanyal A, Cummings DE, Syn N, Muthiah MD. The placebo
response rate and nocebo events in obesity pharmacological trials. A systematic
review and meta-analysis. EClinicalMedicine 2022;54:101685.

40. Steinberg BA, Cannon CP, Hernandez AF, Pan W, Peterson ED, Fonarow GC.
Medical Therapies and Invasive Treatments for Coronary Artery Disease by Body
Mass: The "Obesity Paradox" in the Get With The Guidelines Database. Am J Cardiol
2007;100:1331-1335.

41. Figtree GA, Vernon ST, Hadziosmanovic N, Sundstrom J, Alfredsson J, Arnott C,
Delatour V, Ledsdottir M, Hagstrom E. Mortality in STEMI patients without standard
modifiable risk factors: a sex-disaggregated analysis of SWEDEHEART registry data.
Lancet 2021;397:1085-1094.

42. Chong B, Goh RSJ, Kong G, Sim FRE, Ng CH, Teo XYV, Quek JX, Lim O, Chin
YH, Chan SP, Chan MY, Tan HC, Chew NWS, Loh PH. Comparison of biodegradable
and newer generation durable polymer drug-eluting stents with short-term dual
antiplatelet therapy: a systematic review and Bayesian network meta-analysis of
randomized trials comprising of 43,875 patients. J Thromb Thrombolysis
2022:53(3):671-682.

43. Ng CH, Xiao J, Lim WH, Chin YH, Yong JN, Tan DJH, Tay P, Syn N, Foo R, Chan

M, Chew N, Tan EX, Huang DQ, Dan YY, Tamaki N, Siddiqui MS, Sanyal AJ, Loomba

25



612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

R, Noureddin M, Muthiah MD. Placebo effect on progression and regression in NASH:
Evidence from a meta-analysis. Hepatology 2022;75(6):1647-1661.

44. Chew NWS, Zhang A, Kong G, Lee KL, Ng CH, Chong B, Ngiam JN, Sia CH, Loh
PH, Lim Y, Kuntjoro I, Wong RC, Kong WK, Yeo TC, Poh KK. Prognostically Distinct
Phenotypes of Metabolic Health Beyond Obesity in Aortic Stenosis. Am J Cardiol
2022;178:112-118.

45. Aronson D, Nassar M, Goldberg T, Kapeliovich M, Hammerman H, Azzam ZS.
The impact of body mass index on clinical outcomes after acute myocardial infarction.
Int J Cardiol 2010;145:476-480.

46. Golubnitschaja O, Liskova A, Koklesova L, Samec M, Biringer K, Busselberg D,
Podbielska H, Kunin AA, Evsevyeva ME, Shapira N, Paul F, Erb C, Dietrich DE, Felbel
D, Karabatsiakis A, Bubnov R, Polivka J, Polivka J, Birkenbihl C, Frohlich H, Hofmann-
Apitius M, Kubatka P. Caution, “normal” BMI: health risks associated with potentially
masked individual underweight—EPMA Position Paper 2021. EPMA J 2021;12:243-
264.

47. Varghese JS, Stein AD. Malnutrition among women and children in India: limited
evidence of clustering of underweight, anemia, overweight, and stunting within
individuals and households at both state and district levels. Am J Clin Nutr
2019;109:1207-1215.

48. Sahin S, Tasar PT, Simsek H, Cicek Z, Eskiizmirli H, Aykar FS, Sahin F, Akcicek
F. Prevalence of anemia and malnutrition and their association in elderly nursing home
residents. Aging Clin Exp Res 2016;28:857-862.

49. Pan WH, Yeh WT. How to define obesity? Evidence-based multiple action points
for public awareness, screening, and treatment: an extension of Asian-Pacific

recommendations. Asia Pac J Clin Nutr 2008;17:370-374.

26



637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

50. O'Brien EC, Fosbol EL, Peng SA, Alexander KP, Roe MT, Peterson ED.
Association of body mass index and long-term outcomes in older patients with non-
ST-segment-elevation myocardial infarction results from the CRUSADE registry. Circ
Cardiovasc Qual Outcomes 2014;7:102-109.

51. Kanic V, Vollrath M, Frank B, Kanic Z. An obesity paradox in patients with
myocardial infarction undergoing percutaneous intervention. Nutr Metab Cardiovasc
Dis 2021;31:127-136.

52. Chew NWS, Ng CH, Muthiah MD, Sanyal AJ. Comprehensive Review and
Updates on Holistic Approach Towards Non-Alcoholic Fatty Liver Disease
Management with Cardiovascular Disease. Curr Atheroscler Rep 2022;24(7):515-532.
53. Han X, Zhang Y, Yin L, Zhang L, Wang Y, Zhang H, Li B. Statin in the treatment
of patients with myocardial infarction: A meta-analysis. Medicine (Baltimore)
2018;97:e0167-e0167.

54. Malmborg M, Christiansen CB, Schmiegelow MD, Torp-Pedersen C, Gislason G,
Schou M. Incidence of new onset cancer in patients with a myocardial infarction - A
nationwide cohort study. BMC Cardiovasc Disord 2018;18.

55. Chew NW, Figtree GA, Kong G, Vernon S, Muthiah M, Ng CH, Chan MY, Loh PH.
Hepatic steatosis and advanced fibrosis are independent predictors of mortality in
acute myocardial infarction without standard modifiable risk factors. Diabetes Obes
Metab 2022;24(12):2454-2458.

56. NCD Risk Factor Collaboration. Trends in adult body-mass index in 200 countries
from 1975 to 2014: a pooled analysis of 1698 population-based measurement studies
with 19-2 million participants. The Lancet 2016;387:1377-1396.

57. World Health Organization. Malnutrition. Available at: https://www.who.int/news-

room/questions-and-answers/item/malnutrition. Accessed Jan 30, 2023.

27



662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

58. Reber E, Gomes F, Vasiloglou MF, Schuetz P, Stanga Z. Nutritional Risk
Screening and Assessment. J Clin Med 2019;8:1065.

59. Quek J, Lim G, Lim WH, Ng CH, So WZ, Toh J, Pan XH, Chin YH, Muthiah MD,
Chan SP, Foo RSY, Yip J, Neelakantan N, Chong MFF, Loh PH, Chew NWS. The
Association of Plant-Based Diet With Cardiovascular Disease and Mortality: A Meta-
Analysis and Systematic Review of Prospect Cohort Studies. Front Cardiovasc Med
2021;8:756810.

60. Tang A, Ng CH, Phang PH, Chan KE, Chin YH, Fu CE, Zeng RW, Xiao J, Tan
DJH, Quek J, Lim WH, Mak LY, Wang JW, Chew NWS, Syn N, Huang DQ, Siddiqui
MS, Sanyal A, Muthiah M, Noureddin M. Comparative Burden of Metabolic
Dysfunction in Lean NAFLD vs Non-lean NAFLD - A Systematic Review and Meta-
analysis. Clin Gastroenterol Hepatol 2022:51542-3565(22)00669-3.

61. Murray S. Is waist-to-hip ratio a better marker of cardiovascular risk than body
mass index? CMAJ : Can Med Assoc J 2006;174:308-308.

62. Chew NWS, Ng CH, Chan KE, Chee D, Syn N, Tamaki N, Muthiah M, Noureddin
M. FIB-4 Predicts MACE and Cardiovascular Mortality in Patients With Nonalcoholic
Fatty Liver Disease. Can J Cardiol 2022;38(11):1779-1780.

63. Wannamethee SG, Shaper AG, Lennon L. Reasons for intentional weight loss,
unintentional weight loss, and mortality in older men. Arch Intern Med 2005;165:1035-
1040.

64. Nah BKY, Ng CH, Chan KE, Tan C, Aggarwal M, Zeng RW, Xiao J, Chin YH, Tan
EXX, Ren YP, Chee D, Neo J, Chew NWS, Tseng M, Siddiqui MS, Sanyal AJ, Dan
YY, Muthiah M. Historical Changes in Weight Classes and the Influence of NAFLD
Prevalence: A Population Analysis of 34,486 Individuals. Int J Environ Res Public

Health 2022;19(16):9935.

28



687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

65. Green SM, Watson R. Nutritional screening and assessment tools for use by
nurses: literature review. J Adv Nurs 2005;50:69-83.

66. Bhandari P, Gayawan E, Yadav S. Double burden of underweight and overweight
among Indian adults: spatial patterns and social determinants. Public Health Nutr
2021;24:2808-2822.

67. Fryar C, Carroll M, Afful J. Prevalence of underweight among adults aged 20 and
over: United States, 1960-1962 through 2017-2018. NCHS Health E-Stats, 2020.
Available at: https://www.cdc.gov/nchs/data/hestat/underweight-adult-17-
18/underweight-adult.ntm. Accessed May 30, 2022.

68. Gujral UP, Mohan V, Pradeepa R, Deepa M, Anjana RM, Narayan KM. Ethnic
differences in the prevalence of diabetes in underweight and normal weight
individuals: The CARRS and NHANES studies. J Diabetes Res Clin Pract
2018;146:34-40.

69. Rathore V, Singh N, Mahat R. Risk Factors for Acute Myocardial Infarction: A
Review. Eurasian J Med 2018;2(1):1-7.

70. Chew NWS, Kong G, Venisha S, Chin YH, Ng CH, Muthiah M, Khoo CM, Chai P,
Kong W, Poh KK, Foo R, Yeo TC, Chan MY, Loh PH. Long-Term Prognosis of Acute
Myocardial Infarction Associated With Metabolic Health and Obesity Status. Endocr
Pract 2022;28(8):802-810.

71. Henry CJ, Kaur B, Quek RYC. Are Asian foods as “fattening” as western-styled
fast foods? Eur J Clin Nutr 2020;74:348-350.

72. Elkhader BA, Abdulla AA, Ali Omer MA. Correlation of Smoking and Myocardial
Infarction Among Sudanese Male Patients Above 40 Years of Age. Pol J Radiol

2016;81:138-140.

29



711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

73. llic M, Grujicic Sipetic S, Ristic B, llic I. Myocardial infarction and alcohol
consumption: A case-control study. PloS one 2018;13:€0198129-e0198129.

74. Peters SA, Singhateh Y, Mackay D, Huxley RR, Woodward M. Total cholesterol
as a risk factor for coronary heart disease and stroke in women compared with men:
A systematic review and meta-analysis. Atherosclerosis 2016;248:123-131.

75. Kong G, Chew NWS, Ng CH, Chin YH, Zeng R, Foo R, Chan KH, Low AF, Lee
CH, Chan MY, Yeo TC, Tan HC, Loh PH. Long-term outcomes in acute coronary
syndrome patients without standard modifiable risk factors: a multi-ethnic
retrospective cohort study Of 5400 asian patients. J Thromb Thrombolysis
2022;54(4):569-578.

76. Chew NWS, Chong B, Ng CH, Kong G, Chin YH, Xiao W, Lee M, Dan YY, Muthiah
MD, Foo R. The genetic interactions between non-alcoholic fatty liver disease and
cardiovascular diseases. Front Genet 2022;13:971484.

77. Hayes A, Gearon E, Backholer K, Bauman A, Peeters A. Age-specific changes in
BMI and BMI distribution among Australian adults using cross-sectional surveys from
1980 to 2008. Int J Obes 2015;39:1209-1216.

78. Harman D. The aging process: major risk factor for disease and death. Proc Natl

Acad Sci U S A 1991;88:5360-5363.

30



731

732

733

734

735

FIGURE TITLES AND LEGENDS

Central lllustration: Prevalence of and outcomes in patients who were underweight

with myocardial infarction
Figure 1: Summary plot of outcomes and medications in patients who were

underweight compared to normal weight
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ABSTRACT
Whilst the majority of the current evidence on myocardial infarction focuses on obesity,
there is growing evidence that patients who are underweight have unfavorable
prognosis. This study aimed to explore the prevalence, clinical characteristics, and
prognosis of this at-risk population. Embase and Medline were searched for studies
reporting outcomes in populations who were underweight with myocardial infarction.
Underweight and normal weight were defined according to the World Health
Organization criteria. A single arm meta-analysis of proportions was used to estimate
the prevalence of underweight in patients with myocardial infarction, while a meta-
analysis of proportions was used to estimate the odds ratio of all-cause mortality,
medications prescribed, and cardiovascular outcomes. 21 studies involving 6,368,225
patients were included, of whom 47,866 were underweight. The prevalence of
underweight in myocardial infarction patients was 2.96% (95%CI. 1.96% to 4.47%).
Despite having fewer classical cardiovascular risk factors, patients who were
underweight had 66% higher hazard for mortality (HR:1.66, 95%CI: 1.44 to 1.92,
p<0.0001). The mortality of patients who were underweight increased from 14.1% at
30 days to 52.6% at 5 years. Yet, they were less likely to receive guideline-directed
medical therapy. Relative to individuals with normal weight, Asian populations who
were underweight had higher mortality risks than their Caucasian counterparts
(p=0.0062). In conclusion, in patients with myocardial infarction, those who were
underweight tend to have poorer prognostic outcomes. A lower body mass index is an
independent predictor of mortality, which calls for global efforts in addressing this

modifiable risk factor in clinical practice guidelines.



©CO~NOOOTAWNPE

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

Individuals at the extremes of the weight spectrum, often quantified by body mass
index (BMI) >30 kg/m? or <18.5 kg/m?, have been categorized as having unhealthy
weight deviations, * with increased mortality and reduced quality-adjusted life years in
cardiovascular diseases. 234 Whilst a vast majority of the evidence focus on patients
who are overweight or with obesity, ° there is growing evidence that patients with
myocardial infarction (MI) and who are underweight are at increased mortality risk
compared to those with normal weight. ¢ A low BMI, often associated with cachexia
and frailty, is associated with neuroendocrine, metabolic, and inflammatory
pathomechanisms. "8 The lower adiposity, calorie reserve, and muscle mass may
increase host susceptibility to unfavorable prognosis. °1° Understanding the
prognostic role of having a low body weight in patients with MI can have important
implications on the nutritional and weight management strategies of patients 112
beyond the traditional pharmacological therapies. 513141516 Whilst previous meta-
analyses have highlighted the association between the large spectrum of BMI
categories and prognostic outcomes in patients with coronary heart disease, 1719 this
systematic review and meta-analysis will be the first to provide focused analysis on
the prevalence, clinical characteristics and prognostic outcomes of patients who were
underweight presenting with MI. It also aims to provide insights on the differences in
prognosis of individuals who were underweight with Ml based on important factors
such as race/ethnicity, socioeconomic status and different BMI cut-off values of

underweight.
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METHODS

This study was registered with PROSPERO (CRD42022319718) and
conducted in accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines. 2° The data that support the findings of this study are
available from the corresponding authors upon reasonable request. A search was
conducted on Embase and Medline from inception to 16 March 2022 to identify studies
relating to the prevalence, epidemiology, and outcomes of Ml in populations who were
underweight. Keywords relating to “myocardial infarction”, “underweight” and
‘malnutrition” were searched (Supplementary Methods). References from included
meta-analyses were searched for additional articles to be marked for inclusion.

References were imported into Endnote 20 for removal of duplicates before screening.

The title and abstract sieve, and full text review were conducted by 3 authors
independently (CXL, WHL and BHN). Disputes were resolved by consensus with the
involvement of a senior author (NWSC). The inclusion criteria were (1) cohort studies;
(2) studies which examined the outcomes of adult (aged 18 and above) participants
post-Ml; (3) studies which included an underweight BMI group. In our meta-analysis,
studies with BMI deviation of up to *1.5 kg/m? away from the World Health
Organization (WHO) criterion of underweight were included, where underweight and
normal weight were defined as a BMI of < 18.5 kg/m? and a BMI between 18.5 and
24.9 kg/m? respectively. ! In the Asia-Pacific region, an individual with a BMI between
18.5 and 22.9 kg/m? may be classified as living with normal weight instead. ! Reviews,
meta-analyses, editorials, commentaries, conference abstracts, case-controlled
studies, randomized controlled trials and non-English language articles were excluded.

Studies examining pediatric populations or those reporting on populations with unique
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physiological status including cancer patients were excluded. Studies analyzing
results extracted from the same database in overlapping time periods were removed,

and the most comprehensive article was retained.

Data was extracted by 3 independent authors (CXL, WHL and BHN) into a
structured proforma onto an excel sheet. Data on study characteristics (author, country,
region, sample sizes and definitions of the different BMI groups, duration of follow up),
patient demographic (baseline characteristics, clinical presentation, medications), and
outcomes (long term and in-hospital complications and mortality) were extracted. We
extracted the mean and standard deviation for continuous variables, and the number
of patients belonging to each category for dichotomous variables. Values extracted
were stratified according to populations who were underweight and of normal weight.
30 day, 1 year, 2 years and 5 years survival data was extracted from the articles, and
WebPlotDigitizer (Version 4.4) was used to extract data from Kaplan-Meier curves,
where possible. In addition, we extracted the unadjusted and adjusted hazard ratios
of all-cause mortality (HR) in the articles, noting the potential confounders that were
adjusted for. Formulas devised by Wan et al were used to estimate values of mean
and standard deviation when they were not provided. 22 The primary outcome was all-
cause mortality, defined as death from any cause in the given time period in the patient
pool examined, as well as the prevalence of underweight in the MI cohort. The
secondary outcomes included cardiac mortality, in-hospital mortality, reinfarction,

cerebrovascular accident and cardiogenic shock.

RStudio (Version 4.1.0) was used to conduct 3 types of statistical analysis with

the meta package. 23 Firstly, for the analysis of baseline characteristics and patient
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outcomes reported as dichotomous variables, a single arm meta-analysis was
conducted to determine the effect size (ES) using a generalized linear mixed model
with Clopper-Pearson intervals using the metaprop function. 242> The generalized
linear mixed model may be better able to account for within-study variation, with the
assumption of a binomial likelihood for individual study events. 26 Secondly, to estimate
the effect of different BMI categories on dichotomous patient outcomes, a generalized
linear mixed model was similarly applied to determine the odds ratios (OR) using the
metabin function. Thirdly, for the analysis of data reported as continuous variables, a
meta-analysis of means was conducted using the inverse variance method with the
metamean function. Forest and funnel plots were created using the forest.meta and

funnel.meta functions respectively.

Next, Cochrane Review Manager (Version 5.4.1) was used to pool unadjusted
and adjusted HR using the inverse variance model according to the guidelines in the
Cochrane Handbook for Systematic Reviews of Interventions. 2’ Subgroup analysis
was conducted to analyze the difference in outcomes by the definition of low BMI group,
geographical region, race/ethnicity, retrospective or prospective studies, single or
multi center studies, length of follow-up, type of Ml and income group. We followed the
World Bank classification of countries for income group according to the gross national
income per capita, and geographical region. 28 Individuals descending from East Asia,
Central Asia, South Asia and Middle East heritage were defined to be of Asian

race/ethnicity.

As the pooled studies differed in trial characteristics such as inclusion and

exclusion criteria and study duration, we opted for the recommended approach of
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using a random effects model in the analysis. 2° Hartung-Knapp adjustments were
utilized to adjust confidence intervals. 22 A p-value of <0.05 was considered as
statistically significant. Next, I was used to quantify the overall variation across studies
that may be attributed to heterogeneity rather than random chance, where an 12 value
of <25%, 25% to 50%, 50% to 75%, and >75% corresponds to minimal, small,
moderate, and large amounts of heterogeneity respectively. ?° Publication bias was

assessed via a funnel plot.

The Newcastle-Ottawa Scale was used to assess the risk of bias of included
articles by 3 independent authors (CXL, WHL and BHN). Disputes were resolved
through the consensus of a fourth independent author (YHC). The Newcastle-Ottawa
Scale evaluates the bias of cohort studies across 3 domains: (1) the selection of study
groups, (2) the comparability of these groups, and (3) the ascertainment of exposure

or outcome of interest. 2° The maximum possible score given to a study is 9.

RESULTS

The search yielded 4,390 results, of which 1,124 were duplicates. 2,914 studies
were excluded after reviewing the title and abstract, and 352 studies were selected for
full text review. In total, 21 studies were selected for this meta-analysis
(Supplementary Figure S1). This included 8 articles from East Asia and Pacific, 1
article from Middle East and North Africa, 6 articles from North America, 5 articles from
Europe and Central Asia, and 1 article from South Asia. A total of 6,368,225 individuals
were included, out of which 47,866 were living with underweight and 5,206,017 were
living with normal weight. The mean age of the populations who were underweight and

normal weight were 72 and 67 years respectively. The proportion of males in the
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populations who were underweight and normal weight were 48.0% and 69.0%
respectively, while the mean BMI were 17.3 kg/m? and 23.0 kg/m? respectively. Of the
47,661 patients who were underweight, 93.0% presented with ST-elevation MI; whilst
97.7% of the 5,204,752 patients with normal weight, presented with ST-elevation MI.
The summary of included articles and their risk of bias can be found in Supplementary
Table S1. The mean Newcastle-Ottawa Scale score was 7.28, which reflected a high

level of quality of evidence.

Among 6,368,225 patients with MI, the overall pooled prevalence rate of
patients who were underweight was 2.96% (95%CI: 1.96% to 4.47%, Central
lllustration, Table 1). The prevalence of patients who were underweight was
significantly higher in populations who were predominantly of Asian race/ethnicity
(4.95%, 95%CI: 2.87% to 8.41%) compared to predominantly of Caucasian
race/ethnicity (1.84%, 95%CI: 1.10% to 3.05%, p=0.0028). The lower middle-income
group had the highest prevalence of patients who were underweight (14.22%, 95%ClI:
11.83% to 17.01%), followed by the upper middle-income (3.40%, 95%CI: 2.31% to

5.38%), and the high-income group (2.57%, 95%CI: 1.54% to 4.16%, p<0.0001).

In the comparison of baseline characteristics (Supplementary Table S2), the
prevalence of heart failure was significantly higher among patients who were
underweight compared to normal weight. However, the prevalence of dyslipidemia,
type 2 diabetes mellitus and hypertension were significantly higher among patients

with normal weight.
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A total of 13 studies (involving 214,382 patients) reported all-cause mortality
rates. The temporal trend of all-cause mortality in patients who were underweight and
with normal weight is presented in Supplementary Table S3, and a bar plot of the odds
ratios can be found in Supplementary Figure S2. In populations who were underweight,
the overall pooled mortality rate was 49.12% (95%CI: 28.46% to 70.08%). All-cause
mortality rate increased from 14.16% (95%CI: 9.73% to 20.15%) at 30 days to 52.69%

(95%CI: 20.65% to 82.65%) at 5 years.

The overall summary for the outcome of all-cause mortality can be seen in
Table 2 and Figure 1. There was a significantly increased all-cause mortality risk in
patients who were underweight compared to those with normal weight (OR: 2.78,
95%CI: 2.30 to 3.35, p<0.001). Subgroup analysis by race/ethnicity found significantly
higher odds of mortality in populations who were predominantly of Asian race/ethnicity
(OR: 3.56, 95%Cl: 2.74 to 4.62) compared to predominantly of Caucasian
race/ethnicity (OR: 2.36, 95%CI: 1.80 to 3.09, p=0.0062). There were no significant
differences in all-cause mortality when subgrouped by income group and underweight
BMI cut-off. Funnel plot analysis showed no publication bias (Supplementary Figure

S3).

Next, a pooled analysis of hazard ratios demonstrated that patients who were
underweight had 86% higher hazard for mortality following MI compared to those with
normal weight (HR: 1.86, 95%CI: 1.64 to 2.12, p<0.0001). After adjusting for baseline
variables such as age, sex, clinical presentation, and interventions, the mortality risk
remained significantly higher in the underweight compared to normal weight group

(HR: 1.66, 95%CI: 1.44 to 1.92, p<0.0001) (Supplementary Table S4).

11
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Patients who were underweight had increased odds of cardiac mortality (OR:
2.70, 95%CI: 1.86 to 3.92, p=0.0018), in-hospital mortality (OR: 1.91, 95%CI: 1.84 to
1.99, p<0.0001), and cardiogenic shock (OR: 1.11, 95%CI: 1.02 to 1.20, p=0.0364)
compared to patients with normal weight (Table 3, Figure 1). However, there were no

differences in rates of reinfarction and cerebrovascular accidents between both groups.

Patients who were underweight were less likely to be prescribed glycoprotein
[Ib/Illa inhibitors, aspirin, clopidogrel, beta-blockers, angiotensin receptor blockers or
angiotensinogen converting enzyme inhibitors, and statins compared to those with

normal weight (Table 3, Figure 1).

DISCUSSION

Whilst the identification of risk factors and targeted management in patients
with MI and who are underweight are lacking in current clinical practice guidelines, 3132
there have been concerning preliminary data from cohort studies demonstrating poor
prognosis in these individuals. 533 Prior meta-analyses *®1° have examined the
association of the wide range of BMI categories and prognostic outcomes in coronary
artery disease, reporting a J-shaped association between mortality and BMI. Our study
extends the current knowledge by strengthening this association between underweight
and adverse prognosis through findings from a large study population of 6.3 million
patients. The advantage of this large meta-analysis allows for comprehensive
subgroup analyses based on geographical region, ethnicity, income status, follow-up
duration, and Ml type, which in turn provides valuable information on the implications

for healthcare policy making and clinical practice. Our study highlights that an

12



©CO~NOOOTAWNPE

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

estimated 3% of MI patients live with underweight, and 1 in 2 patients who are
underweight do not survive beyond 5 years post-MI, despite the lower prevalence of
cardiovascular risk factors such as hypertension, dyslipidemia, and type 2 diabetes
mellitus compared to other BMI categories. 343% Additionally, individuals who are
underweight are at higher risks of cardiovascular complications compared to their
counterparts who are of normal weight. Notably, patients who are underweight are
more likely to be discharged with fewer guideline-directed medical therapy following

M.

The European Society of Cardiology and American Heart Association
guidelines recommend lifestyle modifications and the use of prognostically-important
medications including antiplatelet therapy, beta-blockers, angiotensin-converting
enzyme inhibitors, and statins for all patients following MI. 313236 However, our study
shows the concerningly lower rates of guideline-directed medical therapy prescribed
to patients who were underweight with MI compared to patients who were of normal
weight. One plausible explanation might be that they were unsuitable for specific
pharmacological therapeutics.®”283% Their frailty and hemodynamic instability may
deter the usage of certain drugs such as beta-blockers. 324° A more concerning
misconception that may explain the lower rates of post-MI medical therapy is the lower
rates of classical cardiovascular risk factors associated with these patients. 44? The
metabolic health of these patients tends to be underestimated since the presence of
low BMI may not be entirely benign.*344 Low BMI is identified as an independent risk
factor for post-MI mortality, which has a reportedly greater predictive value than high
BMI. 3445 In fact, current literature has reported on the presence of an “obesity

paradox”, where moderate obesity is associated with a protective effect against

13
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343

mortality. Recent studies have recognized this issue, with a position paper by the
European Association for Predictive, Preventive and Personalized Medicine
cautioning against assuming that patients with low borderline “normal” BMI have a
desirable body weight. 46 Thus, there is a need to address the misconception that Ml
patients who are underweight may fare better and require less medical attention. It is
important for healthcare professionals to be cognizant that “healthy” patients, based
solely on BMI, who are underweight, may in fact have a higher mortality risk than other
BMI groups despite having fewer associated cardiovascular comorbidities. There is
thus an urgent need for updated clinical practice guidelines on the primary and

secondary prevention of Ml in patients who are underweight.

Various hypotheses have been proposed to explain the poorer prognostic
outcomes in patients who are underweight. 478 One of the most plausible hypotheses
relates to the lower lean body mass and body fat in these individuals. #° Lean body
mass has beneficial effects on metabolism, while reduced body fat may increase
mortality risks due to lowered levels of physiological stores. 595152 However, Bucholz
et. al., reported an important observation that increased mortality was evident even in
patients without the presence of frailty or significant comorbidities. > Moreover, our
meta-analysis also alludes to this with underweight being an independent predictor of
mortality even after adjusting for important confounders. There may be other
unexplored pathophysiological mechanisms underlying the poor prognosis of
populations who were underweight that warrant further investigation. Our study
suggests potential non-ischemic and non-cardiac pathomechanisms, given that
populations who were underweight did not have higher risks of recurrent Ml despite

being prescribed less statins. >3 Post-MI, these patients may be more susceptible to

14
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certain types of cancer and other frailty-associated diseases. ** Moreover, the
comparatively lower rates of drugs prescribed for patients who were underweight may
also contribute to the poor prognosis. Given that underweight is a recently established
non-traditional but reversible cardiovascular risk factor, 3% a more nuanced
understanding behind the pathophysiology and risk factors in these populations will aid

in creating targeted and holistic guidelines to improve outcomes post-MI.

The J-shaped association of BMI and morbidity or mortality has been well
described in many disease states,®® with underweight status identified as an adverse
prognostic marker. 718 Although underweight and undernutrition are often used
interchangeably, clinicians need to remain cognizant that underweight is not
synonymous to undernutrition. 5657 Therefore, it is worth investigating whether
nutritional measures should be used in tandem with BMI to stratify individuals at higher
risks of further complications and mortality. 58596 Although low BMI is an indicator for
more aggressive treatment in patients with MI, it may not be the absolute best
prognosticating marker for mortality and other outcomes. 61 Nutritional risk tools may
be considered instead given their more holistic evaluation of patients.58.62 Moreover,
there is a need to differentiate between patients who have experienced intentional and
unintentional weight loss, given that it leads to different outcomes. 6364 Hence, future
studies examining the effectiveness of singular and multiple measures of malnutrition
should be conducted to further our understanding of the appropriate tools to use in the

context of cardiovascular diseases. 6°

We highlight that the mortality burden associated with underweight is a global

health issue that does not discriminate between populations based on socio-economic
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status. Even though the prevalence of those who were underweight and with Ml was
greater in the lower middle-income countries, partly due to the higher absolute
prevalence of individuals who were underweight in these countries, 8667 mortality rates
between the various income groups were similar. This calls for concerted multinational
efforts in addressing underweight and malnutrition globally, including countries with
traditionally lower rates. Moreover, individuals of Asian race/ethnicity appeared to
have lower BMI and at higher risk of death after MI than individuals of Caucasian
race/ethnicity, indicating that adequate nutrition is important in preserving health
during illness as well. Individuals from Asian heritage tend to have lower levels of lean
body mass but are at higher risks of developing type 2 diabetes mellitus, 8
predisposing to advanced coronary artery disease. °051.6970 The higher levels of
cholesterol in traditional Asian cuisine, 1"t and increased rates of smoking and alcohol
consumption amongst those of Asian race/ethnicity are known drivers for
cardiovascular diseases. ">’ Given the interplay of genetic and lifestyle factors,’®
poorer prognostic outcomes in patient of Asian race/ethnicity may still be observed at
higher BMI ranges above the underweight BMI cut-off. Future studies should consider
examining the relevance of race/ethnicity in the categorization of cardiovascular

disease risk by BMI groups.

However, the study has its limitations. Most studies originated from the high-
income countries, decreasing the generalizability of our findings. Additionally, there
was a lack of mortality data from the lower middle-income countries, and a paucity of
data from the geographical regions of Middle East & North Africa, and South Asia.
Despite these limitations, the data allow our readers a glimpse into the potential

differences in underweight Ml in different countries. Future studies should examine if
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these findings are applicable to other parts of the world. Next, given that the individual’s
BMI may change over time, the baseline BMI data used to categorize individuals may
not be fully representative of the BMI trends and survival over time. /7 Lastly, patients
who were underweight in our meta-analysis tended to be older with more comorbidities,
resulting in poorer outcomes such as higher mortality rates. ® Thus, the results may
be less applicable to younger patients who are underweight and with fewer
comorbidities. Moreover, there was a significantly lower proportion of males in the
underweight population. However, we were unable to conduct more detailed analysis
with stratification by age and sex due to the paucity of data in the included studies.
Nonetheless, the significantly higher adjusted hazard ratio of all-cause mortality in the
underweight population compared to the normal weight population illustrates the

general differences in prognostic outcomes between the 2 groups of patients.

In conclusion, up to 3% of all Ml patients are living with underweight and they
tend to have poorer prognostic outcomes compared to patients with normal weight.
Lower middle-income and Asian-predominant populations are also at higher risk of
being underweight and having poorer prognosis respectively. Ultimately, there is a
need for adequate nutrition and aggressive treatment despite the lack of classical
cardiovascular risk factors in these overlooked patients. This calls for concerted efforts
in addressing this non-traditional but modifiable risk factor in clinical practice for
patients who are underweight. Further studies are necessary to shed light on the

pathophysiology between underweight and higher mortality rates in patients with MI.
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Central lllustration: Prevalence of and outcomes in patients who were underweight
with myocardial infarction
Figure 1: Summary plot of outcomes and medications in patients who were

underweight compared to normal weight

31



O©CoO~NOOOTA~AWNPE

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

SUPPLEMENTARY MATERIAL
Supplementary Methods. Search strategy for Medline
Supplementary Table S1. Summary of included articles
Supplementary Table S2. Pooled baseline characteristics of included articles,
stratified by populations who were underweight and of normal weight
Supplementary Table S3. All-cause mortality following myocardial infarction,
stratified by follow-up duration
Supplementary Table S4. Hazard ratio of all-cause mortality following myocardial
infarction in populations who were underweight compared to normal weight
Supplementary Figure S1. PRISMA flow diagram
Supplementary Figure S2. Bar plot of the temporal trend of all-cause mortality
outcome in patients who were underweight and of normal weight
Supplementary Figure S3. Funnel plot of all-cause mortality outcome in patients who

were underweight and of normal weight

32



Table 1 Click here to access/download;Table (Editable version);Table 1.docx %

Table 1. Prevalence of individuals who were underweight in the myocardial infarction cohort

Studies ES (95% Cl) 12 p-value
Overall 21 2.96% (1.96 to 4.47%) 99.9 -
Race/Ethnicity? 0.0028
Predominantly 10 4.95% (2.87 to 8.41%) 99.2%
Asian
Predominantly 11 1.84% (1.10 to 3.05%) 100.0%
Caucasian
Income group 9x1022
High 16 2.57% (1.54 to 4.16%) 99.9
Upper middle 4 3.40% (2.13 to 5.38%) 87.6
Lower middle 1 14.22% (11.83 to 17.01%) -
Region 3x10-37
East Asia & Pacific 8 5.11% (3.14 to 8.21%) 99.2%
Middle East & 0 0
North Africa 1 1.21% (0.82 to 1.76%) -
North America 6 2.09% (1.01 to 4.28%) 100.0%
urope & Central 5 1.57% (0.57 to 4.21%) 96.0%
South Asia 1 14.22% (11.83 to 17.01%) -
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Retrospective/
Prospective 0.3627

Retrospective 9 2.41% (1.17 to 4.90%) 99.9%

Prospective 12 3.46% (1.99 to 5.94%) 99.1%

Single/ Multi

Center 0.7239
Multi center 13 2.81% (1.61 to 4.85%) 100.0%

Single center 8 3.24% (1.52 to 6.78%) 98.1%

Type of Ml 0.4344
Any 15 3.26% (1.97 to 5.35%) 99.9%

STEMI 5 2.14% (0.66 to 6.74%) 99.6%

NSTEMI 1 3.59% (3.40 to 3.79%) -

MI — Myocardial infarction, ES — Effect size, Cl — Confidence interval, STEMI — ST-elevation MI, NSTEMI — Non ST-elevation M
aPredominantly Asian included all Asian race/ethnicity
Bolded values indicate p-value of <0.05 and it is taken as statistical significance.
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Table 2. All-cause mortality outcomes following myocardial infarction, pooled and stratified by subgroups

Comparison of underweight

Underweight Normal weight against normal weight
Studies ES(95%cC) P B Es@swc) o B or@swey e P
49.12% 26.01%
Overall 13 (284610  99.3% (12.82t0  100.0% 2.718(23010 27 404 gx10®
70.08%) 45.66%) 3.35)
Race/Ethnicity? 0.1207 0.0220 0.0062
. 34.49% ;
Fredominantly 6 (21.70t0  87.1% 1?()'6271/‘;3?0/'02)5 96.7% 3'564(2'27)4 © 26.1%
50.00%) ' :
. 61.34% 41.06%
Predominantly 7 (237410 99.5% (13.60t0  100.0% 2.36 (L8010 g g0
Caucasian 88.99%) 75.51%) 3.09)
Region® 0.0768 0.0113 0.0317
| 31.74% .
Egiitfés'a & 5 (18.72t0  87.9% 1364261/‘;3&/'36 96.9% 3'514(382 0 39.00
48.42%) ' :
0, 0,
Middle East & . 8% oL S 430 (1.94 to
North Africa (85.05 to i (18.31 to i 9.51) i
71.61%) 24.77%) :
76.44% 57.72%
North America 4 (13.62t0  99.7% (10.18to  100.0% 2'414((1);34 0 g89.4%
98.52%) 94.27%) :
Europe & 37.5206 (6.47 22.14% (1.54 2.26 (1.26 to

w

93.0% 99.9%

(o)
Central Asia to 83.91%) to 83.78%) 4.08) 26.0%
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Definition of
underweight

<18.5 kg/m?

<20.0 kg/m?

Retrospective/
Prospective

Retrospective

Prospective

Income group¢®

High

Upper middle

Single/ Multi
Centre

10

11

57.11%
(30.81to
79.92%)
24.42%
(15.84 to
35.67%)

62.77%
(33.84 to
84.75%)
44.16%
(20.29 to
71.07%)

51.64%
(27.16 to
73.56%)
37.83% (3.20
to 91.81%)

99.3%

0.0%

62.2%

99.4%

99.4%

68.8%

0.0046

0.1862

0.2840

0.6663

32.07%
(13.81 to
58.19%)

11.59% (5.20
to 23.85%)

42.74% (8.02
to 86.48%)

21.89% (8.73
to 45.09%)

27.77%
(11.95to
52.13%)

16.88% (8.77
to 30.03%)

100.0%

92.0%

99.6%

100.0%

100.0%

61.0%

0.1350

0.1552

0.1751

0.5866

2.82 (2.26 to
3.52)

2.63 (1.16 to
5.94)

2.95 (1.21 to
7.17)

2.78 (2.24 to
3.45)

2.75 (2.24 to
3.38)

2.91 (0.10 to
86.37)

81.2%

60.1%

75.2%

79.8%

78.3%

80.0%

0.7415

0.7982

0.8381

0.2801



0 o)
44.80% 22.01% 3.17 (2.31 to

Single center 6 (30.62 to 74.6% (11.01to 99.4% 4.35) 63.6%
59.899%) 39.18%) '
52.86% ,
Multi center 7 (16.45t0  99.6% 2?68639/0253%3 100.0% 2'663%%34 ' 82.9%
86.46%) ' '
Type of Ml 6x1017 0 6x108
53.11% 28.38%
Any 10 (26.72t0  99.3% (11.58t0  99.9% 331 (28410 54 5,
3.85)
77.87(2/0) 54.53‘2/0) (
23.84% (5.02 . 11.28% (7.67 . 2.46 (0.39 to ;
STEMI 2 t0 64.0706)  0-0% 016.3006) 0% 15.46)  0-0%
62.38% 45.60%
NSTEMI 1 (59.64 to i (44.68 to i 1'982%37)5 o
65.04%) 46.53%) '
Duration of 0.0798 0.0974 0.5363
follow up
32.80% .
2 years or less 6 (17.65 to 87.4% 1?67334/%2/'0?;3 99.1% 2'933(56?;3 to 40.8%
52.66%) ' '
62.21% 37.65%
Mecgritha” 2 7 (26.75t0  99.4% (12.54t0  100.0% 2'653(%'80 0 8500
y 88.13%) 71.77%) '

ES — Effect size, OR — Odds ratio, Cl — Confidence interval, Ml — Myocardial infarction, STEMI — ST-elevation MI, NSTEMI — Non
ST-elevation MI

aPredominantly Asian included all Asian race/ethnicity

bSouth Asia was not included in the analysis due to a lack of data.

‘Lower middle-income group was not included in the analysis due to a lack of data.

Bolded values indicate p-value of <0.05 and it is taken as statistical significance.
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Table 2. All-cause mortality outcomes following myocardial infarction, pooled and stratified by subgroups

Comparison of underweight

Underweight Normal weight against normal weight
Studies ES(95%cC) P B Es@swc) o B or@swey e P
49.12% 26.01%
Overall 13 (284610  99.3% (12.82t0  100.0% 2.718(23010 27 404 gx10®
70.08%) 45.66%) 3.35)
Race/Ethnicity? 0.1207 0.0220 0.0062
. 34.49% ;
Fredominantly 6 (21.70t0  87.1% 13’66271/‘3’3&8%2)5 96.7% 3'564(2'27)4 © 26.1%
50.00%) ' :
. 61.34% 41.06%
Predominantly 7 (237410 99.5% (13.60t0  100.0% 2.36 (L8010 g g0
Caucasian 88.99%) 75.51%) 3.09)
Region® 0.0768 0.0113 0.0317
| 31.74% .
Egiitfés'a & 5 (18.72t0  87.9% 1364261%3/'36 96.9% 3'514(382 0 39.00
48.42%) ' :
0, 0,
Middle East & . 8% oL S 430 (1.94 to
North Africa (85.05 to i (18.31 to i 9.51) i
71.61%) 24.77%) :
76.44% 57.72%
North America 4 (13.62t0  99.7% (10.18to  100.0% 2'414((1);34 0 g89.4%
98.52%) 94.27%) :
Europe & 37.5206 (6.47 22.14% (1.54 2.26 (1.26 to

w

93.0% 99.9%

(o)
Central Asia to 83.91%) to 83.78%) 4.08) 26.0%
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Definition of
underweight

<18.5 kg/m?

<20.0 kg/m?

Retrospective/
Prospective

Retrospective

Prospective

Income group¢®

High

Upper middle

Single/ Multi
Centre

10

11

57.11%
(30.81to
79.92%)
24.42%
(15.84 to
35.67%)

62.77%
(33.84 to
84.75%)
44.16%
(20.29 to
71.07%)

51.64%
(27.16 to
73.56%)
37.83% (3.20
to 91.81%)

99.3%

0.0%

62.2%

99.4%

99.4%

68.8%

0.0046

0.1862

0.2840

0.6663

32.07%
(13.81 to
58.19%)

11.59% (5.20
to 23.85%)

42.74% (8.02
to 86.48%)

21.89% (8.73
to 45.09%)

27.77%
(11.95to
52.13%)

16.88% (8.77
to 30.03%)

100.0%

92.0%

99.6%

100.0%

100.0%

61.0%

0.1350

0.1552

0.1751

0.5866

2.82 (2.26 to
3.52)

2.63 (1.16 to
5.94)

2.95 (1.21 to
7.17)

2.78 (2.24 to
3.45)

2.75 (2.24 to
3.38)

2.91 (0.10 to
86.37)

81.2%

60.1%

75.2%

79.8%

78.3%

80.0%

0.7415

0.7982

0.8381

0.2801



0 o)
44.80% 22.01% 3.17 (2.31 to

Single center 6 (30.62 to 74.6% (11.01to 99.4% 4.35) 63.6%
59.899%) 39.18%) '
52.86% ,
Multi center 7 (16.45t0  99.6% 2?68639/0253%3 100.0% 2'663%%34 ' 82.9%
86.46%) ' '
Type of Ml 6x1017 0 6x108
53.11% 28.38%
Any 10 (26.72t0  99.3% (11.58t0  99.9% 331 (28410 54 5,
3.85)
77.87(2/0) 54.53‘2/0) (
23.84% (5.02 . 11.28% (7.67 . 2.46 (0.39 to ;
STEMI 2 t0 64.0706)  0-0% 016.3006) 0% 15.46)  0-0%
62.38% 45.60%
NSTEMI 1 (59.64 to i (44.68 to i 1'982%37)5 o
65.04%) 46.53%) '
Duration of 0.0798 0.0974 0.5363
follow up
32.80% .
2 years or less 6 (17.65 to 87.4% 1?67334/%2/'0?;3 99.1% 2'933(56?;3 to 40.8%
52.66%) ' '
62.21% 37.65%
Mecgritha” 2 7 (26.75t0  99.4% (12.54t0  100.0% 2'653(%'80 0 8500
y 88.13%) 71.77%) '

ES — Effect size, OR — Odds ratio, Cl — Confidence interval, Ml — Myocardial infarction, STEMI — ST-elevation MI, NSTEMI — Non
ST-elevation MI

aPredominantly Asian included all Asian race/ethnicity

bSouth Asia was not included in the analysis due to a lack of data.

‘Lower middle-income group was not included in the analysis due to a lack of data.

Bolded values indicate p-value of <0.05 and it is taken as statistical significance.
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Table 3. Secondary study outcomes and medications following myocardial infarction

Comparison of underweight

Normal weight against normal weight

Underweight

Studies  ES (95% CI) 12 ES (95% Cl) 12 OR (95% Cl) 2 p-value
Secondary
outcomes
Cardiac 18.71% (11.42 to 8.41% (4.51to 2.70 (1.86 to
g 5 20.13%) 72.2% 161550 94.4% 202, 57.3%  0.0018
In-hospital 10.07% (9.73 to 0 6.85% (4.26 to 0 1.91(1.84to 0 9
mortality 8 10.42%) 58.4% 10.84%) 97.0% 1.99) 0.0%  2x10
. 2.68% (0.27 to . 3.28%(0.62to . 0.97(0.76t0 .
Any reinfarct 4 21.78%) 90.9% 15.58%) 98.6% 1.22) 0.0%  0.6627
Nonfatal 4.96% (1.46 to . 5.48%(191to . 0.88(0.4110 .
reinfarct 4 15.53%) 72.5% 14.73%) 96.6% 1.88) 0.0%  0.6279
Cerebrovascular 3.55% (2.88 to 1.38% (0.55 to 1.24 (0.98 to
oo 4 1 359%) 13.2% 5 439 95.6% 1’56 27.0%  0.0627
Cardiogenic 6.97% (4.89 to 5.53% (3.44 to 1.11 (1.02to
e 3 08500 91.0% b 759%) 98.2% 150 54.1%  0.0364
Medications
g 91.12% (63.64 to . 94.47% (75.98 to . 0.66(0.62t0 . .
Aspirin 6 98.37%) 99.3% 98.93%) 99.9% 0.71) 7.5% 2x10
) 0,
Clopidogrel 5 58'3956%?,53 © 956% 57'0975%8%3;9 0 99.9% 0'820_(857)0 © 3570 0.0186
0, 0,
Beta blockers 9 o548% ﬁ;;;m © goew O ;?&)23 0 99 9% 0'760_(85;8 © 9120 0.0485
0, 0,
ACEi/ARB 5 55'62%3(;;)69 © 89.6% 759;&2%” 0 9g.6% 0'850_(897)3 © 270% 0.0444
0, 0,
Statins 6 67'82 fgg;;)“ 610 9550 80'681/‘.’8(5&)7 S0 99104 0'510.(269)’9 ©  150% 0.0012
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i 0 0,
Glycoprotein 3 38.84% (13.13 to 86.3% 45.80% (27.23 to 97 8% 0.64 (0.48 to

0,
[Ib/1lla inhibitors 72.73%) 65.61%) 0.85) 22.6% 0.0205

ES — Effect size, OR — Odds ratio, Cl — Confidence interval, ARB — Angiotensin receptor blocker, ACEi — Angiotensin-converting
enzyme inhibitor
Bolded values indicate p-value of <0.05 and it is taken as statistical significance.
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Table 3. Secondary study outcomes and medications following myocardial infarction

Comparison of underweight

Normal weight against normal weight

Underweight

Studies  ES (95% CI) 12 ES (95% Cl) 12 OR (95% Cl) 2 p-value
Secondary
outcomes
Cardiac 18.71% (11.42 to 8.41% (4.51to 2.70 (1.86 to
g 5 20.13%) 72.2% 161550 94.4% 202, 57.3%  0.0018
In-hospital 10.07% (9.73 to 0 6.85% (4.26 to 0 1.91(1.84to 0 9
mortality 8 10.42%) 58.4% 10.84%) 97.0% 1.99) 0.0%  2x10
. 2.68% (0.27 to . 3.28%(0.62to . 0.97(0.76t0 .
Any reinfarct 4 21.78%) 90.9% 15.58%) 98.6% 1.22) 0.0%  0.6627
Nonfatal 4.96% (1.46 to . 5.48%(191to . 0.88(0.4110 .
reinfarct 4 15.53%) 72.5% 14.73%) 96.6% 1.88) 0.0%  0.6279
Cerebrovascular 3.55% (2.88 to 1.38% (0.55 to 1.24 (0.98 to
oo 4 1 359%) 13.2% 5 439 95.6% 1’56 27.0%  0.0627
Cardiogenic 6.97% (4.89 to 5.53% (3.44 to 1.11 (1.02to
e 3 08500 91.0% b 759%) 98.2% 150 54.1%  0.0364
Medications
g 91.12% (63.64 to . 94.47% (75.98 to . 0.66(0.62t0 . .
Aspirin 6 98.37%) 99.3% 98.93%) 99.9% 0.71) 7.5% 2x10
) 0,
Clopidogrel 5 58'3956%?%3;3 © 956% 57'0975%8%3;9 0 99.9% 0'820_(857)0 © 3570 0.0186
0, 0,
Beta blockers 9 o548% ﬁ;;;m © goew O 4(5’;)‘)23 0 99 9% 0'760_(85;8 © 9120 0.0485
0, 0,
ACEi/ARB 5 5562%3;;;” © 89.6% 75'9%8(2&)10 0 9g.6% 0'850_(897)3 © 270% 0.0444
0, 0,
Statins 6 67'82 fgg;;)“ 610 9550 8068%?&)7 S0 99104 0'510_(((3)69)’9 ©  150% 0.0012
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i 0 0,
Glycoprotein 3 38.84% (13.13 to 86.3% 45.80% (27.23 to 97 8% 0.64 (0.48 to

0,
[Ib/1lla inhibitors 72.73%) 65.61%) 0.85) 22.6% 0.0205

ES — Effect size, OR — Odds ratio, Cl — Confidence interval, ARB — Angiotensin receptor blocker, ACEi — Angiotensin-converting
enzyme inhibitor
Bolded values indicate p-value of <0.05 and it is taken as statistical significance.
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Compared to normal weight patients, underweight patients:

Baseline
Characteristics.
Lower rates of:

Dyslipidemia
Underweight: 27.9%
Normal weight: 39.0%
p<0.0001

Diabetes mellitus
Underweight: 17.8%
Normal weight: 25.9%
p<0.0001

Hypertension

|5 Underweight: 52.6%
Normal weight: 56.2%
p<0.0001

Prescribed fewer:

Statins
(OR: 0.51,CI: 0.39-0.66, p=0.0012)

Aspirin
(OR: 0.66, Cl: 0.62 - 0.71, p<0.0001)

Glycoprotein llb/llla inhibitors
(OR: 0.64, Cl: 0.48 - 0.85, p=0.0205)

Beta-blockers
(OR: 0.76, Cl: 0.58 - 0.99, p=0.0485)

Clopidogrel
(OR: 0.82,ClI: 0.70 - 0.95, p=0.0186)

ACE-inhibitors/ARBs
(OR: 0.85,Cl: 0.73 - 0.99, p=0.0444)

Outcomes.
Increased rates of:;

All-cause mortality
(HR: 1.66, Cl: 1.44 - 1.92, p<0.0001)

In-hospital mortality

o
|===1' (OR: 1.91, CI: 1.84 - 1.99,p<0.0001)

4

Cardiac mortality
(OR:2.70, Cl: 1.86 - 3.92, p=0.0018)

Cardiogenic shock
(OR: 1.11,ClI: 1.02 - 1.20, p=0.0364)

e

@

Predominantly Asian cohorts
(OR: 3.56, Cl: 2.74 - 4.62, p=0.0062)

. Predominantly Caucasian cohorts
(OR: 2.36, Cl: 1.80 - 3.09, p=0.0062)
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Figure 1

Comparisons

Underweight vs Normal Weight
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Odds Ratio [95% ClI]

Outcomes

All-cause mortality
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