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 Background: This study aimed to assess the association between left-behind status and the prognosis of ST-elevation myo-
cardial infarction (STEMI).

 Material/Methods: A total of 1 015 patients with STEMI patients from 4 tertiary medical centers in southwest China were enrolled 
and categorized into left-behind and not-left-behind groups. The primary endpoints were major adverse car-
diovascular and cerebrovascular events (MACCEs), which were assessed with Kaplan-Meier curves. Multivariate 
Cox regression analyses were used to explore the predictive value of left-behind status for MACCEs.

 Results: Patients in the left-behind group were older than those in the not-left-behind group (70 vs. 65 years, P<0.001). 
The patients in the left-behind group had a lower incidence of history of coronary heart disease and diabe-
tes mellitus than those in the not-left-behind group. Meanwhile, the left-behind group had higher levels of al-
anine aminotransferase (42 vs. 31, P<0.001), low-density lipoprotein cholesterol concentration (2.64 vs. 2.62, 
P=0.001) and cardiac troponin I (5.11 vs. 2.84, P=0.001) than the not-left-behind group. During the 18-month 
follow-up, the left-behind group experienced a higher rate of adverse events than the not-left-behind group 
(123/26.2% vs. 81/14.8%, P<0.001). After multivariate adjustment, the left-behind group also had a 1.778-fold 
(95% CI: 1.241–2.547, P=0.002) higher risk of experiencing MACCEs than the not-left-behind group.

 Conclusions: Left-behind status is an independent predictor of STEMI prognosis.
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Background

With an increasing elderly population in China, ST-elevation 
myocardial infarction (STEMI) has become a major public 
health issue due to its high morbidity and mortality rates. Post-
hospitalization care, including physical and psychological care, 
is important for STEMI patients. In East and Southeast Asia, 
elderly patients are mostly cared for by their children [1] be-
cause of a fundamental and traditional belief that family is the 
major source of financial support, love, and care for its elderly 
members. This belief emphasizes a son’s duty to respect and 
support his parents [2]. However, with recent industrialization 
and urbanization in China, the younger generation has migrat-
ed to the country’s cities and eastern regions in search of bet-
ter employment opportunities and salaries, leaving their aging 
parents behind. By the end of 2016 in China, the total popu-
lation of elderly individuals was 230 million, of which 51.1% 
had been left behind [3].

Because of the increasing popularity of leaving the elderly be-
hind, more researchers are now focusing on this special popu-
lation [4,5]. It is clear that those left behind suffer from poor-
er mental and physical health outcomes, such as depression, 
anxiety, and cognitive impairment [6]. Almost all of the existing 
research is focused on describing the mental health of these 
individuals [4–6]. Very little evidence is available on the rela-
tionship between left-behind status and the prognosis of spe-
cial chronic diseases [7], especially that of myocardial infarc-
tion, which has increasingly gained importance as a serious 
health condition. Heart disease is a leading cause of death in 
China, with 700 000 new cases of acute myocardial infarction 
reported each year [8]. Therefore, in this study, we explored 
the relationship between the left-behind status of patients 
with STEMI and the prognosis of acute myocardial infarction.

Material and Methods

Approximately 1 628 STEMI patients who received percuta-
neous coronary intervention at 4 tertiary medical centers in 
southwest China from January 2013 to January 2015 were 
retrospectively enrolled. Of these, 389 patients were ineligi-
ble and were excluded from the study; the ineligibility crite-
ria included death in the hospital, absence of accurate contact 
information, childlessness, and solitary living. An additional 
224 patients were lost to follow-up. Therefore, 1 015 patients 
were available for further screening. These patients were di-
vided into 2 groups: the left-behind group (n=468) and the 
not-left-behind group (n=547). Left-behind status was defined 
as having adult children who remained absent for more than 
6 months per year [7].

We collected information on clinical events through telephone 
follow-up every 12 months and from in-hospital and outpa-
tient medical records. The last follow-up was conducted in 
January 2019. If a patient was unable or unwilling to attend 
the scheduled interview, information was gathered through a 
phone conversation between the study physicians and the pa-
tients’ relatives. Baseline data including sex, age, medical his-
tory, smoking status, blood glucose level, HbA1c level, echo-
cardiography and coronary angiography findings, and cardiac 
function classification were collected.

The primary endpoints were major adverse cardiovascular and 
cerebrovascular events (MACCE), including all-cause and car-
diovascular mortality, nonfatal myocardial infarction, urgent 
revascularization, and ischemic stroke.

This study was performed in accordance with institutional eth-
ical standards and was approved by the ethical committee of 
the Yongchuan Hospital of Chongqing Medical University. The 
need to obtain informed consent was waived owing to the ret-
rospective design of the study. The investigations were car-
ried out following the principles of the Declaration of Helsinki.

All statistical analyses were conducted using SPSS software 
version 20.0 (SPSS Inc, Chicago, IL, USA). Continuous, normally 
distributed variables were presented as means and standard 
deviations and were compared between the 2 groups using t 
tests. Variables that were not normally distributed were rep-
resented as medians with interquartile ranges and were com-
pared using the Mann-Whitney U test. Categorical variables 
were expressed as numbers and percentages (%) and com-
pared using the chi-square test. Cumulative clinical endpoints 
were assessed using Kaplan-Meier curves with post hoc com-
parisons performed using log-rank tests. Univariate regres-
sion analysis was performed first. Then, multivariate Cox pro-
portional hazards regression models were used to explore the 
predictive value of the left-behind status for MACCEs. P values 
less than 0.05 were considered to be statistically significant.

Results

Of the 1 015 patients included, 46.1% were left-behind, con-
stituting the left-behind group. These individuals were older 
than those in the not-left-behind group (70 vs. 65 years, re-
spectively, P<0.001). Furthermore, compared to the not-left-
behind group, the left-behind group had a lower incidence 
of history of coronary heart disease (9.8% vs. 18.3%, respec-
tively, P<0.001) and diabetes (15.4% vs. 20.8%, respectively, 
P=0.025). However, the left-behind group had a higher average 
white blood cell (WBC) count (10.1 vs. 9.1, P<0.001), higher al-
anine aminotransferase (ALT) level (42 vs. 31, P<0.001), higher 
aspartate aminotransferase (AST) level (187 vs. 57, P<0.001), 
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higher low-density lipoprotein cholesterol (LDL-C) concentra-
tion (2.64 vs. 2.62, P=0.001), and higher cardiac troponin I (cTn 
I) level (5.11 vs. 2.84, P=0.001) than the not-left-behind group.

Conversely, patients in the left-behind group had lower plate-
let counts and NT-proBNP levels than those in the not-left-be-
hind group (82 vs. 199, P<0.001; and 1 259 vs. 1 733, P<0.001, 
respectively). No statistically significant differences were ob-
served in the renal function, Killip classification, SYNTAX score, 
and complete revascularization status between the 2 groups 
(Table 1).

During the median follow-up at 18 months, 204 MACCEs were 
observed: 123 (26.2%) in the left-behind group and 81 (14.8%) 
in the not-left-behind group. Kaplan-Meier curves for primary 
outcomes are shown in the Figure 1 (log-rank test P<0.001). 
The Cox proportional hazards model was used to examine the 
prognosis of the left-behind patients.

After adjusting for age, smoking, history of coronary artery dis-
ease, hypertension, stroke, and ALT and AST levels, the left-be-
hind group was at a higher risk of experiencing primary out-
comes than the not-left-behind group (hazard ratio (HR): 1.778, 
95% confidence interval: 1.241–2.547, P=0.002). Additionally, 
age and ALT levels were independent risk factors of the pri-
mary outcomes (Table 2).

Discussion

In this study, we demonstrated that left-behind status was as-
sociated with adverse cardiovascular outcomes in STEMI pa-
tients. This is a new indicator, independent of the traditional 
risk factors such as age, left ventricular ejection fraction, cTn 
I level, and physical inactivity. To the best of our knowledge, 
this is the first study to identify the connection between the 
prognosis of STEMI and left-behind status.

With unbalanced economic development and accelerated ur-
banization in China over the past 3 decades, the number of 
left-behind elderly is rapidly rising. In our study, 46.1% of the 
study subjects were left-behind individuals, a Figure1  that is 
in line with the statistics (51.1%) reported in the literature [3]. 
Although leaving elderly parents behind is a common phenom-
enon, most of the research on left-behind parents is conducted 
in emerging Asian countries, where multiple generations of a 
family often live in the same household [9–11]. In these coun-
tries, child migration creates the “left-behind” phenomenon; 
in contrast, in the American and European cultures, children 
are expected to leave their parents after reaching adulthood.

Being left-behind means older parents receive better finan-
cial support from their children [12] and engage in increased 

physical activity [13], such as agricultural and domestic work, 
which may in turn benefit their health [13]. Improved finan-
cial support is crucial for elderly left-behind individuals in the 
absence of a mature social protection system comprised of 
pensions and accessible and affordable health care, especial-
ly in rural areas [14]. This theory is consistent with our present 
study in which we found that the prevalence of diabetes mel-
litus and cardiovascular diseases was lower in the left-behind 
group than in the not-left-behind group. However, researchers 
have found that left-behind status is significantly associated 
with mental and physical diseases [9–11]. In rural China, the 
migration of sons increases the risk of stomach and other di-
gestive diseases by a factor of 1.29 [7]. Furthermore, the left-
behind elderly parents experience higher degrees of loneliness, 
depressive symptoms, and cognitive impairment. Magnetic res-
onance imaging showed that the left-behind elderly parents 
have a higher progression of structural brain changes (white 
matter lesions) than the not-left-behind elderly parents [15]. 
Approximately 10.9% to 43.6% of the left-behind elderly par-
ents in the rural areas of China suffer from moderate to se-
rious loneliness [16], while in Europe, the prevalence of de-
pression in community-dwelling populations above 65 years 
of age is approximately 12.3% [17]. These mental health prob-
lems may lead to a higher risk of endocrine disorders and im-
mune dysfunction in the left-behind group, which could fur-
ther cause various diseases, such as cancer [18].

In the present study, we found that left-behind patients with 
STEMI experienced worse clinical events than patients with 
STEMI who were not left behind. There are several explana-
tions for this. First, the left-behind group had more severe car-
diac conditions, which may be attributed to their older age and 
higher cTn I and LDL-C levels. Previous studies revealed that 
left-behind elderly parents with migrant children are less likely 
to receive health care and be taken to the hospital than those 
who live with their children [3,19]. This may lead to an increase 
in the perfusion time when myocardial infarction occurs [20]. 
Patients with more severe cardiac conditions and higher ages 
are more likely to have poor medication compliance, which is 
an important secondary preventive measure to reduce the risk 
of recurrent events for cardiovascular disease [21].

Second, left-behind individuals have poorer mental health, 
which is the most important factor influencing their quali-
ty of life [5, 22]. Though our research excluded patients who 
lived alone, the included patients may have experienced lone-
liness even while living with their spouses. It was found that 
33% of married women and 45% of married men feel lone-
ly while living with their spouse or others [23]. Furthermore, 
left-behind elderly women who experienced loneliness have 
a 2.9 times greater risk of all-cause mortality in STEMI than 
those who did not feel lonely, while the left-behind men have 
2.1 times greater risk [24].
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Variable Total (n=1 015) Not left behind (n=547) Left behind (n=468) P value

Age (years)  67 (58, 75)  65 (55, 74)  70 (61, 76) <0.001

Sex, n (%)

 Female  288 (28.4)  163 (29.8)  125 (26.7)
0.276

 Male  727 (71.6)  384 (70.2)  343 (73.3)

Smoking, n (%)  633 (62.4)  344 (62.9)  289 (61.8) 0.710

History, n (%)

 CAD  146 (14.4)  100 (18.3)  46 (9.8) <0.001

 Hypertension  477 (47.0)  256 (46.8)  221 (47.2) 0.893

 Diabetes  186 (18.3)  114 (20.8)  72 (15.4) 0.025

 Heart failure  12 (1.2)  8 (1.5)  4 (0.9) 0.372

 Stroke  81 (8.0)  44 (8.0)  37 (7.9) 0.936

 Dyslipidemia  11 (1.1)  6 (1.1)  5 (1.1) 0.965

Stay in hospital-days  9 (7, 13)  9 (7, 13)  9 (7, 13) 0.647

Killip class, n (%)

 I~II  832 (82.0)  449 (82.1)  383 (81.8)
0.919

 III~IV  183 (18.0)  98 (17.9)  85 (18.2)

Blood routine tests

 WBC  9.6 (7.5, 12.3)  9.1 (7.2, 11.7)  10.1 (7.9, 12.6) <0.001

 Hb  134 (121, 145)  134 (121, 146)  134 (121, 145) 0.521

 PLT  189 (153, 237)  199 (162, 244)  182 (143, 229.5) <0.001

Liver function

 AST  89 (36, 215)  57 (31, 113)  187 (70.25, 327.25) <0.001

 ALT  35 (22, 58)  31 (20, 48)  42 (26, 65) <0.001

 g-GT  30 (19, 54)  32 (20, 58)  28 (18, 48) 0.024

 TBIL  10.9 (7.9, 15.4)  10.2 (7.5, 14.3)  11.9 (8.6, 16.6) <0.001

 Albumin  38.59±4.15  38.79±4.20  38.35±4.09 0.095

Renal function

 UA  343 (276, 413)  342 (273, 420)  344 (278, 403) 0.783

 CR  76 (63, 92)  76 (63, 92)  76 (63, 92) 0.911

Blood lipid

 TC  4.4 (3.8, 5.2)  4.4 (3.8, 5.2)  4.5 (3.8, 5.2) 0.432

 TG  1.3 (1.0, 1.9)  1.4 (1.0, 1.9)  1.3 (0.9, 1.8) 0.001

 LDL-C  2.62 (2.1, 3.2)  2.62 (2.1, 3.2)  2.64 (2.0, 3.2) 0.001

 HDL-C  1.2 (1.0, 1.4)  1.2 (1.0, 1.3)  1.2 (1.0, 1.4) 0.765

 cTn I  3.8 (0.4, 16.0)  2.8 (0.3, 12.0)  5.1 (0.5, 20.0) 0.001

 NT-proBNP  1500 (280, 3632)  1737 (343, 3632)  1259 (251, 2572) <0.001

LVEF (%)*  59 (53.00, 65.00)  59 (53, 65)  59 (53, 64) 0.329

SYNTAX score**  21.5 (14, 28.5)  21 (13, 29)  22 (15, 28) 0.109

Complete revascularization, n (%)**  383 (37.7)  213 (55.3)  170 (49.1) 0.094

Table 1. Demographic and clinical profile at baseline.

Values are shown as mean±SD, median (interquartile range), or number (percentages). * Data from 539 cases. ** Data from 731 
cases. CAD – coronary artery disease; WBC – white blood cell; Hb – hemoglobin; PLT – platelets; ALT – alanine aminotransferase; 
AST – aspartate aminotransferase; g-GT – g-glutamyl transpeptidase; TBIL – total bilirubin; UA – uric acid; CR – creatinine; TC – total 
cholesterol; TG – hypertriglyceridemia; LDL-C – low-density lipoprotein cholesterol; HDL-C – high density lipoprotein cholesterol; 
NT-proBNP – N-terminal B-type natriuretic peptide; LVEF – left ventricular ejection fraction.
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Third, the left-behind group has an unhealthier lifestyle than 
the not-left-behind group. An increase in household incomes 
(contributed by the migrant children) leads to unhealthy di-
ets that are high in fat and sugar [25]. Furthermore, to allevi-
ate mental illnesses and stress, the left-behind elderly parents 
consume more tobacco and alcohol than the not-left-behind 
elderly parents [26,27]. These habits are negatively associat-
ed with their health outcomes.

Future targets for intervention in the poor prognosis of left-be-
hind patients with STEMI should focus on encouraging adult 
children to pay more attention to their parents and find a job 
as near to their parents’ residence as possible. Such initiatives 

are being undertaken by the Chinese government [28]. At the 
same time, improving the mental health condition and pro-
viding more convenient access to health care is beneficial for 
such left-behind elderly individuals.

This study should be interpreted in the context of its limita-
tions. First, as this is a retrospective study, we could not in-
vestigate the effect of communication between the left-behind 
parents and their children; this communication is helpful in al-
leviating the parents’ loneliness, dispelling their negative emo-
tions, and possibly improving their mental health [29]. Second, 
we did not evaluate the patients’ psychological states, which 
can affect the prognosis of STEMI [24].

Conclusions

In conclusion, we found that left-behind status was an inde-
pendent risk factor for the prognosis of STEMI. The left-behind 
group with STEMI had a 1.778-fold higher risk of experienc-
ing MACCEs. More effort is needed to improve the prognosis 
of the left-behind elderly population with STEMI.
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Figure 1.  Kaplan-Meier analysis of primary outcomes in the left-
behind group and not-left-behind group.

Variables HR (95% CI) P value Adjusted HR (95% CI) P value

Not-left behind – – – –

Left behind 1.804 (1.363, 2.389) <0.001 1.778 (1.241, 2.547) 0.002

Age 1.034 (1.022, 1.047) <0.001 1.035 (1.017, 1.053) <0.001

Smoking 0.717 (0.544, 0.946) 0.019 0.858 (0.612, 1.203) 0.375

CAD 0.632 (0.423, 0.945) 0.025 0.716 (0.448, 1.144) 0.162

Hypertension 1.386 (1.052, 1.824) 0.020 1.128 (0.814, 1.564) 0.468

Stroke 1.621 (1.031, 2.548) 0.036 1.478 (0.905, 2.415) 0.119

ALT 1.002 (1.001, 1.003) <0.001 1.003 (1.001, 1.006) 0.014

AST 1.001 (1.000, 1.001) 0.001 1.000 (0.999, 1.001) 0.49

Albumin 0.953 (0.923, 0.985) 0.004 0.989 (0.946, 1.034) 0.622

NT-proBNP 1.000 (1.000, 1.000) 0.001 1.000 (1.000, 1.000) 0.243

Table 2. Cox regression analysis of factors associated with left-behind group.

CAD – coronary artery disease; ALT – alanine aminotransferase; AST – aspartate aminotransferase; NT-proBNP – N-terminal B-type 
natriuretic peptide.
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