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Background: Cardiovascular disease (CVD) and stroke are leading causes of death. It has several risk
factors, including stress and pressure. Stock volatility can cause acute stress for stockholders so that it can
cause CVD events. Recently, the spread of new coronaviruses worldwide has affected economic development
greatly, leading to more severe stock market fluctuations, so we systematically quantify the short-term effect
of stock volatility and CVD events.

Methods: Time-series analysis on the effect of stock volatility and cardiovascular events were concluded.
We conducted a systematic literature search for studies published in PubMed, Embase, and Cochrane
Data up to the date February 9, 2020. We assessed publication bias using Egger’s test. Overall analysis and
sensitivity analysis were conducted separately.

Results: Four studies were finally included. Every 100-point increase in the stock market will bring about
1.01% increases in cardiovascular mortality [95% confidence intervals (CI), -0.18% to 2.21%]. The meta-
analysis showed no statistical significance for cardiovascular mortality. Every 100-point increase in the stock
market brought 1.01% increases in the cardiovascular mortality [95% CI, -0.18% to 2.21%]. In terms of
stroke events, the estimated effect was 2.999% (95% CI, 0.325% to 5.673%). Different lag patterns also have
effects on cardiovascular mortality. Every 100-point increase brought about 4.026% (95% CI, 1.516% to
6.536%) and 4.424% (95% CI, 1.145% to 7.703%) for lag 01 and 04 separately.

Conclusions: Though our study has a number of limitations due to the limited studies included, it
suggested that stock volatility had a lagging effect on CVD mortality, which may last for several days. Also, it

might increase the incidence of stroke.
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Introduction world (1). With population growth and aging, various CVD

Cardiovascular disease (CVD) and stroke are leading causes de.a‘fhs had an in.cr.ease of 41% from 1?99 to 2013 (12.3
of death. According to the American Heart Association, million to 17.3 million) (2). From the statistics performed by
CVD accounted for an estimated 31.5% [95% confidence WHO, the global cost of CVD was estimated at the US $863

intervals (CI), 30.3-32.9%] of all global deaths in 2013 in the billion (3). Except for the well-established traditional risk
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factors, psychosocial factors and emotional stressors could
also harm cardiovascular health (4). So, it is easily understood
that a considerable fluctuation in the stock market and
financial difficulties may bring substantial psychosocial
stresses. Previously, stock volatility had been suggested as
a potential risk factor of coronary heart disease (CHD) (5).
Because it could cause acute stress, stock volatility could
adversely affect CVD. Moreover, the recent spread of new
coronaviruses worldwide has affected economic development,
which has led to more severe stock market fluctuations.

Few studies paid attention to the impact of unprecedented
growth and collapse in the stock market on the health
effect (5). Both linear and non-linear relationships have
been reported. The non-linear relationship suggested that
for many fluctuations, the mortality rate stayed low, below
or above which the health outcome increased. However, not
all the studies discovered a positive relationship. Therefore,
we conducted a systematic meta-analysis to investigate
the association between stock volatility and the risk of
cardiovascular mortality. We present the following article in
accordance with the PRISMA reporting checklist (available
at http://dx.doi.org/10.21037/atm-20-6557).

Methods
Search strategy and study criteria

We conducted a systematic literature search for studies
published in PubMed, Embase, and Cochrane Data up to
the date February 9, 2020. Keywords related to exposure
(stocks and volatility) and outcome (CVD, mortality)
were used. Mesh methods were used to ensure accuracy.
For example, the search strategy for PubMed was (“stock
volatility”[Mesh] AND “mortality”[Mesh]). We also
retrieved studies from the references in case that the first
search did not capture studies.

We included time-series studies that reported
cardiovascular mortality and all-cause mortality, and
other morbidities in response to stock market volatility.
Commentaries, summaries, reviews, case reports, case series,
editorials, letters were excluded. In the case of the missing
data—without relative risk (RR) or odds ratio (OR), we
contacted the authors for other information. If no further
information were achieved, the study would be excluded.

Study choice

All titles and abstracts were merged into Endnote, and
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duplicates were searched and removed. Then we screened
all abstracts and titles separately (H.L. and X.D.) to remove
the irrelevant citations. Full texts of the potentially eligible
studies were read for inclusion. The two reviewers then
compared the results. If different opinions appeared, the
first step was to discuss them to reach a consensus. If no
agreement were reached after discussion, arbitration was
sought from a third reviewer (X.W.). The third reviewer
decides whether to delete the article based on whether the
structure of the article meets the requirements of meta
analysis and whether the effect value can be applied or
applied after transformation.

Quality assessment

According to the Cochrane Handbook (6), and other
related studies and articles (7,8), we evaluated the study
quality from the following aspects: study design, sample
size, statistical analysis methods, stock market, adjusted
confounders including meteorological factors, air pollutants,
long-term trends, day of the week, and technique of disease
diagnosis.

Data extraction and publication bias

Authors (H.L. and X.D.) conducted data extraction
independently. After the discussion, we decided to use a
standardized checklist to extract data from the selected
studies. The items that we collected were: title, author(s),
year of publication, location and period, outcome, published
journal, study design, statistical analysis model, number of
events, variables controlled for, lag patterns, and effective
value. If there were any missing information, we contacted
the author. The effect value could be expressed in OR,
RR and percent change. The expression of stock volatility
differed in the studies. Some used the percent change;
others used 100-point change. Both were extracted. All the
effective estimates including mortality and lag patterns.
When data extraction was finished, we compared and cross-
checked the extracted data; Prof. Wang decided conflicts.
We assessed publication bias using Egger’s test.

Statistical analysis

The statistical analysis included two stages. In the first
stage, we unified the independent variables into 1-percent
change and 100-point change. We converted all effect
estimates into RRs and got the percent change. In the
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A total of 79 articles were identified
through the literature search

50 were excluded after
reviewing titles

v 21 were excluded after
screening abstract

\ 4

8 potential articles left for full text
screening

2 was excluded for not
getting full text

2 was excluded without
\4 an RR/OR

| 4 fulfilled the inclusion criteria |

\ 4

All the data we need
were extracted

\ 4

\ 4

| 4 were included in the meta-analysis |

Figure 1 Flow of information through the distinct phases of a

systematic review.

second stage, a meta-analysis was used to pool the estimates
of percent change from all the included cities. The analyses
were conducted when the number of the study was no
less than two. The primary endpoints we focused on were
cardiovascular mortality. As we pooled the city-specific
estimates, if a city had no pooled result, we pooled the
subgroup effect estimates before the final total analysis. In
a few analyses, different studies conducted in the same city,
but focus on different diseases. Faced with this problem,
we pooled the disease-specific effect estimates first. Then
we pooled city-specific estimates as a result. Several studies
supplied different lag patterns of exposure to estimate the
delayed effect, including single-day lag and cumulative lag.
We conducted the pooled lag-patterns as the sensitivity
analysis to assess certain in the outcome. The I’ statistic
was calculated to evaluate the city-specific estimates. Meta-
analyses were fitted using a random effects model if I'’>25%.
Otherwise, we chose the fixed effects model.

All the analyses were conducted by Excel and Stata 16.0
(Stata Corp., College Station, Texas, USA).

Results

Finally, 79 articles were included in the initial search
(Figure 1). After reviewing titles and abstracts, 71 were
excluded because they were unqualified for the inclusion
criteria. Of the remaining eight articles, two were
abandoned for no full-text articles (9,10). Two were
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excluded for only finding a positive relationship without an
RR/OR (11,12). After reviewing the full-text articles, all the
remaining four studies were included in the final analysis.

The characteristics of the included articles are listed
in Table 1. Four articles included four places. These were
Shanghai (5,13), Guangdong, Taishan (14) in China, and
Singapore (15) in northeast Asia. Study periods varied from
2 to 12 years. Those were possible causes of heterogeneity
among study results. All the studies were time-series
designed. All the studies used a generalized linear model
(GLM), and one study applied a distributed lag non-linear
model (DLNM) (14). Shanghai Stock Exchange (5,13),
Shenzhen Stock Exchange (14), and Singapore Stock
Exchange (15) were used separately. Two ways were used
to calculate the stock market changes, absolute changes
and relative changes. The studies explored different
outcomes, including cardiovascular mortality (including
stroke), admission for heart failure, stroke, and myocardial
infarction. Three of them explored different lag patterns.
No obvious publication bias was found after Egger’s test
(P=0.273).

The meta-analysis showed no statistical significance
between stock fluctuation and cardiovascular mortality.
Every 100-point increase in the stock market will bring
about a 1.01% increase in cardiovascular mortality (95%
CI, -0.18% to 2.21%) (Figure 2). In terms of stroke events,
the estimated effect would be 2.999% (95% CI, 0.325% to
5.673%) (Figure 3).

Different lag patterns also affect cardiovascular mortality.
In the cumulative lag study, we found both lag01 (the
moving average for the past 48 hours) and lag04 (the
moving average for the past 120 hours) have a significant
effect. For lag01, every 100-point increase will bring
about 4.026% (95% CI, 1.516% to 6.536%) increases
in cardiovascular mortality. For lag04, every 100-point
increase will bring about 4.424% (95% CI, 1.145% to
7.703%) increases in cardiovascular mortality. In a single-
day lag pattern, we found statistically significant differences
in lagl and lag3 (able 2).

The overall results are consistent with the sensitivity
analysis, indicating that the results are accurate.

Discussion

To our best knowledge, this study is the first one ever
to investigate the relationship between stock volatility
and cardiovascular mortality. We concluded that stock
fluctuation has a significant and positive relationship with
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) Lags
Auth Locat d
uthors Outcomes Published oc.:a fonan Study No. Variables (single/
and year of ) . . period of data ) Model
o investigated journal . design events controlled average/
publication obtained
both)
Ma et al., CHD mortality =~ European Heart  China, Time- Over- 22,272 Long-term Both
2011 Journal Shanghai, series dispersed and seasonal
2006-2008 generalized trends,
linear Poisson temperature,
models relative
humidity,
PM10, and O3
concentrations
Yap et al., Overall International Singapore, Time- Generalized Na Air pollutant NA
2016 mortality, Journal of 2001-2012 series linear model levels
cardiovascular  Cardiology
mortality,
incident Ml,
stroke, HF
Zhang Stroke deaths Journal of Nine urban Time- Generalized 29,566 Air pollutant Both
etal.,, 2013 Cardiovascular districts of series linear model levels, day
Medicine Shanghai, of the week,
2006-2008 temperature,
humidity
Linetal., Cardiovascular  PLoS One Taishan and Time- Generalized 41,085 Public Both
2013 mortality Guangzhou, series linear holidays, day
2006-2010 model and of the week,
distributed temperature,
lag non-linear humidity, air
model pollutant levels
Study PC (95% CI) Weight
Taishan T 0.88(-0.63, 2.50) 36.23
Guangzhou —e 0.25(-1.13, 1.63) 42.10
Shanghai ——'—0_ 1.98(-0.72, 4.68) 16.26
Singapore * 5.00(0.00, 10.00) 5.40

Overall (I-squared=26%, p=0.256) ‘<> 1.01(-0.18, 2.21) 100.00

NOTE: Weights are from random cffects analysis

-10 0 10

Figure 2 Forrest plots: relationship between stock volatility and cardiovascular mortality. The result from Shanghai is the pooled estimates

from 2 studies.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2020;8(20):1317 | http://dx.doi.org/10.21037/atm-20-6557



Annals of Translational Medicine, Vol 8, No 20 October 2020 Page 5 of 8
Study PC (95% CI) Weight
Yap at al, 2016 (Singapulc; 00 \-I0.00, ]0.00) 7.15
Zhang at al, 2013 (Shanghai) ———  3.23(0.45,6.00)  92.85
Overal (I-squared=0.0%, p=0.542) 3.00 (0.33, 5.67) 100.00
-10 0 10
Figure 3 Forrest plots: relationship between stock volatility and stroke events.
Table 2 Relationship between stock volatility and cardiovascular disease mortality: Lag patterns
Subtypes Lag 01 Lag 04 Lag 1 Lag 2 Lag 3 Lag 4
Number of estimated articles 2 2 2 2 2 2
Effect size, % (95% ClI) 4.026 4.424 2.425 0.061 3.775 1.018
(1.516 10 6.536) (1.145t07.703) (0.11to 4.74) (=2.726102.848) (1.018t06.532) (~1.823 to 3.859)
Heterogeneity, I°, % 0 0 77.2 16 0 0
Model Fixed Fixed Random Fixed Fixed Fixed

cardiovascular mortality, especially cumulative change.
The stroke event could also be influenced. There are
no publication biases; therefore, the conclusion is
dependable.

With the booming economy in the early 2000s, many
individuals began to invest in the stock market worldwide.
According to China Securities Depository and Clearing
Corporation Statistical Yearbook 2018, the number of
stock trading accounts jumped from 8.4 million in 1993 to
146.5 million in 2018, a 15-fold increase in 25 years
(http://www.chinaclear.cn/zdjs/tjnb/center_datalist.
shtml). After 2007, an exceptional year in the stock market,
China attracted many new investors. Unfortunately,
several investors were inexperienced and with unrealistic
expectations. Moreover, many of them were elderly who
had time to watch the real-time performance of the stock
market in the Stock Exchange Hall (14). The sharp change
in the stock market will bring emotional or physical stress.

In our study, a positive relationship was found between
stock volatility and stroke events. According to the global
burden of disease held in 2017, stroke was listed as the
second leading cause of death and disability around the
world (15). In 2017, there were 11.9 million incidences
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and 104.2 million prevalence. The unrealistic individual
investors with high expectations could not adapt to the
dramatic changes in the stock market, depression and stress
would also push them to stroke (16,17). As the number
of studies is small, we cannot conduct sensitivity analysis.
However, earlier studies concluded that the stock index had
more substantial effects on the male and elderly population,
especially for those over the age of 65 (18). A loss impacted
larger than a rise. This result is reasonable because, first,
age itself is a risk factor for stroke.

Moreover, the elderly have more chronic diseases than
younger ones. If stock volatility does have significant
influences on stroke events, the elderly are most affected.
Second, the elderly are always retired and have no income.
If the stock market performs poorly, they may get more
stress and depression, increasing the incidence of stroke (19).
In terms of gender, it has been shown that daily change
effects are significant only for males. The potential reason
is men traded 45% more than women (12). Moreover,
estrogen plays an essential part in the vasoconstriction in
both superficial and deep arteries, protecting females from
CVDs (20).

In our study, we concluded that both single and
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cumulate lag patterns affect CVD mortality. In terms
of the effect value, lag04 has more effect than lag01 in
the cumulative lag pattern. That is to say, the 120-hour
moving average of stock market fluctuations influenced
more than the 48-hour moving average. The timing of
evaluating cardiovascular events after the stressor might
be significant, and varying results have been observed.
For example, one of the researchers concluded that a
10-day lag pattern had a stronger correlation with
increased cardiovascular mortality (12). Earlier studies
have shown different lag patterns for different stress-
related mortality and morbidity (21). Also, the short-term
effect of the Northridge earthquake lasted for six days. The
Los Angeles Northridge earthquake limited the duration of
increased cardiovascular deaths to a few days (22). However,
it influenced the Hanshin-Awaji earthquake, and the Athens
earthquake persisted for 1 month (23,24). Moreover,
research on cardiovascular hospital admissions after the
September 11 attacks showed no difference in 1 week
after the attacks (25,26). As different events have different
lag patterns, more studies are needed to understand
the structure of the stock market volatility further on
cardiovascular health.

It has been estimated that psychological stress could
sharply increase cardiovascular mortality and recurrent
ongoing major cardiovascular events, including acute
myocardial infarction (AMI) and stroke (16,27). For
example, after the US 911 terrorist attack, the CVD
incidence rate increased by 53% and lasted for about
3 years (28). The same phenomenon could be observed
after the Wenchuan earthquake in China, 2008 (29). The
stock market all over the world underwent unprecedented
fluctuations in recent years, which might lead to stress.
Stress contributes not only to the acute triggering of
cardiac events but also to the long-term development of
CHD. Mechanisms, including sympathetic nervous system
activation and increased abdominal fat deposition, account
for it (30). Sharp fluctuation might also lead to depression,
which has been listed as one of the high-risk factors for
CVDs (31,32).

We found that heterogeneity exists in our study.
Heterogeneity came from inherent differences between
the studies, as well as their design and statistical analysis.
Except for the study areas and population, the outcome that
we focused on might play a key role. Different regions had
different economic characteristics; thus, the impact of stock
varied. Other factors, including the study period, might take
part as well. Heterogeneity can also appear when research
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results depend not solely on the quality of the research
but also the hypothesis evaluated, and the significance and
direction of effects detected (33).

Notable points in this work must be considered. First,
even if we took all the published work into our analysis,
various studies and places stopped us from further analysis.
Many of our sensitivity analysis only includes two articles
for many studies, which may not reflect the conditions of
the whole population; we just want to get a trend out of this
study and guide future research. Furthermore, more work
should be conducted to confirm the susceptibility of the
population. Second, some studies offer effect estimates not
only from the absolute change of the stock market but also
from the bidirectional change. They held the opinion that a
rise in the stock market has a different effect on health than
a fall. We do not consider the latter one because the design
and statistical analysis vary widely. As the number of studies
increases, a meta-analysis on bidirectional change may be
conducted. Third, the limited number of published works
also stopped us from further testing the publication bias,
which came from the tendency on the parts of investigators,
reviewers, and editors to submit or accept manuscripts
for publication with the direction or strength of the study
findings (34). As more studies appear, a new meta-analysis
will solve the problem. Last, potential confounding factors
such as influenza should be considered in the included
articles because it may have a great impact on economic
development. Thus, more research is needed.

Our study supplied further evidence that stock volatility
might increase CVD mortality in Shanghai, China.
Shanghai is the economic center of China. The number
of investors in Shanghai is ten times the national average
(http://www.chinaclear.cn/zdjs/tjnb/center_datalist.shtml).
More attention to the stock market causes more stress and
mood changes, which lead to changes in the number of
illnesses. That may amplify the estimated effect. Further
studies should be taken in other places in China and other
parts of the world.

Conclusions

Our study suggested that changes in the stock market
have a lag effect on CVD mortality. It may last for several
days. Also, it may increase the incidence of stroke events.
Although a limited number of articles stopped us from
further analysis, we want to remind investors to invest
cautiously to avoid cardiovascular events caused by stress
and pressure.
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