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Causal analysis of body composition
measurements in osteoarthritis knee: a two-
sample mendelian randomization study
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Abstract
Background To analyse the causal associations of different physical measures with osteoarthritis knee (KOA).

Methods Exposure factors (weight, body mass index (BMI), body fat percentage, waist circumference, hip
circumference, waist—hip ratio (WHR), and basal metabolic rate (BMR)), and outcome factor KOA were analyzed by
inverse-variance weighted (VW) method, along with heterogeneity test, sensitivity and pleiotropy analyses. Meta-
analysis was used to combine the effect values of VW methods in different data sources.

Results Weight, BMI, body fat percentage, waist circumference, hip circumference and BMR analyses showed causal
association with increased KOA risk, while WHR analysis indicated a reduction of the incidence of KOA. P-value for all
the results was less than 0.05 and F-value large than 20. All results were negative for heterogeneity tests and sensitivity
analyses, and there was pleiotropy in weight and BMR. Meta-analysis results showed that the results of Odds Ratios
(95% Confidence Intervals) for Weight (1.43(1.35-1.51)), BMI (1.40(1.10-1.78)), body fat percentage (1.56(1.44-1.68)),
waist circumference (1.40(1.10-1.78)), hip circumference (1.37(1.30-1.44)), WHR (0.86(0.71-1.04)) and BMR (1.36(1.27-
1.46) were consistent with the ones by Mendelian randomization analyses.

Conclusions Body fat percentage may be a better indicator of KOA than BMI. In addition, weight and BMR may have
a causal effect in KOA, but WHR does not have a causal relationship. BMI, body fat percentage, waist circumference,
and hip circumference has a causal effect on KOA.
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Background

Osteoarthritis knee (KOA) is a chronic arthritic disease
characterized by degenerative lesions and osteophytes in
the knee cartilage [1, 2]. Clinical manifestations include
pain, restricted motion, joint deformity, and bone friction
sounds [3, 4]. With the population aging, the incidence
of KOA is anticipated to rise from 13.8 to 15.7% by 2032,
placing a huge burden on families and society [5, 6].

Several risk factors have been established to be caused
with KOA, including age, gender, previous knee injury,
occupational performance, and overweight or obesity.
Overweight or obesity has been found to have a temporal
causal association with the development and progression
of KOA in early cohort studies [7—9]. Overweight or obe-
sity is measured in various ways, such as body mass index
(BMI), body fat percentage, waist circumference, hip cir-
cumference, waist—hip ratio (WHR), and basal metabolic
rate (BMR). Although previous studies have found that
all these indicators are risk factors for KOA, their causal
relationship is not yet clear [10-12].

Mendelian randomization (MR) is a causal inference
approach that uses genetic variation as an instrumental
variable (IV); it is based on the principle of using the ran-
dom division and combination of gametes during sexual
reproduction to simulate the random assignment process
to the subject of the study [13, 14]. Katan was the first to
formulate a MR method for exploring the direct increase
in cancer risk cause with low serum cholesterol levels
[15]. In recent years, it has been widely used in the study
of causal associations in a variety of diseases [16—18].
MR uses IVs, usually single nucleotide polymorphisms
(SNPs), which are reliably caused with exposure and do
not vary with caused lifestyle or socio-economic factors,
and have the potential to confound traditional observa-
tional associations [19, 20]. Therefore, our study used
MR to explore the causal relationship between weight,
BM]I, body fat percentage, waist circumference, hip cir-
cumference, WHR, and BMR in KOA. Data from multi-
ple datasets for the same indicator were combined using
meta-analysis. Through exploring the causal association
between body composition measurements and KOA, it
can help to make relevant interventions in the clinic to
effectively prevent the development of KOA, and to make
the patients with KOA have better regression.

Methods

Study design

This study used MR to explore the causal relationship
between weight, BMI, body fat percentage, body fat per-
centage, waist circumference, hip circumference, WHR,
and BMR in KOA. Three assumptions need to be met in
order to minimise bias due to unobserved confounding,
measurement error, and reverse causality. They are (1)
relevance, where the IV is strongly correlated with the
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exposure factor; (2) independence, whereby the IV is not
correlated with the confounding factor; and (3) exclu-
sion restriction, there is no causal association between
the instrument variable and outcome independent of the
exposure [21]. An overview of the study design is shown
in Fig. 1. This study is reported following the STROBE-
MR guidelines.

Data sources

All analysed data are available in the IEU OpenGWAS
project for this study (https://gwas.mrcieu.ac.uk/). Expo-
sure factors were body composition measurements,
including weight, BMI, body fat percentage, waist cir-
cumference, hip circumference, WHR, and BMR. The
principle of selection was that the same exposure fac-
tor was selected, systematic and comprehensive search
for datasets on body composition measurements, with a
screening process that: (1) has a clear data source (e.g.,
GIANT, MRC-IEU, Neale Lab, Within family GWAS,
etc.); and (2) uses the most recent year of data for the
same data source. SNPs were from individuals of Euro-
pean origin, including both males and females. The
KOA outcome factor was derived from 29 999 696 SNPs
obtained from 403 124 European populations, which
were sequenced by Tachmazidou et al. and published in
the UK Biobank consortium [22]. Detailed information is
shown in Table 1.

Genetic instrument selection

To avoid strong linkage disequilibrium between SNPs,
then genome-wide significant SNPs with independent
and highly correlated exposure factors, as well as out-
come variables were selected as IVs. The genome-wide
information from the Thousand Genomes Project was
used as a reference to screen for IVs without linkage
effects [23]: (1) the parameters of weight, BMI, body fat
percentage, waist circumference, hip circumference,
WHR, and BMR datasets with genome-wide significance
were set to P<5x107% (2) the linkage disequilibrium
parameter (r?) was set to 0.001; and (3) the genetic dis-
tance was set to 10 MB, to screen for I'Vs without linkage
effects. Then, I'Vs that were apparently caused with KOA
were excluded from the screened IVs (P<0.05). At the
same time, the data were pre-processed so as to ensure
consistency in effects equivalence and effect sizes. Finally,
the strength of causal association of the genetic instru-
ments for each putative risk factor was quantified by the
F statistic (F=p%/se?) for all SNPs, to assess the power of
the SNPs, If the F-statistic is much greater than 10, the
likelihood of weak IV bias is small [24].

Statistical analysis
The MR analysis used the inverse-variance weighted
(IVW), MR-Egger, weighted median, simple mode, and
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Confounder
Instrument Variables Exposures Outcome
Weight
Basal Metabolic Rate ...
Body Fat Percentage
Waist Circumference 4
Waist-Hip Ratio
Hip Circumference
Body Mass Index
Fig. 1 Overview of the design of this Mendelian randomization (MR) study on body composition measurements and osteoarthritis knee
Table 1 Overview of the data sources of the instrumental variables used in the MR study
Expose/outcome  Dataset Year Population Sex Samplesize Numberof SNPs  Author Consortium
Weight ukb-b-11,842 2018  European Both 461,632 9,851,867 Ben Elsworth MRC-IEU
ukb-a-249 2017 European Both 336,227 10,894,596 Neale Neale Lab
Body mass index ieu-b-40 2018  European Both 681,275 2,336,260 Yengo, L GIANT
ukb-b-19,953 2018  European Both 461,460 9,851,867 Ben Elsworth MRC-IEU
ukb-a-248 2017 European Both 336,107 10,894,596 Neale Neale Lab
ieu-b-4816 2022 European Both 99,998 7,191,606 Howe LJ Within family GWAS
Body fat percentage ukb-b-8909 2018  European Both 454,633 9,851,867 Ben Elsworth MRC-IEU
ukb-a-264 2017 European Both 331,117 10,894,596 Neale Neale Lab
Waist circumference  ukb-b-9405 2018  European Both 462,166 9,851,867 Ben Elsworth MRC-IEU
ukb-a-382 2017 European Both 336,639 10,894,596 Neale Neale Lab
jeu-a-61 2015  European Both 232,101 2,565,408 Shungin D GIANT
Hip circumference  ukb-b-15,590 2018  European Both 462,117 9,851,867 Ben Elsworth MRC-IEU
ukb-a-388 2017  European Both 336,601 10,894,596 Neale Neale Lab
ieu-a-49 2015  European Both 213,038 2,559,739 Shungin D GIANT
Waist-hip ratio jeu-a-73 2015  European Both 212,244 2,560,782 Shungin D GIANT
ieu-b-4830 2022 European Both 85,978 7,908,954 Howe LJ Within family GWAS
Basal metabolic rate  ukb-b-16,446 2018  European Both 454,874 9,851,867 Ben Elsworth MRC-IEU
ukb-a-268 2017 European Both 331,307 10,894,596 Neale Neale Lab
Knee osteoarthritis  ebi-a-GCST007090 2019  European Both 403,124 29,999,696 Tachmazidou| UK Biobank

SNPs: single nucleotide polymorphisms, Both: Males and Female

weighted mode methods. IVW method is the primary
statistical method and the other four methods are sup-
plementary statistical methods. Heterogeneity was tested
by the IVW and MR-Egger methods. The leave-one-
out method was applied to sensitivity analyses, which
explored the effect of a single SNP on causal associations

by excluding each SNP. MR pleiotropy test function was
performed to ensure that the results were free of hori-
zontal pleiotropy, the intercept term of the MR-Egger
regression was used to test for the presence of pleiot-
ropy, and when p-value>0.05, it can be assumed that
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no pleiotropy exists. MR analysis was based on R (4.1.2)
software, applying the “TwoSampleMR” package.

To increase the generalisability and persuasiveness
of the results of the MR analyses, Meta- analyses were
used to combine IVW values from different data sources.
Meta-analysis was conducted by Stata (12.00) software to
combine the odds ratio (OR) values of the IVW results.
Heterogeneity between studies adopted y” test are com-
bined with 2 for qualification. When <50% and P>0.1,
the heterogeneity between studies was small and a fixed-
effects model was used for statistical analysis; otherwise,
a random-effects model was used.

Results

Weight

The MRC-IEU consortium’s dataset was screened to
select a total of 298 SNPs as I'Vs. The IVW results showed
that weight was causally related to an increased risk of
KOA (OR=1.47, 95% confidence interval [CI]=1.36—
1.59). A total of 199 SNPs were included as IVs in the
Neale Lab consortium’s dataset. The IVW results were
consistent with the former (OR=1.39, 95% CI=1.28—
1.51) (Table 2).

Body mass index

The dataset of MRC-IEU consortium’s dataset was fil-
tered and included a total of 249 SNPs as IVs. The IVW
results exhibited that BMI were determined to have a
potential positive causal effect on KOA (OR=1.55, 95%
CI=1.43-1.67). A total of 176 SNPs in the Neale Lab
consortium’s dataset, 308 SNPs in the GIANT consor-
tium’s dataset and 24 SNPs in the within family GWAS
consortium’s dataset served as IVs, among which the
IVW analyses showed similar results (OR=1.56, 95%
CI=1.44-1.69), OR=1.50, 95% CI=1.39-1.62), and
OR=1.06, 95% CI=1.04-1.10), respectively (Table 3).
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Body fat percentage

235 SNPs and 151 SNPs were separately collected to
serve as IVs from the dataset of MRC-IEU consortium
and the Neale Lab consortium’s dataset. The IVW results
displayed that body fat percentage was caused with an
elevated incidence of KOA ((OR=1.57, 95% CI=1.42—
1.75) and (OR=1.53, 95% CI=1.37-1.72)) (Table 4).

Waist circumference

A total of 215 SNPs was selected as I'Vs from the MRC-
IEU consortium’s dataset. The causal assessment from
the IVW results displayed that waist circumference had
a causal relation with increased risks of KOA (OR=1.60,
95% CI=1.46—-1.77). The Neale Lab consortium’s dataset
was screened to select a total of 122 SNPs as IVs, while
the GIANT consortium’s dataset selected 122 SNPs. The
causal assessment from the IVW method revealed an OR
(95% CI) value of 1.53 (1.37-1.71) and an OR (95% CI)
value of 1.33 (1.14-1.55), respectively, exhibiting similar
trends (Table 5).

Hip circumference

259 SNPs were identified as IVs from the dataset of
MRC-IEU consortium. IVW results showed hip circum-
ference was causally related to an increased risk of KOA
(OR=1.39, 95% CI=1.30-1.50). In the Neale Lab con-
sortium’s dataset, a total of 166 SNPs were included as
IVs after screening. The IVW results showed a similar
trend (OR=1.35, 95% CI=1.24—1.46). A total of 30 SNPs
were included as IVs in the GIANT consortium’s data-
set and the IVW results showed an OR (95% CI) value of
1.34 (1.17-1.54), which were consistent with the former
(Table 6).

Waist-hip ratio

22 SNPs and 10 SNPs were selected as I'Vs in the GIANT
consortium’s dataset and the within family GWAS con-
sortium’s dataset, respectively. The IVW results disclosed
WHR was caused with an decreased incidence of KOA

Table 2 Mendelian randomization results in causal association between weight and KOA

Expose Consortium SNPs Method OR (95%Cl) Pettect Phieterogeneity Pintercept F statistic
Weight MRC-IEU 298 VW 147(1.36-1.59) 138%x1072 093 0.16 59.43
MR Egger 1.25(0.98-1.58) 7.18x1072 093
Weighted median 1.56(1.38-1.75) 272%107"3
Simple mode 1.98(1.35-2.89) 499%107*
Weighted mode 1.70(1.21-2.40) 245%x1073
Neale lab 199 VW 1.39(1.28-1.51) 1.16x 1071 098 0.04 53.59
MR Egger 1.08(0.84-1.38) 556%107" 0.99
Weighted median 1.43(1.26-1.62) 151%x107°8
Simple mode 1.79(1.25-2.56) 184x1073
Weighted mode 1.62(1.18-1.83) 343%x1073

SNPs: single nucleotide polymorphisms, OR: odds ratio (OR=1 Exposure does not affect odds of outcome, OR>1 Exposure caused with higher odds of outcome,
OR< 1 Exposure caused with lower odds of outcome), Cl: confidence interval, IVW: inverse-variance weighted. P . ;: Mendelian randomisation results in p-values;
P Heterogeneity- Heterogeneity test; P Intercept* pleiotropy analysis; F i,gtic: F values
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Table 3 Mendelian randomization results in causal association between BMI and KOA
Expose  Consortium SNPs Method OR (95%Cl) Pettect Phieterogeneity Pintercept F statistic
BMI GIANT 308 VW 1450(1 39-162)  552x107% 0.98 081 66.29
MR Egger 147(1 83) 7.51x107* 0.98
Weighted median 153(1 73)  276x10712
Simple mode 2.22(1.59~ 311) 417x1078
Weighted mode 1.62(1.28— 204) 6.04%x107°
MRC-IEU 249 VW 1.55(1.43-1.67) 159%10°% 1.00 0.23 57.03
MR Egger 1.34(1.05-1.71) 2.10%1072 1.00
Weighted median 1.55(1 74)  228x10°"13
Simple mode 1.79(1.32- 243) 2.06x107*
Weighted mode 1.60(1.24-2.07) 401x107*
Neale lab 176 VW 1.56(1.44-1.69) 3.09%107% 1.00 0.21 4995
MR Egger 1.31(0.98-1.74) 6.56x 1072 1.00
Weighted median 1.60(1.41-1.81) 485%x10° "
Simple mode 1.88(1.38-2. 55) 830%x107°
Weighted mode 1.65(1.27-2. 15) 295x107*
Within family GWAS 24 VW 1.07(1 10) 7.11x107° 0.89 0.95 4977
MR Egger 1.07(0.97-1.18) 1.91x107" 0.85
Weighted median 1.08(1.04-1.12) 144x107%
Simple mode 1.08(1.02-1.15) 2.33%x1072
Weighted mode 1.08(1.02-1.14) 1.82x1072

SNPs: single nucleotide polymorphisms, OR: odds ratio (OR=1 Exposure does not affect odds of outcome, OR>1 Exposure caused with higher odds of outcome,
OR< 1 Exposure caused with lower odds of outcome), CI: confidence interval, IVW: inverse-variance weighted. P g«...: Mendelian randomisation results in p-values;

P Heterogeneity: Heterogeneity test; P .t Pleiotropy analysis; F i,issic: F values

Table 4 Mendelian randomization results in causal association between body fat percentage and KOA

Expose Consortium  SNPs Method OR (95%Cl) Petrect P\ieterogeneity Pintercept F statistic
Body Fat Percentage  MRC-IEU 235 VW 1 57(1 42-175 223x107"7 097 046 53.86
MR Egger 38(0.94-2.00) 986x1072 096
Weighted median 65(141-192)  211x107'°
Simple mode 42(1 49-3.94) 461%x1074
Weighted mode 84(1.22-2.76) 3.75%1073
Neale Lab 151 VW 53(1.37-1. 72) 364x107% 088 0.07 4752
MR Egger 99( 62) 9.75% 107" 091
Weighted median 57(1.32-1 85) 204%x1077
Simple mode 48(0.89-2.45) 130x107"
Weighted mode 1.81(1.11-2.96) 191%x1072

SNPs: single nucleotide polymorphisms, OR: odds ratio (OR=1 Exposure does not affect odds of outcome, OR>1 Exposure caused with higher odds of outcome,
OR< 1 Exposure caused with lower odds of outcome), Cl: confidence interval, IVW: inverse-variance weighted. P ¢..;: Mendelian randomisation results in p-values;

P Heterogeneity: Heterogeneity test; P yorcepy: PleiOtropy analysis; F gp,ggic: F values

((OR=0.86, 95% CI=0.71-1.05) and (OR=0.35, 95%
CI=0.01-8.31)) (Table 7).

Basal metabolic rate

329 SNPs and 225 SNPs were separately included as IVs
in the MRC-IEU consortium’s dataset and the Neale Lab
consortium’s dataset. The IVW results revealed BMR was
causally related to an increased risk of KOA, ((OR=1.39,
95% CI=1.26-1.52) and (OR=1.33, 95% CI=1.21-1.46))
(Table 8).

Meta-analysis results
Meta-analysis was used to combine the results of the
different datasets in Fig. 2. As expect, the results of OR

trends were consistent with the ones from MR analyses
For weight, meta-analysis showed /*=0.00% and a fixed
effects model was used with an OR (95% CI) of 1.43
(1.35-1.51). For BMI, meta-analysis revealed I*=98.40%,
so a random effects model was used with an OR of 1.40
(1.10-1.78). At the same time, excluding data sets from
sources with large heterogeneity (within family GWAS
consortium’s jeu-b-4816 dataset), meta-analysis exam-
ined I=0.00%, hence a fixed effects model was used with
an OR of 1.54 (1.47-1.61). For body fat percentage, as
meta-analysis showed >=0.00%, the fixed effects model
was used with an OR of 1.56(1.44—1.68). For waist cir-
cumference, meta-analysis indicated ?=52.80%, there-
fore a random effects model was applied with an OR of
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Table 5 Mendelian randomization results in causal association between waist circumference and KOA
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Expose Consortium  SNPs Method OR (95%Cl) Pttect Phieterogeneity Pintercept F statistic
Waist circumference  MRC-IEU 215 VW 160(146-177)  143x1077 1.00 0.65 50.96
MR Egger 1.49(1.07-2.08) 187x1072  1.00
Weighted median 1 67( 43-193) 187x107"
Simple mode 51(0.98-2.32) 6.09x 1072
Weighted mode 1. 70( 22-2.38) 209%x1073
Neale lab 122 VW 153(137-1.71)  348x107'* 099 0.79 4816
MR Egger 1.45(0.96-2.19) 801x1072 099
Weighted median 1.59(1.37-1.85) 164%x107°
Simple mode 1.75(1.19-2.59) 561x1073
Weighted mode 1.73(1.18-2.53) 280x1073
GIANT 23 VW 1.33(1.14-1.55) 300x107% 094 035 5229
MR Egger 1.73(0.98-3.08) 738x1072 095
Weighted median 1.48(1.21-1.80) 100x 1074
Simple mode 1.52(1.05-2.20) 3.87%x1072
Weighted mode 1.53(1.12-2.09) 140x1072

SNPs: single nucleotide polymorphisms, OR: odds ratio (OR=1 Exposure does not affect odds of outcome, OR>1 Exposure caused with higher odds of outcome,
OR< 1 Exposure caused with lower odds of outcome), CI: confidence interval, IVW: inverse-variance weighted. P ¢4...: Mendelian randomisation results in p-values;
P Heterogeneity: Heterogeneity test; P .t Pleiotropy analysis; F i,issic: F values

Table 6 Mendelian randomization results in causal association between hip circumference and KOA

Expose Consortium SNPs Method OR (95%(Cl) Petrect Pyieterogeneity Pintercept F statistic
Hip circumference MRC-IEU 259 VW 1.39(1.29-1.50) 134x107" 0.88 0.83 56.18
MR Egger 1.36(1.07-1.71) 1151072 087
Weighted median 1.52(1.36-1.70) 355%x107 "3
Simple mode 1.90(1.34-2.70) 3501074
Weighted mode 1.65(1.26-2.16) 2.85x107*
Neale lab 166 VW 1.35(1.24-1.46) 140%1071? 0.97 0.97 5033
MR Egger 1.34(1.02-1.77) 380x1072 096
Weighted median 147(130-165)  1.88x107"°
Simple mode 1.63(1.17-2.26) 455%1073
Weighted mode 159(1.18-2.14)  2.84x107%°
GIANT 30 A% 1.34(1.17-1.54) 202x107° 0.70 0.71 47.62
MR Egger 1.22(0.74-2.02) 440x107! 0.66
Weighted median 1.48(1.23-1.79) 487x107°
Simple mode 1.52(1.06-2.19) 324%1072
Weighted mode 1.53(1.12-2.09) 126%x1072

SNPs: single nucleotide polymorphisms, OR: odds ratio (OR=1 Exposure does not affect odds of outcome, OR>1 Exposure caused with higher odds of outcome,
OR< 1 Exposure caused with lower odds of outcome), Cl: confidence interval, IVW: inverse-variance weighted. P ¢.;: Mendelian randomisation results in p-values;
P Heterogeneity: Heterogeneity test; P yorcepy: PleiOtropy analysis; F gp,ggic: F values

Table 7 Mendelian randomization results in causal association between WHR and KOA

Expose  Consortium SNPs Method OR (95%CI) Pettect Phieterogeneity Pintercept F statistic
WHR GIANT 22 VW 0.86(0.71-1.05) 132x107" 037 0.75 39.55
MR Egger 0.71(0.20- 247) 591x107! 032
Weighted median 0.85(0.65-1.12) 2.54%107"
Simple mode 0.90(0 50-1.60) 7.16x107"
Weighted mode 0.88(0.51-1.53) 6.56x 107"
Within family GWAS 10 VW 0.35(0.0 831) 515%107" 0.16 061 62.69
MR Egger 0.65(0.00-76.94) 470%x 107! 0.13
Weighted median 0.09(0.00-341) 1.99%107"
Simple mode 0.54(0.00-457.15)  863x 107"
Weighted mode 0.10(0.00-7.98) 333x107!

SNPs: single nucleotide polymorphisms, OR: odds ratio (OR=1 Exposure does not affect odds of outcome, OR>1 Exposure caused with higher odds of outcome,
OR< 1 Exposure caused with lower odds of outcome), Cl: confidence interval, IVW: inverse-variance weighted. P ¢.;: Mendelian randomisation results in p-values;
P Heterogeneity: Heterogeneity test; P yyeercept: pleiotropy analysis; F s;.s1ic: F values
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Table 8 Mendelian randomization results in causal association between BMR and KOA
Expose Consortium SNPs Method OR (95%Cl) Pettect Phieterogeneity Pintercept F statistic
BMR MRC-IEU 329 VW 1.39(1.27-1.52) 297x10712 0.84 0.24 68.99
MR Egger 1.22(0.97-1.54) 883x1072 085
Weighted median 1.40(1.21-1.63) 537%x107°
Simple mode 1.65(1.02-2.68) 440x1072
Weighted mode 1.57(1.09-2.26) 149%1072
Neale lab 225 VW 1.33(1.21-1.46) 375x107° 0.52 0.04 62.39
MR Egger 1.05(0.82-1.35) 677107 058
Weighted median 1.39(1.20-1.62) 1.87%x107°
Simple mode 167(1.07-2.61) 2.55% 1072
Weighted mode 1.54(1.04-2.28) 3.08x 1072

SNPs: single nucleotide polymorphisms, OR: odds ratio (OR=1 Exposure does not affect odds of outcome, OR>1 Exposure caused with higher odds of outcome,
OR< 1 Exposure caused with lower odds of outcome), CI: confidence interval, IVW: inverse-variance weighted. P ¢¢...: Mendelian randomisation results in p-values;

P Heterogeneity: Heterogeneity test; Py eercept: pleiotropy analysis; F s;,s1ic: F values

Expose Dataaset Consortium OR(95%)
Weight ukb-b-11842 MRC-IEU . —— 1.47(1.36-1.59)
ukb-a-249 Neale Lab . —— 1.39(1.28-1.51)
Meta Analyse . —— 1.43(1.35-1.51)
Body Mass Index ukb-b-19953 MRC-IEU . —— 1.55(1.43-1.67)
ukb-a-248 Neale Lab . —— 1.56(1.44-1.69)
ieu-b-40 GIANT . —— 1.50(1.39-1.62)
ieu-b-4816 Within family GWAS L 1.06(1.04-1.10)
Meta Analyse . * 1.40(1.10-1.78)
Body Fat Percentage ukb-b-8909 MRC-IEU d —— 1.57(1.42-1.75)
ukb-a-264 Neale Lab . —— 1.53(1.37-1.72)
Meta Analyse . — 1.56(1.44-1.68)
Waist Circumference ukb-b-9405 MRC-IEU . —— 1.60(1.46-1.77)
ukb-a-382 Neale Lab . — 1.53(1.37-1.71)
ieu-a-61 GIANT . —_—— 1.33(1.14-1.55)
Meta Analyse . — 1.40(1.10-1.78)
Hip Circumference ukb-b-15590 MRC-IEU * —— 1.39(1.30-1.50)
ukb-a-388 Neale Lab . — 1.35(1.24-1.46)
ieu-a-49 GIANT . —_— 1.34(1.17-1.54)
Meta Analyse . —— 1.37(1.30-1.44)
Waist-Hip Ratio ieu-a-73 GIANT —— 0.86(0.71-1.05)
ieu-b-4830 Within family GWAS - 0.35(0.01-8.31)
Meta Analyse —— 0.86(0.71-1.04)
Basal Metabolic Rate ukb-b-16446 MRC-IEU . — 1.39(1.26-1.52)
ukb-a-268 Neale Lab . — 1.33(1.21-1.46)
Meta Analyse . — 1.36(1.27-1.46)
0 0.2 0.4 0.6 038 1 12 14 1.6 1.8 2

Fig. 2 Meta-analysis of VW method results from different data sources for body composition measurements

1.40 (1.10-1.78). For hip circumference, meta-analysis
showed 2=0.00% and a fixed effects model was used with
an OR of 1.37 (1.30-1.44). For WHR, >=0.00% in meta-
analysis and an OR of 0.86 (0.71-1.04) with a fixed effects
model. For BMR, as meta-analysis showed I*=0.00%,
the fixed effects model was used with an OR of 1.36
(1.27-1.46).

Sensitivity analysis

The accuracy of the results between the body composi-
tion measurements and KOA were evaluated by sensitiv-
ity analysis. No significant heterogeneity was identified
Tables 2, 3, 4, 5, 6, 7 and 8. Among the body composi-
tion measurements, the IVW intercept tests showed

no evidence of pleiotropy, mostly (P>0.05) Tables 2, 3,
4, 5, 6, 7 and 8, however, for weight and BMR analysis,
the Neale Lab consortium’s dataset was found to have an
insignificant pleiotropic analysis. The F value was greater
than 40, proving no weak IV bias Tables 2, 3, 4, 5, 6, 7
and 8. Moreover, the MR estimation results predicted by
leave-one-out analysis were not driven by specific SNPs.

Discussion

Our study used MR to explore the causal association
between body composition measurements from differ-
ent data sources and KOA, body measurements mainly
include weight, BMI, body fat percentage, waist circum-
ference, hip circumference, WHR, and BMR. Meanwhile,
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in order to reduce the bias due to a single dataset, the
content and quality of the article were increased to
improve the credibility of the results. We used Meta-
analysis to combine IVW results for the same body com-
position measurements from different data sources, and
the combined results showed that the ORs for Weight,
BM]I, body fat percentage, waist circumference, hip cir-
cumference, WHR and BMR were 1.43 (1.35-1.51),
140 (1.10-1.78), 1.56 (1.44-1.68), 1.40 (1.10-1.78),
1.37 (1.30-1.44), 0.86 (0.71-1.04), and 1.36 (1.27-1.46),
respectively. and it was found that body fat percentage
may be a better response to KOA than the BMI.

There are a number of variables that influence the risk
of KOA, with age, gender, and weight being the main
factors [25, 26]. However, numerous early studies have
demonstrated that there are multiple risk factors for the
development and progression of KOA [27]. Zheng et
al. found that obesity and overweight were significantly
caused with the risk of KOA, with each 5 kg/m? increase
in BMI caused with a 35% increase in the risk of KOA
[28]. In recent years, studies have revealed that other
indicators regarding body composition measurements
may also be risk factors of KOA while such indicators are
also easy to measure and apply [29, 30]. Therefore, our
study used MR to explore the causal analysis of weight,
BMI, body fat percentage, waist circumference, hip cir-
cumference, WHR, and BMR with KOA. Wang et al.
investigated the causal associations of obesity related
anthropometric indicators and body compositions with
knee and hip osteoarthritis [29, 30]. Contrary to the
study, we used more datasets; in parallel, the sample
was restricted to all sources of European origin which
included males and females so as to avoid the influence of
population issues on the results. The dataset was selected
for the same exposure factor with the most recent year
and a clear source, with a view to reducing the problem of
bias through such a screening process. Finally, meta-anal-
ysis was used to combine the results of different dataset
for the same indicator, in turn increasing the effect values
to obtain reliable results.

Weight had been found to have a temporal causal effect
in KOA in a large number of earlier studies [31, 32], but
the results of the pleiotropic analysis of the Neale Lab
consortium’s dataset in this study found a pleiotropic
effect. The results of the MRC-IEU consortium’s dataset
suggested a causal effect of weight in KOA, and the com-
bined results had an OR of 1.43 (1.35-1.51), therefore
weight in KOA might have a causal effect.

On this basis, we further explored the causality of other
indicators for KOA. The causal relationship between BMI
and KOA was demonstrated in a previous cohort study
by Wills et al. and Funck-Brentano et al. [9, 23], in which
the risk of KOA was found to accumulate into adult-
hood through exposure to high BMI. Our four datasets
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(five datasets existed in the search, one of which was the
UK Biobank with exclusions because only one SNP was
screened out) showed causal relationships between BMI
and KOA, and the combined results showed an OR of
1.40 (1.10-1.78), but with high heterogeneity; exclusion
of the heterogeneous datasets resulted in an OR of 1.54
(1.47-1.61), further clarifying the strength of the causal
relationship.

Both datasets for body fat percentage suggested a
causal relationship. Earlier studies by Long et al. found
that both fat mass and fat percentage might be risk fac-
tors for KOA [33], and Karlsson et al. found a correlation
between a higher percentage of fat mass and idiopathic
KOA [34], further demonstrating a causal relationship
between body fat percentage and KOA, with a combined
OR of 1.56 (1.44-1.68), which was 0.16-times higher
than the combined OR for BMI. When sensitivity analy-
ses were performed using the leave-one-out method for
BMI, the OR (95% CI) value after excluding the Within
family GWAS dataset, which had the greatest heteroge-
neity, was 1.54 (1.30, 1.83), which was still smaller than
the meta-analysis results for body fat percentage. This sit-
uation suggested that body fat percentage may be a better
indicator for KOA than BMI, possibly because body fat
percentage focused more on measuring body fat content.
Whereas BMI was weight (kg)/height (m)?, which did
not accurately describe the distribution of body fat and
not distinguish between fat and muscle content. While
muscle mass increase was a protective factor for KOA, fat
mass increase was a KOA risk factor. Given that body fat
percentage and BMI had a causal relationship with KOA,
and both were able to account for the development and
progression of KOA, using body fat percentage might be
preferable to BMI.

Waist circumference and hip circumference was
strongly correlated with KOA in the Vasilic-Brasnjevic S
et al. study, and Holliday et al. found that both waist cir-
cumference and hip circumference were caused with the
risk of developing KOA [30, 35]. Our study further dem-
onstrated a causal relationship between waist circumfer-
ence, hip circumference, and KOA in different datasets.
However, the results of WHR in both datasets suggested
that there was no causal relationship with KOA. In the
previous studies, the findings on WHR were inconsistent.
Holliday et al. found that WHR was not caused with KOA
[35], but Lohmander et al. found an RR (risk ratio) of 2.2
for WHR [36]. On the other hand, Gandhi et al. found the
RR of being obese [10], as determined by WHR if classi-
fied as obese by the BMI criteria, was 1.04 for men and
1.23 for women, suggesting that the causal relationship
between WHR and KOA might be influenced by gender
factors and requires further study.

In the two datasets for BMR analysis, the Neale Lab
consortium’s dataset was found to have a statistically
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significant pleiotropic analysis, and the MRC-IEU con-
sortium’s dataset suggested a causal relationship between
BMR and KOA, with a combined OR of 1.36 (1.27-1.46).
Therefore, BMR might have a causal effect in KOA. How-
ever, BMR was influenced by a number of factors, such
as body surface area, growth stage, gender, nutrition, and
functional status, thus was expected further analysis.

There were some limitations should be mentioned in
this study. The sources of datasets for different physical
measures were inconsistent, with four datasets present
for some indicators and two datasets for others, which
might have impacted the results. The discrepancy in find-
ings due to gender differences evident in previous stud-
ies of the WHR, and failing to analyse gender separately,
might also be insufficient in other measures. The datas-
ets were all from European populations, so the findings
may be applicable only in European populations and be
of limited use for other populations. MR assumed a linear
relationship between exposure factors and outcome fac-
tors, and did not apply if there was no linear relationship
between the two.

Conclusion

In summary, our study used MR to explore the causal
relationships between weight, BMI, body fat percent-
age, waist circumference, hip circumference, WHR, and
BMR in KOA. Additionally, we used meta-analysis to
combine the results of different datasets and to enhance
the strength of their causal associations. We found that
weight and BMR might have a causal effect on KOA, but
WHR did not. BMI, body fat percentage, waist circum-
ference, and hip circumference had a causal relationship
with KOA. Additionally, body fat percentage might be a
better indicator of KOA than BMI.
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