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Abstract

Coronavirus disease 2019 (COVID-19) deteriorates suddenly primarily due to excessive inflammatory injury, and insulin-
like growth factor-1 (IGF-1) is implicated in endocrine control of the immune system. However, the effect of IGF-1 levels on
COVID-19 prognosis remains unknown. Using UK Biobank resource, we investigated the association between circulating
IGF-1 concentrations and mortality risk (available death data updated on 07 Sep 2020) among COVID-19 patients who had
pre-diagnostic serum IGF-1 measurements at baseline (2006-2010). Unconditional logistic regression was performed to
estimate the odds ratio (OR) and 95% confidence intervals (CIs) of mortality. Among 1670 COVID-19 patients, 415 deaths
occurred due to COVID-19. Compared to the lowest quartile of IGF-1 concentrations, the highest quartile was associated
with a 41% lower risk of mortality (OR=0.59, 95% CI 0.41-0.86, P-trend =0.01). In the continuous model, per 1-stand-
ard deviation increment in log-transformed IGF-1 was associated with a 15% reduction in the risk (intraclass correlation
coefficients corrected OR=0.85, 95% CI 0.73-0.99). The association was largely consistent in the various stratified and
sensitivity analyses. In conclusion, our data suggest that higher IGF-1 concentrations are associated with a lower risk of
COVID-19 mortality. Further studies are required to determine whether and how targeting IGF-1 pathway might improve
COVID-19 prognosis.
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Introduction

An outbreak of Coronavirus Disease 2019 (COVID-19)
began in December 2019 and has triggered a public health
emergency of international concern [1]. The majority
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of COVID-19 patients have a self-limiting infection and
recover, but some suffer severe symptoms and even die
[2]. The suddenly deteriorating conditions of some patients
are mainly attributed to systematic inflammatory injury
caused by the excessive or uncontrolled activation of
immune response, known as the cytokine storm, leading to
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respiratory distress syndrome (ARDS) and multiple organ
failure [3].

Insulin-like growth factor 1 (IGF-1) belongs to the IGF
family that plays a critical role in diverse biological activities
including cell proliferation, metabolism, differentiation, and
survival [4]. Cumulative evidence also supports that IGF-1
pathway can regulate the immune response via interaction
with various cytokines (e.g., interferons) and immune cells
such as T lymphocytes, macrophages, and bone marrow cells
[5]. IGF-1 may act as an important switch controlling the
amplitude and quality of the immune response [6]. Of note,
IGF-1 administration is already an approved therapy for
growth failure and may improve symptoms of autoimmune
diseases such as type-1 diabetes and multiple sclerosis [7].
However, whether IGF-1 plays a role in COVID-19 progno-
sis remains unknown.

Therefore, in the current study, we used the UK Biobank
resource, with recently released data on COVID-19 tests and
updated death records, to investigate the association between
pre-diagnostic serum IGF-1 concentrations and mortality
among COVID-19 patients.

Methods
Study participants

UK Biobank is a prospective cohort study consisting of
approximately half a million participants (aged 3773 years)
recruited across the UK between 2006 and 2010 [8]. Trained
nurses collected blood samples from all participants in the
assessment centers at baseline and from a subset of approxi-
mately 18,000 participants with a repeat assessment between
2012 and 2013. According to the Public Health England
database linked to UK Biobank updated on 07 Sep 2020,
1713 patients were diagnosed with COVID-19 among
16,508 participants who had undergone COVID-19 PCR
tests. In the current analysis, we also included additional
164 patients who died from COVID-19 according to the
National Health Service death records. The patients who
had no available data on serum IGF-1 (n=171) or died from
other causes (n=36) were excluded, leaving 1670 patients in
the final analysis. The included participants had no history
of ARDS at baseline.

Assessment of IGF-1

Details about serum biomarker measurements and assay per-
formances have been described online (http://biobank.ndph.
ox.ac.uk/showcase/showcase/docs/serum_biochemistry.pdf).
Briefly, serum concentrations of IGF-1 were measured in
UK Biobank’s purpose-built facility using a ‘one step sand-
wich’ Chemiluminescent Immunoassay method based on
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DiaSorin Liaison XL Analyzer (Diasorin S.p.A), with a
detection range of 1.3-195.0 nmol/L. The average coeffi-
cients of variation of IGF-1 derived from internal quality
control samples of known high, medium, and low concentra-
tions were 6.18%, 5.29%, and 6.03%, respectively. Moreover,
the assay of serum IGF-1 was registered with an external
quality assurance (EQA) scheme (RIQAS Immunoassay
Speciality 1) to verify accuracy. The EQA results showed
that 100% of participated distributions (n=105) were good
or acceptable.

Ascertainment of COVID-19 mortality

Dates and causes of death were obtained from death cer-
tificates held by the National Health Service Information
Centre (England and Wales) and the National Health Ser-
vice Central Register Scotland (Scotland) [9]. The outcome
of current study was mortality due to COVID-19 (ICD-10
UO07) and available death data were updated on 07 Sep 2020.

Ascertainment of covariates

At baseline, participants attended one of 22 assessment
centers across England, Scotland, and Wales where they
completed a touch-screen, self-completed questionnaire.
Ethnicity, smoking status, and alcohol intake were self-
reported. Height, body weight, and waist circumference were
measured by trained nurses at baseline, and body mass index
(BMI) was calculated as weight in kilograms divided by
height in meters squared. Townsend deprivation index was
derived from residence using data on car and home owner-
ship, unemployment, and household overcrowding. Physical
activity was measured as total metabolic equivalent task-
minutes per week for all activity including walking, moder-
ate and vigorous activity.

Statistical analysis

Because the date of COVID-19 testing did not repre-
sent the time of infection, the survival time for each
patient could not be accurately estimated, leading to Cox
regression models inapplicable in the current analysis.
Therefore, we analyzed the association between IGF-1
and COVID-19 mortality using unconditional logistic
regression models. Odds ratios (OR) and 95% confidence
intervals (CI) were calculated according to quartiles and
continuously per 1-standard deviation (SD) increment
in log-transformed IGF-1 concentrations. Model 1 was
adjusted for major covariates including age at infec-
tion, sex, and ethnicity; Model 2 was further adjusted
for Townsend deprivation index, BMI, smoking status,
alcohol drinking, physical activity, and prevalent dia-
betes. We also additionally adjusted for serum glucose,
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cardiovascular risk factors (triglycerides, cholesterol,
high density lipoprotein, low density lipoprotein, diastolic
blood pressure, systolic blood pressure, cholesterol low-
ering and antihypertensive medications), and C-reactive
protein (n = 1434). We calculated intraclass correlation
coefficients (ICC) to assess the reproducibility between
the 2 measurements of IGF-1 available in a subcohort of
participants (n=16,356), and then used the ICC value to
recalibrate the ORs per 1-SD increment for regression
dilution [10]. We also used a restricted cubic spline with
4 knots to explore the dose—response relationship between
IGF-1 levels and COVID-19 mortality in Model 2. A like-
lihood ratio test was used to compare the model with only
the linear term of IGF-1 levels to the model with both the
linear and the cubic spline terms. P for nonlinear <0.05
was considered as nonlinearity, and P for linear < 0.05
as linearity.

Stratified analyses were conducted according to the
median age at infection (<70, > 70 years), sex (male,
female), ethnicity (white, non-white), BMI (< 30, > 30 kg/
m?), physical activity (< median, > median), and smoking
status (never, ever) in Model 2. To investigate potential
effect modification by these stratification variables, we
used a likelihood ratio test comparing the models with
and without interaction terms between IGF-1 concentra-
tions and each of the stratification variables.

A sensitivity analysis was performed by excluding par-
ticipants with baseline cancer or cardiovascular disease.
Because IGF-1 is highly related to central obesity, we also
did a sensitivity analysis by adjusting for waist circumfer-
ence instead of body mass index. We used SAS 9.4 for all
analyses. All statistical tests were two-sided, and P < 0.05
was considered statistically significant.
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Results

Among 1670 COVID-19 patients, 415 deaths occurred due
to COVID-19. The median time from baseline blood draw
to COVID-19 testing was 11.2 years (interquartile range:
10.5-11.9 years). The distribution of IGF-1 concentrations
is shown in Fig. 1, ranging from 4.79 to 58.00 nmol/L,
which was similar to the distribution in the whole cohort
(data not shown). The mean (SD) value was 21.17 (6.00) in
the included COVID-19 patients and 21.40 (5.70) in the rest
participants of UK Biobank.

Table 1 summarizes the main characteristics of COVID-
19 patients according to quartiles of serum IGF-1 concen-
trations. At baseline, participants with higher IGF-1 had a
lower BMI and higher levels of physical activity, and tended
to be younger, males, and nonsmokers.

As shown in Table 2, higher IGF-1 concentrations were
associated with a reduced risk of COVID-19 mortality in
the multivariable models (Model 2: OR comparing quartile
4 versus 1=0.59,95% CI 0.41-0.86, P-trend=0.01). In the
continuous model, per 1-SD increment in log-transformed
IGF-1 was associated with a 15% lower risk of mortality
(Model 2: ICC corrected OR=0.85, 95% CI 0.73-0.99).
The association remained stable after further adjustment for
serum glucose, cardiovascular risk factors, and C-reactive
protein. In Fig. 2, restricted cubic spline regression analysis
suggested an inverse linear relationship between IGF-1 con-
centrations and COVID-19 mortality (P for nonlinear =0.95
and P for linear =0.049).

Figure 3 shows the forest plot results of stratified analy-
ses. The inverse association between IGF-1 and COVID-19
mortality was largely consistent across subgroups, except for
ethnicity and smoking status. The association appeared to
be stronger in non-white participants and nonsmokers (both
P-interaction < 0.05).
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Fig. 1 The distributions of original and log-transformed IGF-1 concentrations
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Table 1 Baseline characteristics of COVID-19 patients according to quartiles of serum IGF-1 concentrations

Characteristic

Serum IGF-1 concentrations (nmol/L)

Q1 (4.79-17.09)

Q2 (17.09-20.91)

Q3 (20.91-24.51)

Q4 (24.53-58.00)

Participants, No 417 418 418 417
Age at blood draw, mean (SD) (years) 59.34 (7.67) 57.31 (9.22) 56.04 (9.19) 53.92 (9.37)
Age at infection, mean (SD) (years) 70.55 (7.72) 68.52 (9.31) 67.18 (9.19) 65.11 (9.34)
Female, No. (%) 215 (51.56) 201 (48.09) 189 (45.22) 179 (42.93)
White race, No. (%) 368 (88.25) 369 (88.28) 354 (84.69) 363 (87.05)
Prevalent diabetes, No. (%) 59 (14.15) 35(8.37) 41 (9.81) 39 (9.35)
Body mass index, mean (SD) (kg/m?) 29.91 (6.01) 29.10 (5.49) 28.29 (5.04) 27.70 (4.73)
Physical activity, mean (SD), MET-hours/week 37.27 (38.32) 43.69 (44.03) 44.18 (41.70) 46.36 (48.25)
Townsend deprivation index, mean (SD) 0.12 (3.50) -0.21 (341) —0.71 (3.34) —0.52(3.33)
Smoking status, No. (%)*
Never 177 (42.45) 194 (46.41) 213 (50.96) 215 (51.56)
Previous 178 (42.69) 172 (41.15) 154 (36.84) 144 (34.53)
Current 55 (13.19) 48 (11.48) 48 (11.48) 55 (13.19)
Alcohol consumption, No. (%)*
Daily to three times a week 142 (34.05) 161 (38.52) 133 (31.82) 138 (33.09)
Twice a week to once a month 134 (32.13) 159 (38.04) 165 (39.47) 174 (41.73)
Never or special occasions only 138 (33.09) 96 (22.97) 119 (28.47) 105 (25.18)
MET, metabolic equivalent
#The total did not sum to 100% because small proportions of participants chose "prefer not to answer"
Table 2 Association between serum IGF-1 concentrations and COVID-19 mortality
Quartile of log-transformed IGF-1 levels, OR (95% CI)* P-trend®  OR per 1-SD increment®  Adjusted OR per
1-SD increment?
Qr Q2 Q3 Q4
No. of cases 142 105 100 68
Model 1 Ref  0.70 (0.50-0.97)  0.76 (0.55-1.07)  0.53 (0.37-0.77)  0.001 0.84 (0.74-0.95) 0.80 (0.68-0.94)
Model 2 Ref  0.74 (0.53-1.04)  0.86 (0.61-1.21)  0.59 (0.41-0.86)  0.01 0.88 (0.78-0.99) 0.85 (0.73-0.99)
Model 2 plus ~ Ref  0.71 (0.49-1.02)  0.90 (0.62-1.30)  0.55 (0.37-0.83)  0.02 0.85 (0.74-0.98) 0.81 (0.68-0.97)

other factors®

OR, odds ratio; CI, confidence interval; ref, reference

*Model 1: adjusted for age at infection, sex, ethnicity. Model 2: additionally adjusted for Townsend deprivation index, body mass index, smoking

status, alcohol drinking, physical activity, and prevalent diabetes

bP_trend was based on the median value of each quartile of log-transformed IGF-1 levels as a continuous variable in the models

°SD was the standard deviation of log-transformed IGF-1 levels, which was 0.30

4ORs per SD increment were additionally corrected for the intraclass correlation coefficient (0.78) obtained from the subsample of participants

with repeat IGF-1 measurements

®Model 2 plus additional adjustment for serum glucose, cardiovascular risk factors (serum lipids, blood pressure, cholesterol lowering and anti-
hypertensive medications), and C-reactive protein. A total of 236 participants had missing data on serum glucose, lipids, or C-reactive protein

Sensitivity analyses showed that the aforementioned
association remained basically unchanged by excluding
267 individuals who had baseline cancer or cardiovascular
disease (Table 3) or by adjusting for waist circumference
instead of body mass index (Table 4).
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Discussion

To the best of our knowledge, this study was the first to
demonstrate an inverse association between pre-diagnostic
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Fig.2 The dose-response relationship between log-transformed
IGF-1 concentrations and COVID-19 mortality according to
restricted cubic spline regression analysis. The solid line represents
estimates of odds ratios and the dashed lines represent 95% confi-
dence intervals

circulating levels of IGF-1 and COVID-19 mortality risk
among COVID-19 patients. Our findings suggest a poten-
tial role of IGF-1 in COVID-19 prognosis and have impli-
cations for risk stratification and tailored treatment of
COVID-19 patients.

Cytokine storm has been recognized as one of the major
causes of ARDS and multiple organ failure in COVID-19
patients. Therefore, effectively suppressing the cytokine
storm is important to prevent the disease deterioration and
reduce COVID-19 mortality. Markedly elevated levels of cir-
culating interleukin-6 (IL-6), IL-2R, IL-10, tumor necrosis
factor-a (TNF-a), etc. have been detected in patients with
severe COVID-19 [11, 12]. These cytokines are mainly pro-
duced by macrophages and lymphocytes which have been
implicated in cytokine storm [13]. Several studies in humans
and animal models have suggested an anti-inflammatory
effect of IGF-1. For example, there is an inverse relation-
ship between circulating IGF-1 and IL-6 levels [14, 15],
and IGF-1/IGF binding protein-3 administration to severely
burned patients effectively attenuated inflammatory effects
and reduced IL-6 levels [16]. Recombinant human IGF-1
infusion into ApoE-deficient mice significantly decreased
macrophage infiltration by downregulating IL-6 and TNF-a
expression [17]. In addition, recombinant human IGF-1 can
mediate autoimmune suppression in mouse models of auto-
immune disease by increasing regulatory T cells in affected
tissues [7]. These data and our findings shed a light on

potential beneficial effects of IGF-1 treatment on COVID-
19 patients. However, it remains uncertain whether ethnicity
and smoking status modify the role of IGF-1 in immune
regulation, and other studies also reported that IGF-1 might
exert pro-inflammatory effects [18, 19]. Future studies are
necessary to clarify the mechanism of IGF-1 in COVID-19
prognosis and to confirm whether IGF-1 treatment is effec-
tive to mitigate the risk of COVID-19 deaths.

Our study has several strengths. First, UK Biobank is a
well-designed large cohort and are providing reliable data
on COVID-19 diagnosis and related deaths, allowing us to
do the analysis in a timely fashion. Second, biochemistry
assays of IGF-1 were performed in a single dedicated central
laboratory by a standard, reliable method and strict quality
control procedures. Third, we were able to adjust for various
covariates on demographic and lifestyle factors.

Several potential limitations also need to be acknowl-
edged. First, the observational nature of this study pre-
vents us from inferring causality. However, our sensitivity
analyses excluding baseline CVD and cancer supported the
robustness of the findings. Second, a single measurement of
IGF-1 at baseline may not represent the levels over 10 years.
However, the ICC value of 0.78 (95% CI 0.77-0.79) calcu-
lated in a subcohort of UK Biobank, together with previous
data [20, 21], indicate that IGF-1 levels are generally stable
over time. Third, UK biobank enrolled middle and older
aged adults only and Caucasians representing the major-
ity of participants, which limited the ability to assess the
association among younger people (<40 years) and other
ethnicities. Fourth, due to limited coverage of coronavirus
testing in the UK, ascertainment bias cannot be avoided.
Fifth, recovery and COVID-19 related deaths have been sug-
gested to be competing risk events [22]. However, there is
no available data on recovery status for COVID-19 patients
in UK biobank, and therefore the current study did not take
recovery as a potential competing risk into account. Finally,
UK Biobank is not representative of the UK population.
However, valid assessment of exposure-outcome associa-
tions may be widely generalizable and does not require a
representative sample [23].

Conclusions

The current study indicates that higher serum IGF-1 con-
centrations are associated with a lower risk of COVID-19
mortality. Further studies are warranted to validate our find-
ings and clarify underlying mechanisms.
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Fig.3 Forest plots of stratified
analysis for the association

between serum IGF-1 concen-
trations and the risk of COVID-

19 mortality

Subgroup Quartile OR (95% Cl) P-interaction
Age at infection (years) 0.37
Q1 n ref
Q2 - 0.60 (0.30-1.21)
Q3 - 0.53 (0.26-1.06)
Q4 —.— 0.61 (0.30-1.26)
270 Q1 ] ref
Q2 —a— 0.83 (0.57-1.22)
Q3 . 1.05 (0.71-1.57)
Q4 —— 0.62 (0.40-0.96)
Sex 0.08
Male Q1 [ ] ref
Q2 —— 0.94 (0.60-1.48)
Q3 . 1.03 (0.65-1.62)
Q4 —n— 0.69 (0.43-1.10)
Female Q1 [ ] ref
Q2 — 0.58 (0.35-0.98)
Q3 —— 0.72 (0.42-1.23)
Q4 —— 0.50 (0.26-0.96)
Ethnicity 0.01
White Q1 [ ] ref
Q2 —— 0.78 (0.54-1.11)
Q3 —— 0.86 (0.60-1.24)
Q4 —a— 0.65 (0.44-0.96)
Non-white Q1 [ ] ref
Q2 —_— 0.58 (0.17-2.00)
Q3 = 0.96 (0.30-3.05)
Q4 =+ 0.08 (0.01-0.58)
BMI (kg/m?) 0.79
<30 Q1 ] ref
Q2 — —— 0.94 (0.61-1.47)
Q3 —— 0.93 (0.60-1.44)
Q4 —- 0.52 (0.32-0.86)
230 Q1 ] ref
Q2 — 0.57 (0.33-0.97)
Q3 —_— 0.77 (0.43-1.37)
Q4 —— 0.69 (0.38-1.27)
Physical activity (MET-hour/week) 0.16
Below median ] ref
Q2 —— 0.44 (0.26-0.75)
Q3 ——— 0.73 (0.44-1.22)
Q4 ——— 0.52 (0.30-0.92)
Above median Q1 [ ] ref
Q2 —_— 1.07 (0.69-1.67)
Q3 . 1.04 (0.65-1.66)
Q4 —— 0.69 (0.41-1.14)
Smoking status 0.046
Never Q1 n ref
Q2 —— 0.46 (0.26-0.80)
Q3 —— 0.67 (0.39-1.14)
Q4 —— 0.51 (0.28-0.93)
Ever Q1 ] ref
Q2 — 0.99 (0.65-1.51)
Q3 — . 1.01 (0.64-1.59)
Q4 —— 0.65 (0.40-1.06)
I I I I I
0 1.0 2.0 25 30

Table 3 Sensitivity analysis for the association between serum IGF-1 concentrations and COVID-19 mortality after excluding 267 participants
with baseline cancer or cardiovascular disease

Quartile of log-transformed IGF-1 levels, OR (95% CI)* P-trend®  OR per 1-SD increment®  Adjusted OR per
1-SD increment?

Ql Q2 Q3 Q4

No. of cases 113 84 83 44
Model 1 Ref  0.73(0.51-1.06)  0.85(0.58-1.23)  0.46 (0.30-0.70)  0.002 0.80 (0.69-0.92) 0.75 (0.62-0.90)
Model 2 Ref  0.77 (0.53-1.12)  0.94 (0.64-1.38)  0.51 (0.33-0.80)  0.02 0.85 (0.73-0.98) 0.81 (0.67-0.98)
Model 2 plus  Ref  0.71 (0.47-1.08)  1.03 (0.68-1.57)  0.57 (0.35-0.91)  0.09 0.86 (0.73-1.01) 0.82 (0.66-1.01)

other factors®

OR, odds ratio; CI, confidence interval; ref, reference

#Model 1: adjusted for age at infection, sex, ethnicity. Model 2: additionally adjusted for Townsend deprivation index, body mass index, smoking

status, alcohol drinking, physical activity, and prevalent diabetes

bP-trend was based on the median value of each quartile of log-transformed IGF-1 levels as a continuous variable in the models

°SD was the standard deviation of log-transformed IGF-1 levels, which was 0.30

4ORs per SD increment were additionally corrected for the intraclass correlation coefficient (0.78) obtained from the subsample of participants
with repeat IGF-1 measurements

“Model 2 plus additional adjustment for serum glucose, cardiovascular risk factors (serum lipids, blood pressure, cholesterol lowering and anti-
hypertensive medication), and C-reactive protein. A total of 195 participants had missing data on serum glucose, lipids, or C-reactive protein
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Table 4 Sensitivity analysis for the association between serum IGF-1 concentrations and COVID-19 mortality with adjustment for waist circum-
ference instead of body mass index

Quartile of log-transformed IGF-1 levels, OR (95% CI)* P-trend®  OR per 1-SD increment®  Adjusted OR per
1-SD increment?

Q1 Q2 Q3 Q4

No. of cases 142 105 100 68
Model 1 Ref  0.70 (0.50-0.97)  0.76 (0.55-1.07)  0.53 (0.37-0.77)  0.001 0.84 (0.74-0.95) 0.80 (0.68-0.94)
Model 2 Ref  0.74 (0.53-1.04)  0.86 (0.61-1.21)  0.59 (0.40-0.85)  0.01 0.88 (0.78-0.99) 0.85 (0.72-0.99)
Model 2 plus ~ Ref  0.71 (0.49-1.03)  0.92 (0.64-1.33)  0.56 (0.37-0.84)  0.02 0.86 (0.74-0.98) 0.82 (0.68-0.98)

other factors®

OR, odds ratio; CI, confidence interval; Ref, reference

*Model 1: adjusted for age at infection, sex, ethnicity. Model 2: additionally adjusted for Townsend deprivation index, waist circumference,
smoking status, alcohol drinking, physical activity, and prevalent diabetes

®P_trend was based on the median value of each quartile of log-transformed IGF-1 levels as a continuous variable in the models

°SD was the standard deviation of log-transformed IGF-1 levels, which was 0.30

4ORs per SD increment were additionally corrected for the intraclass correlation coefficient (0.78) obtained from the subsample of participants

with repeat IGF-1 measurements

®Model 2 plus additional adjustment for serum glucose, cardiovascular risk factors (serum lipids, blood pressure, cholesterol lowering and anti-
hypertensive medications), and C-reactive protein. A total of 236 participants had missing data on serum glucose, lipids, or C-reactive protein
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