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Socioeconomic status, obesity, individual
behaviors, diabetes, and risk for frozen shoulder

A Mendelian randomization study
Wenwen Yang, MM?, Yanjiang Yang, MMP, Biao Han, MB¢¢

Abstract

There are few studies on risk factors for frozen shoulder, and even fewer Mendelian randomization (MR) studies on frog
shoulder. Therefore, we conducted a two-sample MR study to explore whether socioeconomic status (years of schooling,
average total household income before tax), obesity (body mass index and waist circumference), individual behaviors (smoking
initiation, alcohol intake frequency, coffee intake, nonoily fish intake, tea intake, beef intake, bread intake, cheese intake, oily
fish intake, and fresh fruit intake), and diabetes (type 1 and type 2 diabetes) are associated with frozen shoulder. The exposure
datasets and the outcome dataset were extracted from the MRC Integrative Epidemiology Unit at the University of Bristol
Open genome-wide association studies project (https://gwas.mrcieu.ac.uk/). We conducted MR analyses using the inverse
variance weighted (primary method), MR-Egger, and weighted median methods and conducted heterogeneity and pleiotropy
analyses. Type 1 diabetes (OR: 1.103; 95% Cl: 1.053-1.156; P = .0000410) was associated with an increased risk of frozen
shoulder. Cheese intake (OR: 0.490; 95% Cl: 0.267-0.899; P = .0218), non-oily fish intake (OR: 0.0993; 95% ClI: 0.0220-0.448;
P =.00267), years of schooling (OR: 0.453; 95% CI: 0.349-0.588; P = .00000000277), and average total household income
before tax (OR: 0.434; 95% ClI: 0.253-0.743; P = .00236) were discovered as protective factors. No horizontal pleiotropy was
found in all analyzes we performed (P > .05). Our study indicated that type 1 diabetes was a risk factor for frozen shoulder
while cheese intake, non-oily fish intake, years of schooling, and average total household income before tax were considered
as protective factors for frozen shoulder.

Abbreviations: GWAS = genome-wide association studies, IEU = the MRC Integrative Epidemiology Unit at the University of
Bristol, IVs = instrumental variables, IVW = inverse variance weighted, MR = Mendelian randomization, SNPs = single nucleotide

polymorphisms.

Keywords: diabetes, frozen shoulder, individual behaviors, Mendelian randomization, obesity, socioeconomic status

1. Introduction

Adhesive capsulitis of the shoulder, also known as frozen shoul-
der, is a self-limiting disease that usually resolves spontaneously
after 2 to 4 years.!"! Frozen shoulder often presents with stiff-
ness, inability to stretch, and pain. The term frozen shoulder
was first used in 1934 to describe pain on the affected side,
inability to sleep, limited activity, and normal imaging stud-
ies.l?! In 1945, Neviaser redefined it as “Adhesive capsulitis
of the shoulder”.’! The incidence of frozen shoulder is about
3%, and the incidence in childhood is very low." It is more
common in women between the ages of 40 and 70.15¢ Previous

Supported by Natural Science Foundation of Gansu Province (21JR1RA118)
and Gansu Provincial Youth Science and Technology Fund (21JR1RA107,
18JR3RA305).

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are
publicly available.

@ The First Clinical Medical College, Lanzhou University, Lanzhou, Gansu Province,
China, » Department of Rheumatology and Immunology, The People’s Hospital

of Qiandongnan Autonomous Prefecture, Kaili, Guizhou, China, ¢ Department

of Thoracic Surgery, The First Hospital of Lanzhou University, Lanzhou, Gansu
Province, China, ¢ Gansu Province International Cooperation Base for Research
and Application of Key Technology of Thoracic Surgery, The First Hospital of
Lanzhou University, Lanzhou, Gansu Province, China.

study has identified thyroid and adrenal function, and diabetes
as systemic risk factors for frozen shoulder.”? And a possible
genetic predisposition for frozen shoulder was found in a meta-
analysis.!®l A study has found a link between frozen shoulder
and Dupuytren disease.”’ Those researches on the risk factors
of frozen shoulder has been quite limited, so it is still of great
significance to explore the risk and protective factors of the
frozen shoulder by using the Mendelian randomization (MR)
method. MR is designed to study the causal effect between
exposure and outcome.!"”! The statistical nature of MR is to uti-
lize genetic variation (usually single nucleotide polymorphisms,
SNPs) irrelative to individual behaviors and environment as
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instrumental variables to identify causal relationships between
exposures and outcomes.!'®!! Although there are many MR
studies, few of them involve frozen shoulder, which is the main
purpose of our study.

2. Methods
2.1. Study design

MR is based on the following basic assumptions. First, the asso-
ciation assumption: the instrumental variables (IVs) must be
strongly correlated with the exposure factor. Second, the exclu-
sivity assumption: IVs cannot be directly related to the outcome.
Third, the independence assumption: IVs cannot be related to
any possible confounding factors. This study used the genome-
wide association studies (GWAS) summary data released by
the MRC Integrative Epidemiology Unit at the University of
Bristol (IEU) open GWAS project, which are derived from pub-
lished articles, UK Biobank and FinnGen biobank. All datasets
included in this study were anonymized, de-identified, and pub-
licly available, and therefore did not require the Ethical Review
Authority approval.

2.2. Instrument variables selection

SNPs related to socioeconomic status (years of schooling,
average total household income before tax), obesity (body
mass index and waist circumference), individual behaviors
(smoking initiation, alcohol intake frequency, coffee intake,
non-oily fish intake, tea intake, beef intake, bread intake,
cheese intake, oily fish intake, and fresh fruit intake), and
diabetes (type 1 diabetes and type 2 diabetes) were extracted
from the IEU GWAS database project (https://gwas.mrcieu.
ac.uk/), which was developed by the IEU at the University of
Bristol. we screened the SNPs were strongly associated with
exposures at the genome-wide significance level (P <35 x 10~
8), the linkage disequilibrium level (2 <0.001), and clump-
ing window > 10,000kb. We used the F statistic to ensure a
strong correlation between IVs and exposure, and it is gener-
ally believed that the F statistic >10 is considered to meet the
strong correlation requirement.!'? More information about
the exposure datasets is shown in Table 1.
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2.3. GWAS data for frozen shoulder

The summary statistics for frozen shoulder used in this study,
including 2942 case data and 167,641 control data, were
extracted from the FinnGen biobank by the IEU GWAS database
project. FinnGen study launched in Finland in 2017 is a study
that combines genome information with digital health care data.

2.4. Statistical analysis

The inverse variance weighted (IVW) method was used as the
main MR analysis method (the Wald ratio method was used if
only one SNP is eligible and the random-effects IVW method
was used as the major analytical method). As the method with
the strongest ability to detect causality in two-sample MR anal-
ysis,[3 the IVW method is widely used. We then compared the
consequences of the IVW method with other methods, includ-
ing the weighted median and MR-Egger methods, except for the
exposure “Qily fish intake” because only one SNP was eligible.
More information is in Table 1. We assessed the heterogeneity
of the IVW model using Cochran Q test. Potential heterogeneity
was indicated when Cochrane Q test P < .05. However, Cochran
Q-test P < .05 does not necessarily mean that the random effect
IVW model is invalid. MR-Egger regression was used to detect
directional pleiotropy because it allows a nonzero intercept.!'*!
Leave-one-out analyses were conducted to evaluate whether
there were single SNPs that strongly affected the causal rela-
tionship between exposures and outcome. The MR-PRESSO
method was then used to check and remove outliers. All ana-
lyzes were performed using the TwoSampleMR packages!’’! in
the R software (version 4.2.0).

3. Results

This study analyzed the causal relationship between
Socioeconomic status, obesity, individual behaviors, diabe-
tes, and frozen shoulder using 16 different exposure factors.
More information on exposures and outcome can be obtained
from Table 1. After the SNP filtering operation, the final num-
ber of SNPs used for each phenotype ranged from 1 to 475.
The F statistic ranges from 12.00 to 22655.09, indicating that
the instrumental variables we use meet the requirements of
strong correlation with the exposures. In the analysis using the

Information of the exposure and outcome datasets.

Exposure or outcome

Participants included in analysis

Body mass index

Waist circumference

Smoking initiation

Alcohol intake frequency

Coffee intake

Type 2 diabetes

Type 1 diabetes

Tea intake

Beef intake

Bread intake

Cheese intake

Non-oily fish intake

Qily fish intake

Fresh fruit intake

Years of schooling

Average total household
income before tax

Adhesive capsulitis of
shoulder

681,275 European-descent individuals
462,166 European-descent individuals
632,802 European-descent individuals
462,346 European-descent individuals
428,860 European-descent individuals
298,957 European-descent individuals
189,113 European-descent individuals
447,485 European-descent individuals
461,053 European-descent individuals
452,236 European-descent individuals
451,486 European-descent individuals
460,880 European-descent individuals
64,949 European-descent individuals

446,462 European-descent individuals
766,345 European-descent individuals
397,751 European-descent individuals

2942 adhesive capsulitis of shoulder cases
and 167,641 controls of European descent

Identified SNPs F-statistic IEU GWAS id
475 77.41865778 ieu-b-40
342 43,19888508 ukb-b-9405
83 171.3922051 ieu-h-4877
92 1151974417 ukb-h-5779
38 4175147731 ukb-b-5237
67 503.2514538 ebi-a-GCST007515
16 22655.08934 finn-b-E4_DM1
39 62.78192661 ukb-h-6066
14 27.84088854 ukb-bh-2862
25 38.33874056 ukb-b-11348
60 4488006354 ukb-b-1489
1 27.54398116 ukb-b-17627
1 11.99728714 ukb-b-10546
52 15.50163436 ukb-b-3881
295 54.7197388 ieu-a-1239
43 57.85854034 ukb-b-7408
NA NA finn-b-M13_
ADHCAPSULITIS

The information of the exposure and outcome datasets.
GWAS = genome-wide association studies; IEU = integrative epidemiology unit; SNPs = single-nucleotide polymorphism.
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IVW method, a total of 5 causal relationships were identified
(P < .05). And this study also showed the results of the weighted
median and MR-Egger methods.

We found that type 1 diabetes (OR: 1.103; 95% CI: 1.053-
1.156; P =.0000410) was associated with an increased risk of
frozen shoulder. This finding was further confirmed by the results
of the weighted median (OR: 1.109; 95% CI: 1.055-1.167;
P =.0000551) and MR-Egger (OR:1.113; 95% CI: 1.029-1.203;
P =.0178) model. Cheese intake (OR: 0.490; 95% CI: 0.267-
0.899; P =.0213), non-oily fish intake (OR: 0.0993; 95% Cl:
0.0220-0.448; P =.00267), years of schooling (OR: 0.453; 95%
CI: 0.349-0.588; P = .00000000277), and average total household
income before tax (OR: 0.434; 95% CI: 0.253-0.743; P = .00236)
were discovered as protective factors. Only non-oily fish intake
showed positive conclusions in the 3 models, years of schooling
and average total household income before tax only showed pos-
itive conclusions in the IVW and weighted median models, and
cheese intake only found positive results in the IVW model. More
results from these analyses are given in Table 2. Leave-one-out
analyses (Fig. 1) showed that these causal relationships were very
robust. Although heterogeneity was detected in some exposures,
the consequences of the MR-Egger intercept indicated that no
directional pleiotropy was detected (Table 2). As shown in Table 2,
the MR-PRESSO analysis consequences are highly consistent with
the IVW model, and an outlier was detected in Tea intake, and no
positive results were observed after removing the outlier.

4. Discussion

This MR analysis found that type 1 diabetes, non-oily fish
intake, years of schooling, and average total household income
before tax were associated with frozen shoulder risk and there
may be a causal relationship between cheese intake and frozen
shoulder. This study also indicated that body mass index, waist
circumference, smoking initiation, alcohol intake frequency, oily
fish intake, coffee intake, type 2 diabetes, tea intake, beef intake,
bread intake, and fresh fruit intake were not associated with
frozen shoulder. To our knowledge, there are few MR studies
for frozen shoulder. Therefore, our study is of great value in
understanding the risk factors and protective factors of frozen
shoulder.
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Although previous research has suggested a link between fro-
zen shoulder and diabetes, few studies have examined their rela-
tionship. A population-based follow-up study showed that the
risk of developing frozen shoulder was significantly increased
after developing diabetes (hazard ratio 1.33).' In addition, Lo
SF et al found that diabetes is an independent risk factor for
frozen shoulder.!'”l However, their study did not differentiate
between type 1 and type 2 diabetes. A study found that fro-
zen shoulder is more common in people with type 1 and type
2 diabetes, and people with type 2 diabetes have a higher risk
of developing frozen shoulder than people with type 1 diabe-
tes (22.4% vs 10.3%).1'" However, they included fewer people
with diabetes (291 with type 1 diabetes and 134 with type 2
diabetes), so their conclusions were not convincing. Therefore,
we included type 1 diabetes (including 5928 cases and 183,185
controls) and type 2 diabetes (48,286 cases and 250,671 con-
trols) in this study for analysis, and found a causal relationship
between type 1 diabetes and frozen shoulder. Although a causal
relationship between type 1 diabetes and frozen shoulder was
shown in the IVW, weighted median, and MR-Egger model, MR
is not a substitute for randomized controlled trials, but can only
be used as a supplement to randomized controlled trials.!"’!

To our knowledge, this study is the first to examine the rela-
tionship between socioeconomic status and frozen shoulder.
Several previous MR studies have involved socioeconomic fac-
tors. MR studies found that socioeconomic status (Educational
Attainment) was associated with COVID-19 severity,*” isch-
emic stroke,?!! mental disorders,?? and lung cancer.?)! This
research indicated that there is a causal relationship between
socioeconomic status and frozen shoulder. However, there may
be an extremely complicated mechanism between socioeco-
nomic status and frozen shoulder. We cannot simply say that
years of schooling and average total household income before
tax directly reduce the risk of frozen shoulder. risk, it is worth
noting. In a study from China, body mass index was found to be
related to the occurrence of frozen shoulder.?* This study found
that body mass index and waist circumference were not associ-
ated with frozen shoulder. In addition, in this study, it was found
that most factors in individual behaviors (smoking initiation,
alcohol intake frequency, coffee intake, tea intake, beef intake,
bread intake, oily fish intake, and fresh fruit intake) were not
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the results of Leave-one-out analyses (a) Type 1 diabetes (b)Cheese intake (c)Non-oily fish intake

(d)Average total household income before tax (e)Years of schooling.

Figure 1. The results of Leave-one-out analyses. the results of leave-one-out analyses: (A) type 1 diabetes, (B) cheese intake, (C) non-oily fish intake, (D) aver-

age total household income before tax, (E) years of schooling.
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related to frozen shoulder, only non-oily fish intake and cheese
intake were related to frozen shoulder.

Although our work demonstrated some causal relationship
between socioeconomic status, obesity, individual behaviors,
and diabetes in frozen shoulder, the interpretation of MR stud-
ies should be more prudent. The causality demonstrated by MR
reflects the effects of long-term or even lifetime exposure to risk
factors. Therefore there may be no clinical significance in short-
term exposure to risk factors.*! In addition, there is another
problem worth noting that MR cannot distinguish causality
between different periods. For example, a MR study found a
causal relationship between vitamin D and the risk of multiple
sclerosis. For example, a MR study found a causal relationship
between vitamin D and reduced risk of multiple sclerosis.?¢!
However, previous research has shown that this effect only
exists in childhood or earlier.*”! Therefore, we must be cautious
about the results of MR. First, univariate MR analysis does not
directly reveal the direct effect of exposures on outcomes, but
only the overall effect between them. There may be extremely
complex mechanisms between exposure and outcome. Secondly,
the conclusions of MR studies help to screen specific populations
susceptible to diseases, but there may be greater limitations in
guiding clinical intervention. Finally, the results of MR studies
cannot replace randomized controlled trials. As a supplement to
randomized controlled trials, they can verify past randomized
controlled trials and explore directions for future trials. MR
uses genetic variants as instrumental variables to infer the causal
relationship between exposure and outcome, which can effec-
tively overcome the bias caused by confounding and reverse
causality.l?’l We performed pleiotropic and sensitivity analysis to
ensure the accuracy of the conclusions of MR analysis. And we
used populations from Europe in both exposures and outcome
to avoid unnecessary bias.

Several limitations in this study are also worth noting. First,
F-statistics show that the instrumental variables we selected meet the
requirement of strong correlation with exposure (F-statistics > 10),
however, a considerable part of F-statistics is lower than 100, so
this may affect the accuracy of the results. And more GWAS data
can help avoid this problem. Second, this study used summary-
level GWAS data, so we were unable to perform gender-stratified
analysis. Third, for Cheese intake and Non-oily fish intake, it is
impossible to distinguish the impact of different types of cheese
and non-oily fish. Fourth, because of the lack of complete GWAS
data for some exposures, we did not perform reverse MR analysis.
Therefore, it is necessary to complete the two-way MR analysis
when the data requirements are met in the future.

5. Conclusion

Our research found that type 1 diabetes, cheese intake, non-oily
fish intake, years of schooling, and average total household income
before tax were associated with the occurrence of frozen shoulder.
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