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Abstract

Background
The current double epidemic of non-communicable diseases (NCDs) and the 2019 coronavirus disease (COVID-19) and their
vicious circle relationship causes adverse health effects at the population level and, at the same time, places a tremendous burden
on the health care system. Our study aimed to investigate whether the metabolic indicators associated with NCDs in the general
population have changed during the COVID-19 outbreak.

Results
We conducted a retrospective self-controlled study enrolling adult participants who received baseline test for metabolic indicators
related to NCDs during January 1, 2019 and April 30, 2019 and were followed up on metabolic indicators in the same period in
2020. The follow-up total cholesterol was signi�cantly increased than that of the baseline (4.73 (4.05, 5.46) mmol/L vs 4.71 (4.05,
5.43) mmol/L, p = 0.019; n = 3379). Similar results were observed in triglyceride (1.29 (0.91, 1.88) vs 1.25 (0.87, 1.81) mmol/L, p < 
0.001; n = 3381), uric acid (330.0 (272.0, 397.0) vs 327.0 (271.0, 389.0) umol/L, p < 0.001; n = 3364), and glycosylated hemoglobin
(6.50 (6.10, 7.30) vs 6.50 (6.10, 7.20) %, p = 0.013; n = 532). No signi�cant difference was observed in low density lipoprotein, body
mass index and blood pressure.

Conclusions
Metabolic indicators associated with non-communicable diseases deteriorated in the Coronavirus Disease 2019 outbreak. We
should take action to prevent and control non-communicable diseases without delay.

Strengths And Limitations Of The Study
This is, to our knowledge, the �rst study to explore multiple metabolic indicators associated with noncommunicable
diseases in the general population on a large scale, offering the basis for the corresponding intervention strategy for the
current and future public health emergencies.

This is a self-controlled study, which could eliminate individual difference to a great extent.

With no detailed information relating to particular changes in eating habits, physical activity, and psychological situation
among the participants, we could not con�rm which factor contributed the most to the deterioration of the metabolic
indicators.

Introduction
At the end of 2019, the emergence of a new coronavirus caused the Coronavirus Disease 2019 (COVID-19) epidemic worldwide1.
As of June 24, 2020, there were over nine million con�rmed cases of COVID-19 and almost 478,000 deaths globally2. The number
of con�rmed cases of the COVID-19 is rising worldwide. With the lack of effective vaccines and speci�c drugs, many countries
have quickly adopted quarantine, social distancing, community containment, and other measures to deal with this global public
health emergency3–5. The Chinese government has implemented lockdown and social distancing measures since January 2020
and achieved preliminary success at the end of Apri 20205, 6. As of May 2, 2020, all provinces across the country have ceased the
�rst-level response7. The prevention and control of the COVID-19 epidemic in China has changed from emergency to normal, with
lockdown status ended and social distancing continued8. Due to the high prevalence of non-communicable diseases (NCDs) and
the possible mutual deteriorating relationship between NCDs and COVID-19, we should now pay attention to whether the risk and
control of NCDs have changed during the epidemic, and take corresponding measures.

There is increasing clinical evidence that NCDs related to metabolic syndrome, such as diabetes and hypertension, were the most
common comorbidities among COVID-19 patients, and could signi�cantly increase the severity and mortality9–11. Deteriorated
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metabolic indicators, including blood lipid, blood uric acid(UA), blood preesure(BP), blood glucose and body mass index(BMI),
could directly or indirectly affect the progression of COVID-19 by increasing the risk of NCDs12–14. As the progression of COVID-19
is mainly dependent on the initial health status of an individual, the prevention and control of NCDs are of vital importance to
reduce the harm of the COVID-19 epidemic currently and in the future. Meanwhile, NCDs are the leading causes of death
worldwide, contributing to 73·4% of total deaths in 201715. Hypertension and diabetes are the most common NCDs among
Chinese adults, with 25.2% and 9.7% of Chinese adults suffering from hypertension and diabetes, respectively16. The prevention
and control of NCDs could reduce the chronic complications related to disability and premature death, as well as the direct and
indirect medical expenses related to them17, 18.

It is worth noting that lifestyles may change greatly in the face of the threat of COVID-19, thereby affecting the risk and control of
NCDs8, 19–21. A recent analysis from mathematical modeling in India forecasted that lockdown would substantially increase
glycosylated hemoglobin (HbA1c) and future diabetes-related complications22. Social distancing and COVID-19-related relevant
negative news may adversely affect emotions, leading to behavior changes and physical health issues associated with NCDs23.
Routine management of NCDs has been scaled down during the peak period of the COVID-19 epidemic. People at high risk for
NCDs may have to delay their screening test, and patients with NCDs may discontinue treatment or change the treatment without
the guidance of doctors, resulting in poor control.

To our knowledge, nevertheless, only a few studies focused on the risk of NCDs and its control during the COVID-19 outbreak. One
study paid attention to weight change in Poland adults during the COVID-19 crises and found that almost 30% experienced weight
gain19. The other studies focused on glycaemic control in diabetes during the restrictions due to COVID-19 pandemics and
unexpectedly found no results indicating deterioration4, 24–26. However, the sample size of those studies was small, and those who
represent patients with non-autoimmune forms of diabetes were underrepresented.

The current double epidemic of NCDs and COVID-19 and their vicious circle relationship causes adverse health effects at the
population level and, at the same time, places a tremendous burden on the health care system. The present retrospective self-
controlled study aimed to analyse more metabolic indicators associated with NCDs in the general population on a large scale,
offering the basis for the corresponding intervention strategy for the prevention and control of NCDs during the COVID-19 outbreak
and the subsequent period.

Methods
Study design, setting and participants

We conducted a retrospective, self-controlled study. The study was approved by the Ethics Committee of Fujian Provincial Hospital
(Approval ID K2020-06-015), and all methods were carried out in accordance with Declaration of Helsinki. Due to the retrospective
nature of the study, informed consent was waived by the Ethics Committee of Fujian Provincial Hospital. Participants' information
has been anonymized since the data collection stage.

We collected data from the electronic medical record system of two tertial hospitals. Individuals aged 18 years old and above with
baseline and follower-up metabolic indicators associated with NCDs were enrolled in our retrospective self-controlled study.
Emergency patients and inpatients were excluded to rule out the potential effects of stress on metabolism. Baseline metabolic
data including total cholesterol (TC), low density lipoprotein (LDL), triglyceride (TG), UA, HbA1c, BMI, systolic blood pressure (SBP),
and diastolic blood pressure (DBP) during January 1, 2019 and April 30, 2019, were compared with the follow-up data in the same
period of 2020, the peak period of COVID-19 epidemic in China.

Patient and Public Involvement statement

    There were no patient and public involved due to the retrospective nature of the study.

Measurement
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Weight and height were measured using an ultrasonic, when participants were barefoot and worn light clothing. BMI was
calculated as weight in kilograms divided by height in meters squared (kg/m2). Blood pressure was measured three times on the
right arm using an automatic sphygmomanometer after 5 minutes of seated rest and was recorded as the average of the last two
blood pressure readings. TC, LDL, TG, and UA were quanti�ed using an enzymatic colorimetric assay. HbA1c was measured by
high-performance liquid chromatography. Participants aged 18-44, 45-64, and >65 years old were regarded as young, middle-aged,
and aged. 

Statistical methods

All statistical analyses were conducted with SPSS Statistics for Windows, Version 25.0 (Armonk, NY: IBM Corp). Data are
presented as the number (percentage) for categorical variables and the median (interquartile range (IQR)) for continuous variables
that are not normally distributed. Paired-samples T-test and Wilcoxon signed-rank test were performed to check the differences of
paired data that are normally distributed and abnormally distributed, respectively. All tests were two-sided, and p<0.05 was
considered statistically signi�cant.

Results
Demographic characteristics

The demographic characteristics of the studied population were presented in Table 1. More than three thousand participants were
analyzed for TC (n=3379), LDL (n=3341), triglyceride (TG) (n=3381), and UA (n=3364). Middle-aged account for almost half. A
total of 532 participants were analysed for HbA1c, with most were middle-aged/aged and male. For BMI n=445) and BP n=463),
more than four hundred participants were analysed, most of whom were young and female. 

Metabolic indicators

The comparison of baseline and follow-up metabolic indicators were shown in Table 2. The follow-up TC (4.73 (4.05, 5.46)
mmol/L) was signi�cantly increased than that of the baseline (4.71 (4.05, 5.43) mmol/L, p=0.019). Similar results were observed
for TG (1.29 (0.91, 1.88) vs 1.25 (0.87, 1.81) mmol/L, p<0.001), UA (330.0 (272.0, 397.0) vs 327.0 (271.0, 389.0) umol/L,
p<0.001) and HbA1c (6.50 (6.10, 7.30) vs 6.50 (6.10, 7.20) %, p=0.013). There was no signi�cantly statistical difference between
the follow up and baseline LDL (3.00 (2.40, 3.67) vs 3.04 (2.44, 3.70), p=0.169), BMI (22.86(20.72,24.88) vs 22.88(20.89,24.97),
p=0.976), SBP (120.0 (111.0, 129.0) vs 120.0 (111.0, 130.0), p=0.896), and DBP (73.0 (67.0, 81.0) vs 73.0 (67.0, 81.0), p=0.724).

Discussion
The main �ndings of the present study were that metabolic indicators, including TC, TG, UA, and HbA1c, were signi�cantly
increased during the outbreak of COVID-19. Nevertheless, no statistical difference was observed in LDL, BMI, and BP. 

Our results provided evidence that metabolic indicators associated with NCDs deteriorated during the COVID-19 outbreak in China.
With the initiation of the �rst-level response to prevent the spread of COVID-19 during January 2020 and April 2020 in China5, 7, the
impacts of social distancing and community containment on lifestyles may be among the most critical factors in the increase of
TC, TG, UA, and HbA1c. People tend to eat and snack more during home quarantine conditions19. As lockdown caused problems in
the food supply chain and economic recession, the consumption of processed foods characterized by high fat, high sugar, and
high salt increased due to easy availability, storage, and use8, 20, 22. These dietary changes will lead to metabolic disorders related
to NCDs in the COVID-19 outbreak and the subsequent period. Meanwhile, the closure of gyms, swimming pools, and exercise
clubs, in addition to home quarantine, will inevitably reduce opportunities to exercise27. A longitudinal study demonstrated that
time spent in sports activities decreased and the screen time increased in the COVID-19 storm21. This phenomenon is detrimental
to health because physical activity is critical to control the symptoms and risk factors of NCDs28. Furthermore, fear of catching the
virus, worrying about family, social isolation, �nancial pressure, rumors everywhere, and information overload lead to increased
stress and anxiety levels, which will result in behaviour changes and physical health issues associated with NCDs23. Finally, as
precious healthcare resources were diverted towards the prevention and control of COVID-19 epidemics, and to avoid cross-
contamination in hospitals, routine management of NCDs has been scaled down during the peak period of the COVID-19 epidemic.
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Patients with NCDs who take angiotensin receptor blockers or angiotensin-converting enzyme Inhibitors regularly may stop their
treatment without their doctor’s guidance for fear that these medications will increase the risk of COVID-19 infection through
upregulation ACE2, which could lead to uncontrolled illness. 

This is, as far as we know, the �rst study to explore blood lipid and uric acid levels among the general population during the
outbreak of a public health emergency of international concern declared by the World Health Organization and proved that blood
lipid and uric acid levels were increased. Though there is a lack of clinical evidence about the association between
hyperlipidaemia/hyperuricaemia and COVID-19, it seems that metabolic disorders may indirectly affect the progression of COVID-
19 through increasing the risk of NCDs. Moreover, lipids and cholesterol-rich membrane microdomains are essential for
coronavirus entry into human cells29. High amounts of intracellular cholesterol and fatty acids are essential for the formation of
the replication complex of COVID-1929. In this context, strengthening the screening and control of hyperlipidemia may have a
double bene�cial effect by reducing the NCD risk and interfering with COVID-19. 

Our result that HbA1c was elevated in the COVID-19 storm provided further evidence for the prediction of previous arithmetic
models22. However, previous studies focused on the glycaemic control in diabetes during the restrictions due to COVID-19
pandemics found no deteriorated results4, 24-26. These different results may be explained as follows. First, the sample size of
previous studies is small (n=13, 33, 55, and 147), and patients with type 1 diabetes accounts for more than 90 percent of the
studied population4, 24-26. Those representing patients with non-autoimmune forms of diabetes who were underrepresented in the
previous study. Second, the patients in previous studies used both continuous glucose monitoring and platforms for remote data
sharing and were younger (median/average age <45 years old) than those in our study (median age 64 years old) 4, 24-26. We
speculate that the patients in previous studies may have better health literacy and compliance to avoid metabolic deteriorattion in
the COVID-19 outbreak. Our study enrolled the general population, including healthy people and patients with NCDs, with a larger
sample size, and thus the conclusion may be more general. Moreover, our research time is longer than that of previous studies. The
present study compared metabolic changes during the peak period of the COVID-19 epidemic and the same period of last year, not
the short period of lockdown and pre-lockdown. The impact of the COVID-19 epidemic on NCDs and its risks is existed not only
during the strict lockdown period but also early on in the outbreak when fear was the prevailing emotion and the extended period
of subsequent economic downturn and social distancing after lockdown. It will probably take time to fully evaluate the impact of
the COVID-19 outbreak on the NCDs risks and control.

It is worth noting that we did not �nd signi�cant differences in BMI and BP between the time of the COVID-19 outbreak and the
same period last year. These results may be due to the small sample of BMI and BP of the participants in our study; additionally,
most of them are young people who may have better health literacy and compliance to prevent metabolic deterioration in the
COVID-19 storm.

The COVID-19 pandemic is expected to be long drawn. To meet the challenge that metabolic indicators associated with NCDs
deteriorated during the COVID-19 outbreak, we should take action to prevent and control NCDs without delay. We can focus on the
following aspects to avoid the adverse effects of the outbreak on the general population. First of all, as the primary care system
plays a vital role in the prevention and control of NCDs, a hierarchical medical system should be further implemented, and medical
education for general practitioners should be enhanced. General practitioners should not only focus on the prevention and control
of infectious disease but also on NCDs within the context of their community. Metabolic indicators associated with NCDs should
be further monitored by general practitioners during the outbreak to return them to normal as soon as possible, thus reducing the
morbidity and mortality rates of NCDs. Telemedicine consults should be implemented where possible, and home delivery services
should be arranged for essential medications. Second, with the development of 5th generation wireless systems, high-quality
massive open online courses on health education should be developed by health workers to promote healthy behaviours at home.
Health education and health-promoting behaviours have proven bene�cial for metabolic management30. In addition, the
government should take measures to ensure easy access to healthy foods for the population and should discourage the use or
consumption of unhealthy products. Finally, to alleviate the psychological impact of the pandemic, information sharing should be
enhanced, and proper psychological guidance should be implemented.

The main limitation of our study is that this study only re�ected changes in metabolic indicators associated with NCDs during the
COVID-19 outbreak. With no detailed information relating to particular changes in eating habits, physical activity, and
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psychological situation among the participants, we could not con�rm which factor contributed the most to the deterioration of the
metabolic indicators. In addition, these data referred to an adult cohort, including healthy people and patients with NCDs.
Information on medical history that may affect the results was not recorded. More studies are necessary to fully evaluate the
impact that COVID-19 has had on the health status at the population level, and going forward, it is of vital importance to collect
information to better prevent and control NCDs.

In conclusion, metabolic indicators associated with NCDs deteriorated in the COVID-19 outbreak. It is a crucial time to strengthen
action on prevention and control of NCDs to minimize the morbidity and mortality rates of COVID-19 in the short-term and reduce
total morbidity and mortality rates of NCDs in the long-term, avoiding adding on to the burden of countries' healthcare systems.

Abbreviations
BMI, body mass index; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; IQR, interquartile range; LDL, low density
lipoprotein; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; UA, uric acid.
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Tables
Table 1. Demographic Characteristics of participants
Characteristics Participants

with TC
n=3379

Participants
with LDLC
n=3341

Participants
with TG
n=3381

Participants
with UA
n=3364

Participants
with HbA1c
n=532

Participants
with BMI
n=445

Participants
with BP
n=463

Age, median
(IQR)

56.0
(42.0,66.0)

56.0
(42.0,66.0)

56.0
(42.0,66.0)

55.0
(41.0,66.0)

64.0
(55.0,70.0)

30.0
(27.0,35.0)

35.0
(30.0,44.0)

-Young, n(%) 979(29.0% 966(28.9%) 980(29.0% 994(29.5% 40(7.5% 336(75.5% 352(76.0%
  -Middle-aged,

n(%)
1436(42.5%) 1417(42.4%) 1438(42.5%) 1368(40.7%) 249(46.8% 100(22.5% 102(22.0%

 -Aged, n(%) 964(28.5% 958(28.7%) 963(28.5% 1002(29.8%) 243(45.7% 9(2.0% 9(1.9%
Male, n(%) 1558(46.1%) 1551(46.4% 1557(46.1%) 1527(45.4%) 331(62.2% 175(39.3% 184(39.7%

Data were expressed as the the median (IQR) for continuous variables. Categorical variables were plotted as the
number (percentage). 
Table 2. Comparison of baseline and follow-up levels of metabolic indicators associated with NCDs

Measurements Baseline, median (IQR) Follow-up, median (IQR) P Value
TC, mmol/L (n=3379) 4.71(4.05, 5.43) 4.73(4.05,5.46) 0.019*

LDLC, mmol/L (n=3341) 3.04(2.44,3.70) 3.00(2.40,3.67) 0.169
TG, mmol/L (n=3381) 1.25(0.87,1.81) 1.29(0.91,1.88) <0.001*

UA, umol/L (n=3354) 327.0
(271.0,389.0)

330.0
(272.0,397.0) <0.001*

       
HbA1c, % n=532) 6.50(6.10,7.20) 6.50(6.10,7.30) 0.013*

BMI, kg/ n=445) 22.88(20.89,24.97) 22.86(20.72,24.88) 0.976
SBP, mmHg n=463) 120.0(111.0,130.0) 120.0(111.0,129.0) 0.896
DBP, mmHg n=463) 73.0(67.0,81.0) 73.0(67.0,81.0) 0.724
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Data were expressed as the the median (IQR) for continuous variables. 
* indicates statistical significance difference (p<0.05).


