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Effects of the covid-19 pandemic on neurological diseases
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Abstract

Background:Covid-19 has causedmany complications for both the infected and those

in need of medical care. This may be due to infection-related prognosis worsening or

the patients’ avoidance of referring to the hospital for fear of contracting the infec-

tion. The decline of acute referral to the ER of many significant conditions with severe

results on both the well-being and life-expectancy is a serious concern. To address

these concerns, we designed this study to evaluate the recent pandemic’s impact on

“in-hospital mortality” caused by neurological disorders pre and postpandemic.

Methods and material: The inclusion criteria were any acute neurological condition

and the consent of the patients eligible for our study. The definitions of all assessed

conditions and the comorbidities are ICD-10 based. Hypertension and diabetes melli-

tus, due to their highprevalence,were evaluated separately fromother internal comor-

bidities. The total number of the enrolled patients was 1742, 671 of whom had been

during the COVID-19 pandemic, and 1071 had attended the ER during the prepan-

demic era.

Results: The overall mortality was significantly higher during the pandemic, and the

covid infected had suffered higher mortality rates. (p-value< 0.05)

Conclusion: During the pandemic, those with minor strokes and other nonlife-

threatening ailments had avoided hospital care leading to a significantly higher rate of

critical conditions. Increased incidence of strokes and ICHs during the pandemic, too,

caused significant increased in-hospital mortality.
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1 INTRODUCTION

The recent covid-19 pandemic led to many unexpected situations

and resulted in the severe loss for the people. The pandemic scarred

society’s psyche in a lasting manner. Many have outlined these

losses and evaluated the mental impact of the pandemic (Zandifar &

Badrfam, 2020; Zandifar, Badrfam, Khonsari, Assareh, et al., 2020;
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Zandifar, Badrfam, Khonsari, Mohammadi, et al., 2020). However, with

all focus on the covid-19 pandemic, it has led to un-diagnosing and

missing some life-threatening yet curable conditions.

Nonetheless, another theory is that the fear of the condition itself

and the person’s fear of acquiring the infection while visiting the hos-

pital will lead to avoiding the hospital at all costs, losing precious treat-

ment time, and dramatically worsening their prognosis. Thus after the
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pandemic, the number of referrals to the hospital markedly declined

(Hartnett, 2020; Woodruff & Frakt, 2020; Zadnik et al., 2020; Whaley

et al., 2020). This phenomenonhas been addressed in other studies and

includes emergency and outpatient visits (Borrelli et al., 2020; Wosik

et al., 2020).

The decline in the usual numbers of referred patients to our hos-

pital, the neurology referral center of an entire province, raised the

question as to what had caused the patients decreased inflow. Since

limited studies have evaluated the effect of the Covid-19 pandemic

and infection on neurological disorders, we designed this study to

assess the impact of the COVID-19 pandemic on “in-hospital mor-

tality” due to neurological disorders. In the Covid period, we evalu-

ated covid infection’s effect on all cause-specific and stroke in-hospital

mortality.

2 METHODS AND MATERIALS

2.1 Data collection

In this before and after comparative study, Rajaee hospital’s data

was used as a referral center for all neurological conditions in Alborz

province, Iran, to compare the effect of the covid-19 pandemic on neu-

rological diseases. All admission data from the March 20th till the end

of June of 2019, the prepandemic period, and the similar months of

2020, and the postpandemic period were chosen.

Inclusion criteria were any neurological diagnosis and consent to

use their data for research and publication purposes.

2.2 Neurological disorders and comorbidity
definition and diagnosis

We obtained the data from the hospital’s data files. All of the included

diagnoses are ICD-10 based.

In addition to conditions such as stroke and intracranial hem-

orrhages with high prevalence, for proper assessment and to pro-

vide an adequate population size for analysis, conditions such as

tension headaches, migraine, non-life-threatening seizure episodes,

multiple sclerosis flares, transient ischemic attacks, neuralgia, and non-

life-threatening polyneuropathies were considered as “Other non-life-

threatening conditions” (ONLT) ICD-10 codes (H44.60,M54.81,G50.0,

B02.22, G90.09, E11.40, G35, G45.9, G44.021, G44.89, G44.209, G43,

G40, and G36).

Categorized as “other life-threatening” (OLT) were conditions such

as bacterial meningitis, encephalitis, Guillain barre syndrome, life-

threatening polyneuropathies, myelitis conditions, status epilepticus,

and neurotoxins poisonings with ICD-10 codes (G00.9, G04, G05,

B00.4, G61.0, G40.901, G92, G37.4).

Internal conditions defined as rheumatologic disorders by ICD-10

codes were as follows: (M05, L93) chronic pulmonary conditions ICD-

10 codes (J44.9, J45, j47), endocrine conditions ICD-10 codes (E34.9,

E24.9, E27.1, E03, E05, E22.1), chronic hepatic diseases ICD-10 codes

(K74.60, K70.3, K75.4, K73.9, B94.2, B18), and renal dysfunctions

(N18, Q61.2).

Stroke was defined based on ICD-10 codes: I63.X and I64.X and

intracranial hemorrhage (in this study ICH was defined as all types of

bleeding in cranium) as ICD-10 codes: I60.X and I61.X.

Hypertension (HTN), defined as a consistently measured systolic

blood pressure above 130 mm Hg or diastolic blood pressure above

80mmHg, had an ICD-10 code (I10).

ICD-10 codes (E10, E11) defined diabetesmellitus as a fasting blood

sugar above 126 mg/dl or blood glucose levels above 200 mg/dl at any

time, or hemoglobin A1c level of 6.5% and higher.

Due to large numbers of hypertension anddiabetes cases, formeans

of a better comparison, these conditions were grouped and analyzed

separately from other internal disorders (World Health Organization,

2004).

2.3 Ethical consideration

The Ethics committee of Alborz University of Medical Sciences

approved this study.

2.4 Statistical analysis

Weanalyzed the data using SPSS software version22. The quantitative

and qualitative variables are expressed asmeanwith SD and frequency

with percentages. Themortality rates were reported with a 95% confi-

dence interval (CI).

We used an independent t-test to compare the quantitative and

chi-square tests to compare the qualitative variables. We assessed the

effect of the covid era on in-hospital mortality due to neurological dis-

orders indifferent logistic regressionmodels.Model I evaluates a crude

association between the mentioned variables. In model II, the associa-

tion adjusted the variables for sex and age, and in the third model, we

modified any additional underlying conditions.

In the covid period, we assessed covid infection’s effect on all cause-

specific and stroke in-hospital mortality. The results of logistic regres-

sion analysis are reported as odds ratio (OR) and 95% CI. We consid-

ered a p-value below 0.05 as statistically significant.

3 RESULTS

Overall, 1742 patients with neurological diseases participated in the

study consisting of 1071 patients of the precovid era and 671 patients

of the covid era. Demographic and disease-related characteristics of

patients during the covid period are presented in Table 1. The mean

age of the patients for the two periods was not statistically different

(p-value: 0.24). Sex distribution before and in the covid erawas statisti-

cally significant; the percentage of male patients with neurological dis-

eases in the covid era has increased dramatically compared to female

participants.
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TABLE 1 Demographic and disease-related characteristics of patients according to covid-19 period

Before covid

n= 1071

After covid

n= 671 p-value

Age mean± standard deviation 61.42± 18.67 62.45± 17.23 0.24

Sex Male, n (%) 563 (52.5) 393 (58.5) 0.01*

Female, n (%) 508 (47.5) 278 (41.5)

Mortality Alive n (%) 973 (90.8) 550 (81.9) <0.001*

Dead n (%) 98 (9.2) 121 (18.1)

Neurological condition Stroke n (%) 427 (39.9) 301 (44.8) <0.001*

ICH n (%) 79 (7.3) 92 (13.7)

OLT n (%) 90 (8.4) 51 (7.7)

ONLT n (%) 475 (44.4) 227 (33.8)

Underlying internal condition Yes n (%) 84 (7.8) 99 (14.8) <0.001*

No n (%) 987 (92.2) 572 (85.2)

Hypertension and diabetes HTN n (%) 172 (16) 78 (11.6) 0.001*

Diabetes n (%) 31 (3.1) 18 (2.6)

Both n (%) 41 (3.8) 50 (7.6)

None n (%) 826 (77.1) 525 (78.2)

Abbrevations: ICH, intracranial hemorrhage; OLT, other life-threatening; ONLT, another non-life-threatening; HTN, hypertension.

The mortality rate and having underlying internal condition nearly

doubled significantly in the covid era.

The percentage of neurological conditions differed significantly

between the two eras, as the percentage of strokes and ICHs were sig-

nificantly higher within the covid era.

The chances of developing neurological conditions in patients with

underlying internal conditions and thosewith a history ofHTNand dia-

betes were significantly higher in the covid era.

Table 2 shows the effect of the Covid-19 era on all-cause-specific

neurological in-hospital mortality rate in the logistic regression model.

In themultivariate logistic regressionmodel, the effect of the covid era

on all-cause neurological diseases mortality rate (OR: 1.95, 95%:1.42–

2.68), strokes (OR: 2.23, 95%:1.42–3.5), and ICHs mortality rate (OR:

3.28, 95%:1.64–6.54) was statistically significant and mortality rate

increase during the COVID-19 era in comparison to the precovid era.

However, the mortality rate of other non-life-threatening and life-

threatening conditions did not differ significantly.

Moreover, in the multivariate logistic regression model, COVID-

19 infection significantly increased the odds of all-cause neurologi-

cal mortality rate (OR: 3.75, 95%:2.22–6.35) and mortality rates due

to stroke (OR: 2.49, 95%:1.19–5.21) (Table 3). Furthermore, mortal-

ity rates across neurological conditions are illustrated in Figure 1,

illuminating the mortality percentage differences between the covid-

infected and noninfected patients across neurological conditions.

4 DISCUSSION

Based on our results, it seems that the COVID-19 pandemic may have

led to an increase in some neurological conditions such as ICH by

unknown means. Nevertheless, the critical point that needs attention

TABLE 2 Effect of the covid-19 era on all and cause-specific
neurological in-hospital mortality rate in logistic regression

OR 95%CI p-value

All-cause neurological

mortality

Model 1 2.18 1.64 2.9 <0.001*

Model 2 2.23 1.66 3 <0.001*

Model 3 1.95 1.42 2.68 <0.001*

Stroke Model 1 2.1 1.39 3.18 <0.001*

Model 2 2.42 1.57 3.76 <0.001*

Model 3 2.23 1.42 3.5 <0.001*

ICH Model 1 3.02 1.56 5.84 <0.001*

Model 2 3.05 1.56 5.96 <0.001*

Model 3 3.28 1.64 6.54 <0.001*

OLT Model 1 0.8 0.33 1.93 0.62

Model 2 0.73 0.29 1.83 0.5

Model 3 0.83 0.31 2.25 0.72

ONLT Model 1 0.89 0.33 2.35 0.82

Model 2 0.87 0.32 2.35 0.79

Model 3 0.85 0.31 2.32 0.75

Notes: Model 1= crude.

Model 2= adjusted for sex and age.

Model 3= adjusted for all.

Abbrevations: ICH, intracranial hemorrhage; OLT, other life-threatening;

ONLT, other non-life-threatening; OR, odds ratio, 95%; CI, 95 % confidence

interval.

is that these conditions lethality has increased during the covid era. A

straightforward explanation can be COVID-19 infection itself, as it has

shown to increase significantly in-hospital mortality; nonetheless, this

cannot explain the main reason for mortalities within the covid era. As

it is noticeable, the number of referrals in the covid period has nearly
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TABLE 3 Effect of covid-19 infection on all and stroke in-hospital
mortality during the covid-19 era in logistic regression analysis

OR 95%CI p-value

All neurological

diseases

Model 1 4.14 2.55 6.72 <0.001*

Model 2 3.44 2.07 5.69 <0.001*

Model 3 3.75 2.22 6.35 <0.001*

Stroke Model 1 2.69 1.34 5.38 0.005*

Model 2 2.46 1.18 5.14 0.01*

Model 3 2.49 1.19 5.21 0.01*

Notes: Model 1= crude.

Model 2= adjusted for sex and age.

Model 3= adjusted for all.

OR: odds ratio, 95%CI: 95% confidence interval.

F IGURE 1 Effect of COVID-19 infection onmortality rates
according to neurological conditions alongside their standard error.
ICH: intracranial hemorrhage, OLT: other life-threatening, ONLT:
other non-life-threatening

dropped to half compared to a similar timeline before the covid period.

This might be due to fear of covid infection, causing avoidance of

hospitals. As demonstrated in the results, the percentage of strokes

and ICHs increased dramatically, while fear of covid contraction led

to a decline in referral. According to our findings, patients with ONLT

conditions or those with minor strokes and other non-life-threatening

ailments avoided visiting hospitals, whereas patients with critical ill-

nesses and more severe symptoms had no choice but to visit the

hospital.

This refusal to seek care increased the percentage of critical

patients, as shown in Table 1. The increased rate in strokes and ICHs

and patients with coexistent internal diseases presumably being in a

more critical situation than the similar timeline before the pandemic

may have led to increased in-hospital mortality.

Nonetheless, we must not forget another factor that people with a

neurological condition avoiding hospitals and staying home lose valu-

able time, especially in ICH and strokes, thus dramatically increasing

the condition’s mortality. Hence, we think the fear alongside the infec-

tion has led to an increase inmortality.

5 STUDY LIMITATIONS

One should note that the most significant limitation of this study was

that we only could assess in-hospital mortality, and mortalities out-

side the hospital, including all those who did not visit the hospital or

all those discharged from the hospital, could not be assessed; thus, we

presume a significant underestimation of neurological diseases’ mor-

tality. Therefore, it is imperative to educate the public ofmedical emer-

gencies and when they must visit the hospital, despite being at risk of

infection.

6 CONCLUSION

It seems health crises and pandemics can result in direct fatalities, as

the general population avoids hospital visits, even for medical emer-

gencies, resulting in death or irreparable damage that could have easily

been avoided by a timely visit to the hospital. Thuswe recommendpub-

lic education on medical emergencies and teach them when they must

visit the hospital andwhen it is better to avoid visits to the hospital.
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