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Abstract

BACKGROUND: The role of sex hormone-binding globulin (SHBG) levels in clinical risk 

stratification and intervention for coronary heart disease (CHD) remains uncertain. We aimed to 

examine whether circulating levels of SHBG are predictive of CHD risk in men and women.

METHODS: We investigated the association between SHBG and the risk of incident CHD 

in 128 322 men and 135 103 women free of CHD at baseline in the prospective United 

Kingdom Biobank (UKB) cohort. The unconfounded associations were estimated using Mendelian 

randomization (MR) analysis. We further conducted a meta-analysis to integrate currently 

available prospective evidence. CHD events included nonfatal and fatal myocardial infarction and 

coronary revascularization.

RESULTS: In the UKB, during a median of 11.7 follow-up years, 10 405 men and 4512 

women developed CHD. Serum levels of SHBG were monotonically associated with a decreased 

risk of CHD in both men (adjusted hazard ratio [HR] per log nmol/L increase in SHBG: 0.88 

[0.83–0.94]) and women (HR: 0.89 [0.83–0.96]). MR-based analyses suggested causality and 

a dose-response relationship of SHBG with CHD risk. A cumulative meta-analysis including 

216 417 men and 138 282 women from 11 studies showed that higher levels of SHBG were 

prospectively associated with decreased CHD risk in men comparing the highest with the lowest 

quartile: pooled relative risk (RR) 0.81 (0.74–0.89) and women (pooled RR: 0.86 [0.78–0.94]).

CONCLUSIONS: Higher circulating SHBG levels were directly and independently predictive of 

lower CHD risk in both men and women. The utility of SHBG for CHD risk stratification and 

prediction warrants further study.

Introduction

Sex hormone binding globulin (SHBG) was first identified as the principal protein regulating 

the bioavailability of sex hormones by binding circulating testosterone and estradiol with 

high affinity (1, 2). Our previous work in several large prospective cohorts has shown low 
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circulating levels of SHBG as a strong predictor for risks of type 2 diabetes (T2D) and 

metabolic syndrome in men and women, naturally leading to the expectation that low SHBG 

would be associated with high risk of cardiovascular diseases (3–6). A recent study also 

confirmed that low SHBG could be a biomarker of metabolic dysfunction, for example de 

novo lipogenesis, in the liver and that SHBG is an hepatokine, playing a direct and causal 

role in the pathogenesis of T2D (7, 8). T2D, dyslipidemia, and metabolic syndrome are 

well-defined risk factors for coronary heart disease (CHD), and they share similar metabolic 

pathology mechanisms (9, 10). However, previous studies have shown either positive (11–

14), negative (15–17), or null (18–20) associations of the levels of SHBG with CHD risk, 

with limited data in women.

Given the observational nature of previous study designs, these findings on the SHBG-

CHD association may have been biased by sample selection, confounding factors, or 

reverse causality. Thanks to the increasing number of genome-wide association studies, 

Mendelian randomization (MR) based analysis can now be readily employed to estimate the 

strength of “unconfounded” associations using single nucleotide polymorphisms (SNPs) as 

randomization instruments for specific exposures of interest (e.g., SHBG). Given that alleles 

of SNPs are randomly assigned and fixed at conception, MR is considered analogous to a 

randomized controlled trial, supporting causal estimates of exposure on outcome (21).

To clarify the associations of SHBG with CHD risk, we comprehensively assessed all 

observational data available to date relating circulating levels of SHBG to CHD risk in men 

and women and then performed MR-based analyses with SHBG-related genetic variants as 

instruments to aid in causal inference.

Methods

STUDY DESIGN

This study consisted of 3 sequential parts, with the aim to elucidate the sex-specific 

association of SHBG with the risk of CHD. First, we investigated the prospective association 

between serum levels of SHBG and the risk of incident CHD in men and women in the 

United Kingdom Biobank (UKB) cohort. Second, we performed an MR-based analysis to 

further determine the unconfounded association between levels of SHBG and CHD risk 

by utilizing recently identified SHBG-related sex-specific genetic variants as instrumental 

variables. Third, we conducted a meta-analysis to comprehensively evaluate sources of 

heterogeneity and calculate summary statistics integrating available studies linking SHBG to 

CHD risk.

STUDY POPULATION

The UKB is a large cohort study with >500 000 participants ages 40 to 69 years 

recruited from 22 assessment centers across the United Kingdom in 2006–2010. Detailed 

information on UKB is provided elsewhere (22). We excluded participants based on the 

following criteria: (a) with diagnosed cardiovascular diseases or cancers at baseline; (b) 

with prior pituitary disease, infertility, orchidectomy, or congenital adrenal hyperplasia 

or receiving androgen, anti-androgen, or other hormone therapy; (c) without measured 
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serum levels of SHBG; (d) without genetic data or genotyping quality control data; (e) 

with sex discordance between self-reported and genetically predicted sex; (f) with extreme 

heterozygosity indicating poor DNA sample quality; (g) with sex chromosome aneuploidy; 

(h) with genetic kinship to other participants (10 or more third-degree relatives identified); 

and (i) with >2% of instrumental SNPs with missing data (23). A total of 128 322 men and 

135 103 women were eligible for subsequent analyses (Supplemental Fig. 1). This study 

was performed under ethical approval obtained by UKB from the National Health Service 

National Research Ethics Service.

MEASUREMENT OF SERUM LEVELS OF SHBG, TESTOSTERONE, AND ESTRADIOL IN 
THE UKB

Blood samples were collected at baseline (2006–2010) and stored at −80°C. Serum levels 

of SHBG, testosterone, and estradiol were measured in the UKB central laboratory between 

June 2019 and April 2020 by chemiluminescent immunoassay (DXI 800; Beckman Coulter). 

For the SHBG assay, the CVs were 5.7%, 5.3%, and 5.2% for concentration ranges of 15.0 

to 27.7, 31.9 to 55.5, and 56.3 to 87.8 nmol/L (1.43–2.63, 3.03–5.27, 5.35–8.34 mg/L), 

respectively, and the detection range was 0.33 to 242 nmol/L (0.03–22.99 mg/L). For the 

testosterone assay, the CVs were 8.3%, 3.7%, and 4.2% for concentrations ranges of 1.0 

to 2.2, 13.4 to 22.8, and 29.3 to 49.4 nmol/L (0.29–0.63, 3.86–6.57, 8.44–14.23 μg/L), 

respectively, and the detection range was 0.35 to 55.52 nmol/L (0.10–15.99 μg/L). For the 

estradiol assay, the CVs were 15.3%, 8.7%, and 6.5% for concentrations ranges of 175 to 

417, 446 to 990, and 1305 to 2503 pmol/L (48–113, 121–270, 355–682 ng/L), respectively, 

and the detection range was 73 to 17 621 pmol/L (20–4800 ng/L).

DETERMINATION OF INCIDENT CHD CASES IN THE UKB

The incidence of CHD, including nonfatal and fatal myocardial infarction and coronary 

revascularization (coronary artery bypass surgery or percutaneous transluminal coronary 

intervention), was identified based on the linked hospital admissions and mortality data 

according to the International Classification of Diseases 10 code (I21–I25) and the Office of 

Population Censuses and Surveys Classification of Interventions and Procedures (OPCS-4) 

code (K40–K50, K75) (Supplemental Table 1). Each participant’s follow-up time was 

defined as the duration between entry to the cohort and the date of occurrence of CHD 

or censor (death, lost to follow-up, or the end of follow-up [January 28, 2021]), whichever 

occurred first.

GENETIC INSTRUMENTS

Given that sex hormones may exert different effects on CHD risk in men vs women 

and that genetic determinants of sex hormones and SHBG have sex differences (7), we 

selected sex-specific instrumental variables for SHBG in MR analyses. A recent sex-specific 

genome-wide association studies in 425 097 UKB participants identified 357 genome-wide 

significant SNPs for SHBG, independent of body mass index (BMI), in men and 359 SNPs 

in women (Supplemental Tables 11 and 12) (7). We calculated the genetic risk scores (GRS) 

for SHBG by summing up the number of effect alleles (i.e., higher GRSs predict higher 

SHBG levels), which were used as instrumental variates in the current MR analysis. Before 

the calculation, the expected dosage for each imputed SNP was rounded to an integer value.
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COVARIATES

Demographic characteristics, lifestyle factors, and other confounders collected at baseline 

for each participant were included in our models as covariates, including age, Townsend 

deprivation index, physical activity, smoking status, alcohol intake, BMI, family history of 

cardiovascular diseases, and presence of medical conditions at baseline, such as diabetes, 

hypertension, and dyslipidemia. The rates of missing data for most covariates were less than 

1%, and mean and mode imputation were used to replace the missing data for continuous 

and categorical variables, respectively.

STATISTICAL ANALYSIS

We used Cox proportional hazard models to estimate sex-specific associations of serum 

levels of SHBG with risk of incident CHD with adjustment for the aforementioned 

covariates and serum levels of total testosterone. We also included a restricted cubic spline 

term for SHBG with 3 knots at the 10th, 50th, and 90th centiles into the model to explore 

the nonlinear relationship between SHBG and CHD risk. The nonlinearity P value was 

estimated using a likelihood ratio test. In a series of sensitivity analyses, we further excluded 

participants with diabetes, hypertension, or dyslipidemia at baseline, and CHD cases that 

occurred during the first 2 years of follow-up from the analysis. In the UKB, serum levels of 

estradiol were measured in only a very small portion of participants, so we were unable to 

take estradiol into consideration in the main analysis. To evaluate the impact of estradiol on 

the SHBG-CHD association, we conducted a sensitivity analysis with further adjustment for 

serum levels of estradiol in 10 630 men and 29 062 women with measured levels of SHBG 

and estradiol in the UKB.

In linear MR analyses, we used a two-stage least square regression with adjustment for age, 

BMI, assessment center, genotyping batch, and the top 10 genetic principal components 

to estimate the causal effect of genetically predicted SHBG on CHD risk in men and 

women (24). Results of MR analysis were presented as predictive odds ratios of CHD for 

a 1-unit increase in genetically predicted SHBG levels. We conducted a series of sensitivity 

analyses to test if the assumptions for MR-based assessment were violated using different 

strategies. Due to the correlation between total testosterone (TT) and SHBG, we performed 

MR analysis using restricted GRS, in which the overlapped SNPs between hormones were 

removed (Supplemental Fig. 2) and multivariable MR analyses with further adjustment for 

genetically predicted TT. We also calculated the HR by excluding prevalent cases at baseline 

to estimate the association between genetically predicted SHBG levels and CHD risk. For 

nonlinear MR analysis, we used a fractional polynomial method to examine the shape of 

the relationship between genetically predicted levels of sex hormones and SHBG and CHD 

risk (25). Nonlinearity was tested using the quadratic test (25). Detailed MR methods are 

described in the Supplemental Methods section.

In the meta-analysis (Registration ID in PROSPERO: CRD42021241706), we systematically 

searched for prospective cohort and nested case-control studies relating circulating levels of 

SHBG to CHD published in Medline and Embase from database inception to June 2022. We 

calculated the sex-specific relative risks (RRs) of CHD by comparing the highest with the 

lowest quartiles of SHBG levels via an inverse variance pooling method. We pooled RRs 
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of CHD with fixed effects models and evaluated heterogeneity across studies by examining 

the funnel plots of RR estimates as well as using Cochran Q test and I2 statistics (with I2 of 

0%–25% representing minimal, 26%–75% moderate, and >75% substantial heterogeneity). 

As sensitivity analyses, we performed a cumulative meta-analysis with studies ranked by 

published year to test the stability and sufficiency of the evidence as it accumulated over 

time. Detailed methods for meta-analysis are summarized in Supplemental Methods.

All analyses were conducted using R (v3.5.1) and packages, including meta, 
MendelianRandom, and nlmr, with 95% CIs and 2-sided P values calculated for statistical 

inference.

Results

ASSOCIATION BETWEEN SERUM LEVELS OF SHBG AND RISK OF INCIDENT CHD IN MEN 
AND WOMEN IN THE UKB

During a median follow-up of 11.7 years, 10 405 participants developed CHD among the 

128 322 men (mean age of 56.1 at baseline) and 4512 developed CHD among the 135 103 

women (mean age 56.4 years). Men had lower serum levels of SHBG than women (median 

interquartile range [IQR]: 37.0 [28.1–48.1] nmol/L in men vs 56.1 [40.4–75.4] nmol/L in 

women). Men with higher levels of SHBG were older and had higher levels of TT. In 

contrast, women with higher levels of SHBG tended to be younger and have higher levels 

of estradiol. Both men and women with higher levels of SHBG were more likely to be 

smokers and physically active and had lower BMI and prevalence of diabetes, hypertension, 

and hyperlipidemia (Table 1).

In the fully adjusted model, higher levels of SHBG were associated with 14% lower incident 

CHD in men (adjusted HR comparing the highest with the lowest quintile: 0.86 [95% CI, 

0.79–0.93], P for trend <0.001) and women (HR: 0.84 [0.75–0.94], P for trend<0.001) 

(Table 2). Nonlinear analysis showed a linear shape relationship between serum levels of 

SHBG and CHD risk in men (P for nonlinear=0.62) and women (P for nonlinear=0.54) 

(Fig. 1, A and C). Each log nmol/L unit increase in serum levels of SHBG was associated 

with a decreased risk of incident CHD in men (adjusted HR: 0.88 [0.83–0.94]) and women 

(adjusted HR: 0.89 [0.83–0.96]) (Table 3). These findings were robust in all sensitivity 

analyses (Supplemental Table 3).

MR-BASED ASSESSMENT OF SHBG LEVELS WITH CHD RISK IN MEN AND WOMEN IN 
THE UKB

The established sex-specific GRSs explained 7.6% and 5.3% variance of measured SHBG 

in men and women, respectively, with all F statistics far greater than 10, supporting the 

reliability of the genetic instrumental variables (Supplemental Fig. 2). We described the 

characteristics of men and women according to quintiles of GRSs in Supplemental Table 4 

and found that most of the covariates were balanced across quintiles, which means that the 

MR process was reliable. The unbalanced covariates, such as alcohol intake, BMI, and TT, 

were adjusted in the regression models. Simple analysis showed that the GRS for SHBG was 
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positively associated with levels of SHBG but inversely associated with CHD risk both in 

men and women (Supplementary Tables 3 and 5).

Nonlinear MR analyses showed that an increase in genetically predicted SHBG was 

monotonically related to a lower CHD risk in men (P for nonlinear=0.73) and women (P 
for nonlinear=0.93) (Fig. 1, B and D). Linear MR analysis showed that each unit increase 

in the genetically predicted SHBG was associated with a decreased CHD risk both in men 

(predicted odds ratio: 0.75 [0.63–0.89]) and women (predicted odds ratio: 0.69 [0.54–0.89]) 

(Table 3).

We further conducted a series of sensitivity analyses to test the robustness of the MR 

estimates. Given the strong intercorrelation between TT and SHBG, we removed the 

overlapped instrumental SNPs to construct a restricted GRS for SHBG (Supplemental Fig. 

2) and obtained consistent findings (Supplemental Table 6). Two-sample MR strategies, 

including inverse-variance weighted, weighted median, weighted mode, and MR-Egger, also 

provided consistent results, indicating that our findings were robust and not likely to be 

affected by pleiotropy or outliers (Supplemental Table 6).

META-ANALYSIS OF ASSOCIATION OF CIRCULATING LEVELS OF SHBG WITH CHD RISK 
IN MEN AND WOMEN

Among the 10 unique observational studies included in the meta-analysis, a total of 5104 

CHD cases were confirmed in 216 417 men from 6 studies and 4936 CHD cases in 138 

282 women from 5 studies (Supplemental Tables 8 and 9). The funnel plots and Egger test 

showed no evidence of publication bias (Supplemental Fig. 4).

Circulating levels of SHBG were associated with a lower risk of CHD in men (pooled 

RR: 0.81 [0.74–0.89], I2=0%) and women (pooled RR: 0.86 [0.78–0.94], I2=19%) with no 

substantial heterogeneity in estimates across studies (Fig. 2, A and C). In the meta-analyses 

with fixed-effect model, the UKB results accounted for the majority of the weight (80.9% 

in men and 88.2% in women). Cumulative meta-analysis showed that, if the UKB data were 

not included, levels of SHBG were associated with a lower risk of CHD in men (pooled RR: 

0.74 [0.59–0.92]) but not in women (pooled RR: 1.00 [0.77–1.29]) (Fig. 2, B and D).

Discussion

Higher serum levels of SHBG were monotonically associated with a decreased risk of 

incident CHD in both men and women in the UKB cohort. The causality and linear shape 

of these observational associations were confirmed by MR-based analyses in the cohort. A 

systematic review and cumulative meta-analysis of 10 studies that enrolled 216 417 men and 

138 282 women from diverse populations further confirmed these findings.

Previously, we have shown that SHBG levels were directly predictive of T2D risk and 

metabolic syndrome in several prospective cohorts of diverse populations (3, 4, 6, 26), 

indicating that SHGB may be a reliable measure that is predictive of lower cardiometabolic 

risk in men and women. However, most of the previous studies were conducted in men and 

have not examined the association with CHD outcomes. A recent analysis of the UKB data 
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has reported an inverse association of SHBG levels with risk of myocardial infarction in men 

but did not examine the association in women (27). In the current study, our analysis in the 

UKB not only confirmed that SHBG levels were associated with a lower risk of CHD in men 

but also found a similar association in women. Furthermore, our cumulative meta-analysis of 

all available data to date showed that the relationship between SHBG levels and CHD risk in 

both men and women is both consistent and reliable.

The results of meta-analysis were mainly driven by the large UKB cohort, which accounted 

for more than 97% of total participants, especially in the analysis for women. All studies 

included in the meta-analysis recruited adults from Europe and America. It is highly likely 

that any discrepancy of findings between the UKB and other studies is attributable to the 

overwhelmingly large sample size in the UKB but not different characteristics between 

studies.

Although these observational findings may be subject to residual confounders or reverse 

causation, we have evaluated and adjusted for known confounders in the models. Most 

importantly, our MR-based analysis not only confirmed the “unconfounded” association but 

also indicated a dose-response causal relationship between SHBG and risk of CHD in both 

men and women. These findings are consistent with a previous MR study that used the 

same set of genetic variants as sex-specific instrumental variables for SHBG and reported a 

protective effect of SHBG on T2D in both men and women (7).

The SHBG molecule has 2 types of binding site: one for steroids and the other for the 

SHBG receptor. The steroid binding site is capable of binding testosterone or estradiol; 

therefore, SHBG has been considered the principal protein regulating the bioavailability 

of sex hormones through binding with them (8). In addition to regulating the bioavailable 

fraction of sex hormones, SHBG can directly bind to its membrane receptor and permit 

certain steroid hormones to act without entering the target cell (4, 28). SHBG receptors 

primarily exist in reproductive tissues and hepatocytes but have low expression levels in 

skeletal muscle (29–31). Unoccupied SHBG (not bound to sex steroids) has the ability to 

bind to the SHBG receptor. However, the binding of SHBG to its receptor cannot initiate a 

downstream signal until the subsequent binding of a steroid to the SHBG-receptor complex. 

The sex steroid-SHBG-receptor complex can have either an agonist or antagonist effect via 

the cAMP-mediated second messenger system, depending on the specific sex steroid and 

target tissue (28).

Consistent with the biological function of SHBG, men with higher levels of SHBG 

have higher levels of total testosterone and lower levels of bioavailable testosterone. The 

associations of endogenous testosterone and estradiol with CHD risk remain uncertain. 

While several studies found no clear association (32–35), some reported inverse associations 

between testosterone and CVD risk (15, 27, 36). However, a recent MR-based analysis 

concluded that endogenous testosterone was associated with increased risk of myocardial 

infarction in men (37). Similarly, some studies reported that higher levels of estradiol were 

associated with a lower CHD risk in women (18), while others reported no association 

in either men or women (38, 39). In the current study, additional adjustment for TT and 

estradiol in analyses did not materially change the inverse association between SHBG 
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and CHD risk. Therefore, the observed SHBG-CHD association may be independent of 

endogenous testosterone and estradiol, despite the close relationship between SHBG and sex 

steroids. Further studies are needed to elucidate the mechanism underlying the SHBG-CHD 

association.

Previously, we have demonstrated that germline mutations of SHBG and the level of SHBG 

directly predict risk of clinical T2D (3, 5). Additionally, consistent with other reports (40, 

41), we also found that low SHBG levels were associated with low levels of high-density 

lipoprotein and high levels of C-reactive protein (data not shown). T2D, low high-density 

lipoprotein, and high C-reactive protein are well-established risk factors for CHD and may 

serve as mediators linking low SHBG to high CHD risk.

SHBG is mainly produced by hepatocytes, which can be influenced by genetic variants 

and metabolic factors. A recent large-scale genome-wide association study identified several 

genetic variants that are significantly associated with serum SHBG, which encode genes 

involved in the de novo lipogenesis, such as glucokinase regulatory protein (GKRP), 

glucokinase (GCK), carbohydrate response element-binding protein (ChREBP), hepatocyte 

nuclear factor 4 alpha (HNF4α), and patatin-like phospholipase domain-coding protein 

3 (PNPLA3) (7, 8). A previous study indicates that monosaccharide-induced lipogenesis 

reduces hepatic HNF4α levels and then inhibits SHBG expression (42). These findings 

suggest that SHBG is a sensitive biomarker of metabolic processes in the liver, including de 

novo lipogenesis. Therefore, the observed inverse association between SHBG and CHD may 

be interpreted as indicating that SHBG provides a mechanism linking acute-phase reactants 

due to hepatic metabolic dysfunction to CHD.

Our findings benefit from several strengths of the study design. The current study includes 

the first comprehensive and systematic analysis of prospective studies available to date 

assessing the roles of SHBG in relation to CHD risk in approximately 263 439 men and 

women from diverse populations. Second, the causality of findings from our observational 

analysis was further confirmed by both linear and nonlinear MR-based analyses, which 

directly addressed and corrected potential biases due to confounders or reverse causation in 

previous studies. Third, given the strong correlation between SHBG and sex hormones, we 

conducted sex-specific analyses and found consistent findings in both sexes.

Several important issues should be kept in mind when interpreting these findings. First, in 

the meta-analysis, results of the UKB accounted for the vast majority of the weight. After 

the removal of the UKB study, SHBG levels were associated with a lower risk of CHD 

only in men but not in women. The neutral association in women may be due to small 

sample size resulting in limited statistical power. Second, MR-based analyses estimated 

genetically predicted CHD risk due to SHBG levels that reflect a lifelong cumulative effect. 

Third, the estimates of 1-sample MR analysis may be biased by weak instruments and 

potential confounding. A simulation study supports using 2-sample MR methods to validate 

the findings of 1-sample MR performed within large biobanks (43). In the current study, 

both 1-sample and 2-sample MR methods gave consistent results. Additionally, the large F 

statistics of the genetic instruments in the current study indicate that our findings may not be 

biased by weak instruments.

Li et al. Page 9

Clin Chem. Author manuscript; available in PMC 2024 November 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions

In summary, our comprehensive and systematic analysis integrating all available 

observational data from diverse populations indicates that higher levels of SHBG measured 

in adulthood or predicted by genetic variants were prospectively associated with lower CHD 

risk in men and women, independent of known and unknown CHD risk factors. These 

findings suggest an important causal role of SHBG in the development of CHD. The utility 

of SHBG for CHD risk stratification and prediction and monitoring of treatment response 

warrants further study. Further mechanistic work to understand downstream targets of SHBG 

may also represent a promising direction to mitigate risks of cardiometabolic outcomes.
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Fig. 1. 
Conventional (A and C) and MR-based (B and D) nonlinear analysis of the associations 

of SHBG with risk of CHD among men and women in the UKB. In the conventional 

nonlinear analysis, we used Cox proportional hazard models and included a restricted cubic 

spline term for SHBG with 3 knots at the 10th, 50th, and 90th centiles, with adjustment 

for age, assessment centers, Townsend Deprivation Index, smoking, drinking, physical 

activity, and BMI. In nonlinear MR analysis, we divided men and women into deciles of 

the residual SHBG, which was calculated as the residual from a regression of SHBG on 

genetic risk score with adjustment for age, assessment centers, genotyping arrays, top 10 

genetic principal components, and BMI. Then we generated a linear MR estimate in each 

decile, referred to as a localized average causal effect (LACE). Lastly, we fitted a fractional 

polynomial model to meta-regress these LACE estimates against the mean of SHBG in each 

decile. Nonlinearity was tested using the quadratic test.
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Fig. 2. 
Pooled estimates of associations between SHBG and CHD risk in men and women.
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Table 3.

Conventional and MR-based analysis of associations between per unit of increase in SHBG level and CHD 

risk among men and women in the UKB.

Event/total (%)

Men
10405/128 322

(8.11)

Women
4512/135103

(3.34)

Conventional analysis: HR (95% CI)

 Model 1 0.77 (0.73, 0.81) 0.68 (0.64, 0.72)

 Model 2 0.84 (0.80, 0.88) 0.79 (0.74, 0.84)

 Model 3 0.93 (0.88, 0.97) 0.88 (0.82, 0.94)

 Model 4 0.88 (0.83, 0.94) 0.89 (0.83, 0.96)

MR-based analysis: pORa (95% CI)

 Model 5 0.74 (0.62, 0.88) 0.73 (0.58, 0.92)

 Model 6 0.75 (0.63, 0.89) 0.69 (0.54, 0.89)

In conventional analysis, we used Cox proportional hazard model to calculate HR for CHD risk per unit (log nmol/L) of increase in serum SHBG 
levels.

Model 1: Adjusted for age, assessment center, Townsend Deprivation Index, family history of cardiovascular diseases, smoking status, alcohol 
intake frequency, and physical activity level; Model 2: Model 1+prevalent diabetes, hypertension, or hyperlipidemia at baseline; Model 3: Model 
2+BMI; Model 4: Model 3+TT [in linear MR analysis, predictive odds ratios for CHD risk per unit (log nmol/L) increase in genetically predicted 
SHBG were calculated by using a 2-stage least squares logistic regression model (24)]; Model 5: adjusted for age, BMI, assessment centers, 
genotyping arrays, and top 10 genetic principal components; Model 6: Model 5+TT.

a
predicted odds ratio.
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