Best Practice & Research Clinical Endocrinology & Metabolism XXX (XXXX) XXX

Contents lists available at ScienceDirect

Clinical

Best Practice & Research Clinical Endocrinology
Endocrinology & Metabolism

journal homepage: www.elsevier.com/locate/beem

Effects of endocrine disorders on lipids and
lipoproteins

Connie B. Newman, MD, Adjunct Professor of Medicine '

Division of Endocrinology, Diabetes and Metabolism, New York University Grossman School of Medicine,
New York, NY 10016, USA

ARTICLE INFO o . ) o .
Endocrine diseases may be associated with dyslipidaemia and may

Article history: increase atherosclerotic cardiovascular disease (ASCVD) risk. This
Available online xxx chapter describes changes in lipids and lipoproteins in diseases of

the pituitary, thyroid, adrenal glands, ovaries, and testes, the
Keywords: mechanisms for these changes, ASCVD risk in these endocrine
endocrine diseases disorders, and whether treatment of the endocrine disorder im-
lipids proves the lipid profile and reduces ASCVD risk. Acromegaly, GH
acromegaly deficiency, Cushing syndrome, chronic glucocorticoid replacement,
213135’;1‘:;1 hypothyroidism, PCOS and male hypogonadism can increase LDL-C

and/or TG. Marked reductions in LDL-C are associated with hy-
perthyroidism, and extremely low HDL-C levels with testosterone
and/or other anabolic steroid abuse. Acromegaly, GH deficiency,
Cushing syndrome, and chronic glucocorticoid replacement are
associated with increased ASCVD risk. Treatment of acromegaly,
GH deficiency, hypothyroidism, Cushing syndrome, and testos-
terone deficiency reduce LDL-C, although statin therapy may still
be needed. Effects on ASCVD are not known.

© 2022 Elsevier Ltd. All rights reserved.

hypogonadism

Hormones influence lipid and lipoprotein metabolism, and it is not surprising that endocrine dis-
eases affect the lipid profile and may increase atherosclerotic cardiovascular disease (ASCVD) risk.
Table 1 summarizes changes in low density lipoprotein cholesterol (LDL-C), high density lipoprotein
cholesterol (HDL-C), triglycerides (TG) and lipoprotein (a) [Lp (a)] in disorders of the pituitary, thyroid
adrenal, and reproductive glands. This chapter describes changes in lipids in endocrine diseases, the
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Table 1

Lipids and lipoproteins in endocrine disorders.
Disorder Lipid, lipoprotein parameter mg/dL

LDL-C HDL-C TG Lp (a)

Pituitary
Adult GH deficiency 1 Normal or | Normal or 1 NC
Acromegaly NCor 1 Normal or | 1 1
Thyroid
Overt hypothyroidism 1 Normal or 1 Normal or 1 NCor 1
Subclinical hypothyroidism NCor 1 Normal or | Normal NC
Overt Hyperthyroidism ! Normal or | Normal or 1
Adrenal
Cushing syndrome NCor 1 Normal or | 1 NCor 1
Chronic glucocorticoids NCor Normal or 1 Normal or —
Female reproductive hormones
Premenopausal women vs men Slightly lower Higher Lower -
Post-menopause vs pre-menopause Higher NC or slightly lower NC NCor 1
Hormone therapy post- menopause l 1 1 1
PCOS NCor 1 1 1
Male gonadal disorders
Male hypogonadism 1 Normal or | 1 Normal or 1
Testosterone replacement NCor | NCor | NCor | 1
Testosterone/anabolic steroid abuse 1 1l NCor | )

GH growth hormone, PCOS polycystic ovary syndrome.NC no change, ——Data insufficient, | Decrease, | | Marked decrease, 1
Increase. The normal range for HDL-C is > 1.0 mmol/L (40 mg/dL) in men, and >1.29 mmol/L (50 mg/dL) in women. The upper
limit of the normal range for TG is 1.7 mmol/L (150 mg/dL).

underlying mechanisms for these changes, and the effect of treatment of the endocrine disease on
dyslipidaemia and ASCVD risk. This topic is the subject of the 2020 Endocrine Society Clinical Practice
Guideline “Lipid Management in Patients with Endocrine Disorders.” [1].

Pituitary diseases
Adult growth hormone (GH) deficiency

Growth hormone (GH) is an anabolic peptide which regulates metabolism of carbohydrates, pro-
teins and lipids in adults, and also cartilage and bone growth in children. Adult GH deficiency is
commonly associated with hypopituitarism which has been associated with a 2-fold increase in CVD
death [2,3], increased fat mass, decreased exercise capacity, cardiovascular disease (CVD), and
dyslipidaemia.

Lipid and lipoprotein alterations and mechanisms

Dyslipidaemia in GH deficiency, is characterized by elevated total cholesterol (TC) and LDL-C,
decreased HDL-C, increased TG [4—6] and in some cases small dense LDL particles [7]. GH admin-
istration upregulates LDL receptors, suggesting that increased LDL-C in GH deficiency may be caused
by fewer LDL receptors [8,9]. Elevated TG may be caused by increased hepatic VLDL production, and
reduced VLDL clearance [10]. Several studies found that long term GH replacement reduced TC and
LDL-C, increased or did not change HDL-C, and did not alter TG [5,11—15]. LDL-C reduction is of a
lower magnitude compared to statins. In a meta-analysis of 22 double blind, placebo-controlled
trials, including over 1100 patients, GH treatment significantly increased lean body mass,
decreased fat mass, and reduced TC and LDL-C. Reduction in LDL-C was 11% [13]. In two small studies
of patients with GH deficiency, GH treatment was associated with increased Lp (a) levels compared to
baseline [16,17].
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ASCVD risk

In observational studies GH replacement has been associated with lower risk of stroke [18] and
other cardiovascular events [15,19]. Long term randomized controlled trials (RCTs) are needed to
establish whether GH replacement reduces ASCVD morbidity and mortality.

Management

A lipid profile is recommended at the initial visit. If the patient has GH deficiency and hypopitu-
itarism, CVD risk factors should be assessed and treated because of increased CVD morbidity and
mortality in hypopituitarism. Statin treatment should be considered in adults with LDL-C above
1.8 mmol/L (70 mg/dL) [1].

Acromegaly

Lipid and lipoprotein alterations and mechanisms

Acromegaly is commonly due to a pituitary adenoma that hyper-secretes GH. GH excess may be
present for many years before diagnosis. Dyslipidaemia may be attributed to GH excess, glucose
intolerance, diabetes mellitus, and excess body fat. Mild to moderate hypertriglyceridaemia, potentially
caused by decreased TG clearance and increased very low density lipoprotein (VLDL) synthesis is the
most common lipid abnormality [20,21]. GH stimulates lipolysis, providing FFA for VLDL synthesis. GH
also inhibits lipoprotein lipase which decreases clearance of TG-rich lipoproteins [22—24]. GH regu-
lates the response to insulin, and glucose intolerance may contribute to hypertriglyceridemia. Low
HDL-C may be due to decreased lecithin cholesteryl acyl transferase (LCAT), cholesteryl ester transfer
protein (CETP) and hepatic lipase [25,26], which could potentially reduce reverse cholesterol transport.
TC and LDL-C are usually unchanged, although increased small dense LDL-C has been reported [27].
Lp(a) levels may be high, which could contribute to ASCVD.

Various studies reported effects of acromegaly treatment on lipids. Surgery reduced TG to normal
and had no effect on TC and LDL-C [28—30]. Octreotide reduced TG and LDL-C and increased HDL-C
[27,31]. Partial control of GH excess was associated with reduction in LDL-C, TG and Lp (a) [32]. The
GH receptor antagonist pegvisomant increased TC and LDL-C [33,34]. Reduced Lp (a) has been reported
after successful treatment with surgery or somatostatin analogs [27,28,35].

Risk of ASCVD

Acromegaly is associated with 2—3 fold increased morbidity and mortality [36]. Cardiac diseases
include cardiomyopathy, diastolic and systolic dysfunction, arrhythmias, valvular diseases, and accel-
erated atherosclerosis. Type 2 diabetes and hypertension may occur. It is not known whether excess GH
contributes to the increased risk of ASCVD in acromegaly.

Lipid Management

A lipid profile should be obtained at the first visit, before and after treatment, and periodically
thereafter. Persistent hypertriglyceridaemia, and inappropriately high LDL-C for the level of ASCVD risk
should be managed according to standard guidelines. A statin, as adjunct to lifestyle changes (diet and
physical activity), should be considered post treatment if LDL-C remains above 1.8 mmol/L (70 mg/dL)
[1].

Hypothyroidism and hyperthyroidism

The effects of thyroid hormones on lipid homeostasis are complex and involve transcriptional
regulation of genes for lipogenesis and post translational regulation of enzymes, transporters, carrier
proteins, and cell signaling proteins involved in lipid metabolism [37,38]. Thyroid hormones increase
free fatty acids by lipolysis of fat depots and dietary fat, and stimulate free fatty acid uptake by the liver,
and hepatic lipogenesis The liver synthesizes and secretes VLDL, which is enzymatically modified in the
circulation to LDL-C. Thyroid hormones also upregulate the LDL receptor which clears cholesterol
through the liver. In hypothyroidism, reduced LDL-C clearance leads to high levels of LDL-C [37,39].
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Thyroid hormones also increase activity of enzymes that metabolize lipoproteins such as hepatic lipase,
CETP and LCAT [40].

Lipid and lipoprotein alterations and mechanisms

Hypothyroidism

Overt hypothyroidism is associated with elevated TC and LDL-C, no change or small increase in HDL-
C, and normal to increased TG. Lp (a), apolipoprotein B (apoB) and LDL oxidation may be increased
[41,42]. T3 induces HMG CoA reductase and upregulates hepatic LDL receptor gene expression, thus
reducing LDL clearance [37]. The changes in lipids, along with reduced endothelial function and
increased coagulation, may increase ASCVD risk.

Studies of patients with hyperlipidemia found that the proportion of patients with overt hypo-
thyroidism ranged between 1.4% and 13% [43,44].

In subclinical hypothyroidism, defined as thyroid stimulating hormone (TSH) 4—10 mIU/L, TC and
LDL-C may be increased or unchanged, although the increase is of a lower magnitude compared to
overt hypothyroidism. HDL-C is usually normal, and TG normal or increased.

Hyperthyroidism

In overt hyperthyroidism that is not transient, TC and LDL-C are decreased, TG are normal and HDL-
C unchanged or decreased. Apolipoprotein A (apo A), Apo B and Lp(a) are decreased. Thyroid hormone
increases cholesterol metabolism by stimulating LDL receptor gene synthesis [45] upregulating LDL
receptor number [39], increasing HMG Co A reductase mRNA and activity [46,47], and increasing ac-
tivity of enzymes that metabolize lipoprotein.

Risk of ASCVD in thyroid dysfunction

The relationship of thyroid hormone dysfunction with abnormalities in the cardiovascular system,
such as congestive heart failure in hypothyroidism and atrial fibrillation in hyperthyroidism, has been
known for many years; however, the effects and pathophysiologic mechanisms require further
research [48]. QT prolongation in hypothyroidism rarely leads to torsades de pointes [49]. Overt hy-
pothyroidism is associated with changes in risk factors for ASCVD [50]. Studies evaluating subclinical
hypothyroidism and ASCVD have yielded conflicting results [51—54]. A meta-analysis reported that
subclinical hypothyroidism (TSH 4.5—19.9 mIU/L) was associated with increased CHD events and CHD
mortality in persons with higher TSH levels, especially those with TSH >10 mIU/L [53]. Another study
of patients with subclinical hypothyroidism found less definitive results and concluded that subclinical
hypothyroidism may be associated with a modest increased risk of CHD and mortality [52]. RCTs are
needed to determine whether treatment of subclinical hypothyroidism with thyroid hormone will
reduce cardiovascular risk.

Hyperthyroidism is associated with atrial fibrillation, factors that increase thrombogenesis,
increased carotid intima-media thickness and increased cerebrovascular events [50]. The etiology of
the cerebrovascular disease may be multifactorial.

Management

Hypothyroidism

Hypothyroidism should be ruled out in individuals with high LDL-C before treatment of dyslipi-
daemia with lipid lowering medications. Re-assessment of lipids, and delay of treatment of dyslipi-
daemia until after the patient is euthyroid is warranted. A meta-analysis of 79 trials in adults, most
with a follow-up period of 1-12 months (including RCTs and observational studies with a comparator
group) evaluated the effects of thyroxine on lipids in adults with overt and subclinical hypothyroidism,
comparing post-intervention to pre-intervention levels (Tables 2 and 3) [55]. In adults with overt
hypothyroidism, mean reduction in LDL-C after thyroid hormone treatment was 1.06 mmol/L (41 mg/
dL) or 24% of baseline LDL-C (Table 2). .Elevated LDL-C before treatment with thyroxine and the marked
statistically significant reduction in LDL-C with treatment form the basis of the Endocrine Society
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Table 2

Meta-analysis of studies of hypothyroidism and hyperthyroidism: Change in lipids and lipoproteins after treatment.
Disorder No. Studies Mean lipid concentration mg/dl
Overt Hypothyroidism, Baseline Change Post Treatment
Treatment with LT4
Total cholesterol 72 260.3 —58.4
LDL-C 55 168.8 -41.1
HDL-C 57 54.3 -4.1
TG 60 147.3 -27.3
ApoA 25 163.8 -12.6
ApoB 25 131.9 -34.0
Lp(a) 15 27.0 -5.6
Overt Hyperthyroidism,
Treatment with surgery, RAI, anti- thyroid medicationrowhead
Total cholesterol 31 158.7 44.5
LDL-C 29 89.2 31.1
HDL-C 32 46.5 55
TG 30 110.1 7.26
Apo A 12 142.6 15.6
Apo B 13 719 26.1
Lp(a) 10 16.7 4.2

To convert Total cholesterol, LDL-C, HDL-C to mmol/L, divide by 38.67. To convert TG to mmol/L divide by 88.6. Studies contained
varied population characteristics, severity of thyroid dysfunction and duration of follow-up. Adapted from Kotwal, A. et al. [55].

guideline recommendation to rule out hypothyroidism as a secondary cause of hypercholesterolemia,
and to delay lipid treatment until the lipid profile has been assessed when the patient is euthyroid [1].

In the meta-analysis by Kotwal et al., in 74 studies, LDL-C was significantly reduced by 0.28 mmol/L
(11 mg/dL), which represents 8% of baseline, in adults with subclinical hypothyroidism treated with
thyroid hormone (Table 3) [55]. TC and TG were also significantly lower after thyroid hormone
treatment, while HDL-C increased slightly and the change was not statistically significant. In 18 studies
of subclinical hypothyroidism, LDL-C increased by 0.05 mmol/L (1.8 mg/dL) in patients given placebo or
no treatment. Based on these data the Endocrine Society 2020 guideline suggests consideration of
thyroxine treatment in patients with subclinical hypothyroidism (TSH <10 miU/L) as a means of

Table 3
Meta-analysis of Studies of Subclinical Hypothyroidism: Changes in Lipids and Lipoproteins after Levothyroxine (LT4) Therapy or
either Placebo or Observation (No Treatment).

Disorder No. Studies Mean lipid concentration mg/dl

Subclinical Hypothyroidism, Baseline Change Post Treatment or
Treatment with LT4 Placebo/observation

Total cholesterol 79 2174 -12.0

LDL-C 74 139.5 -11.1

HDL-C 76 51.8 0.15

TG 76 124.5 —4.5

ApoA 26 154.1 04

ApoB 31 115.2 —-6.6

Lp(a) 23 23.1 -2.0

Subclinical Hypothyroidism,
Observation or Placebo

Total cholesterol 19 209.6 0.79
LDL-C 18 126.9 1.8
HDL-C 18 52.7 -0.1
TG 19 1234 1.0
Apo A 10 151.7 1.7
Apo B 10 121.3 -2.7
Lp(a) 7 26.95 -1.7

To convert Total cholesterol, LDL-C, HDL-C to mmol/L, divide by 38.67. To convert TG to mmol/L divide by 88.6. Studies contained
varied population characteristics, severity of thyroid dysfunction and duration of follow-up. Adapted from Kotwal, A. et al. [55].



C.B. Newman Best Practice & Research Clinical Endocrinology & Metabolism xxx (Xxxx) Xxx

reducing LDL-C, taking into account the patient's age and general health, and whether the patient has
CVD [1].

Hyperthyroidism

In hyperthyroidism LDL-C appears “normal”; however, treatment of hyperthyroidism by surgery,
radioactive iodine, or medications, increases LDL-C. It is important to assess the lipid profile in patients
with hyperthyroidism after successful treatment. The 2020 meta-analysis discussed earlier, evaluated
32 studies that assessed lipids after treatment of overt hyperthyroidism by anti-thyroid medication,
radioiodine, or surgery [55]. Total cholesterol, LDL-C and HDL-C significantly increased. The increase in
TG was not statistically significant. In 29 studies, mean LDL-C increased by 0.8 mmol/L (31 mg/dL) from
a mean baseline of 2.3 mmol/L (89 mg/dL), showing that treatment of hyperthyroidism worsens the
lipid profile. Treatment of subclinical hyperthyroidism did not change lipids. These data support the
Endocrine Society guideline recommendation for evaluation of the lipid profile in patients with hy-
perthyroidism after the patient is euthyroid [1]. Changes have been seen as early as 3 months.

Adrenal disorders
Cushing syndrome

Lipid and lipoprotein alterations and mechanisms

Cushing syndrome is caused by excess cortisol and may be associated with central obesity, glucose
intolerance, diabetes, hypertension, a hypercoagulable state, and dyslipidaemia. The latter has an
estimated prevalence of 38%—71% [56]. Dyslipidaemia manifests as increased TC and LDL-C, normal or
increased HDL-C, and increased TG (Table 1).

Lipid and lipoprotein changes are related to direct and indirect effects of glucocorticoids on liver and
adipose tissue [57,58]. Glucocorticoids stimulate synthesis of fatty acids and TG in the liver, leading to
increased VLDL synthesis and secretion. Increased circulating VLDL may contribute to increased LDL-C
levels. Glucocorticoids also increase synthesis and secretion of ApoA1l, which could increase HDL-C
[59,60]. Although short term elevations in cortisol stimulate lipolysis, chronic cortisol excess as in
Cushing syndrome stimulates lipogenesis and fat storage. Patients with central obesity and/or diabetes
more commonly have lipid changes.

Risk of ASCVD

The higher risk of ASCVD morbidity and mortality in Cushing syndrome is related to multiple
factors, including the metabolic syndrome. It is estimated that more than half of patients with Cushing
syndrome have hypertension, one third have obesity and 20%—47% have diabetes [61]. One study found
a 2.2- fold increase in mortality [62]. CVD is the most common cause of death. In 343 patients with
Cushing syndrome evaluated before diagnosis, and during treatment, the risk of MI (HR 3.7; 95% CI
2.4-5.5) and stroke (HR 2.0; 95% CI 1.3—3.2) were significantly increased [61]. Patients in remission
have better outcomes than those with persistent disease [62].

Management

Monitoring the lipid profile (periodically before and after treatment) is recommended. Treatment
will improve lipids and lipoproteins, but not necessarily result in optimal levels [57,63,64]. In adults
with persistent Cushing syndrome after treatment, statin therapy to reduce LDL-C should be consid-
ered regardless of the CV risk score. Statins will improve lipids in patients with Cushing syndrome;
however, the effect of statins on CVD outcomes in this population has not been studied. In patients with
limited life expectancy, statins might not be appropriate.

Several medications for Cushing syndrome affect lipids. Ketoconazole inhibits cholesterol synthesis
and may lower LDL-C and apoB by 25% [57]. Ketoconazole also inhibits cytochrome P 450 3A4 (cyp 3A4)
and increases plasma levels of statins metabolized by Cyp3A4, thus increasing the risk of myopathy
[65]. These statins are simvastatin, lovastatin and to a lesser extent atorvastatin. In patients taking
ketoconazole, statins not metabolized by Cyp 3A4 should be considered. Mitotane, which may be used



C.B. Newman Best Practice & Research Clinical Endocrinology & Metabolism xxx (Xxxx) Xxx

for refractory Cushing syndrome and adrenal cortical cancer, inhibits cortisol synthesis and commonly
causes elevated cholesterol and TG [66]. Elevations in cholesterol of more than 60% have been observed
and can be treated with statins [67]. Mifepristone, an antagonist of glucocorticoid and progesterone
receptors, lowers HDL-C and apo A-I, by an unknown mechanism [68].

Chronic glucocorticoid therapy

Lipid and lipoprotein alterations and mechanisms

Chronic glucocorticoid therapy may increase TC, LDL-C, HDL-C and TG [69—71]. Effects on lipids vary
according to dose, route of administration, duration of treatment, comorbidities, and medications. A
study of glucocorticoid replacement therapy in 2424 patients with hypopituitarism, and secondary
adrenal insufficiency, found a dose dependent increase in TC, LDL-C, and TG in those taking doses
equivalent to hydrocortisone >20 mg daily compared to hydrocortisone <20 mg daily [72].

Risk of ASCVD

Observational data suggest an association between chronic glucocorticoid therapy and ASCVD. In
one study patients using glucocorticoids (>10 mg prednisolone daily) had a greater risk for MI (OR 2.15;
95% Cl 1.45—3.14) compared to non-users [73]. ASCVD outcome trials in patients taking chronic
glucocorticoid therapy are lacking.

Management

The threshold for the glucocorticoid dose that causes lipid abnormalities and increased ASCVD risk
is not known. It is important to use glucocorticoids for replacement at the lowest doses needed.
Therapy with glucocorticoids above replacement doses may be necessary in patients with inflam-
matory diseases. The ASCVD risk in these patients may be increased because of the inflammatory
disease. In patients taking glucocorticoids at higher doses, assessment of the lipid profile and ASCVD
risk factors is recommended. Treatment of dyslipidaemia should consider that chronic glucocorticoid
therapy above replacement doses enhances ASCVD risk.

Menopause, and hormone replacement

Oestrogens and androgens regulate lipid metabolism in the liver through gene transcription and
signaling pathways to receptors [74]. One of the principal effects of oestrogen is the production of TG
rich VLDL particles in the liver, in response to FFA delivery. Oestrogen also upregulates LDL receptors
and improves hepatic insulin sensitivity [75]. Oestrogen acts through the steroid nuclear receptors
oestrogen alpha and beta, and may promote or inhibit gene transcription [76,77]. Oestrogens also
signal through G-protein coupled Estrogen Receptor (GPER), which is expressed in multiple organs
including the liver [78,79]. More research is needed to understand how these receptors contribute to
gene expression in the liver and ASCVD.

Lipid and lipoprotein alterations and mechanisms

Pre-menopausal women

Premenopausal women have a less atherogenic lipid profile in comparison to men, and notably
HDL-C levels that are about 0.26 mmol/L (10 mg/dL) higher because of the decrease in HDL-C in boys
during puberty. In the cross-sectional German health survey of 13,676 children and adolescents (KIGGS
2003—2006), mean HDL-C concentrations in boys at Tanner stage 1 were 1.55 mmol/L (60 mg/dL) and
at Tanner stage 5, 1.3 mmol/L (51.9 mg/dL) [80]. In girls HDL-C remained stable: 1.51 mmol/L (58.4 mg/
dL) and 1.48 mmol/L (57.6 mg/dL) at Tanner stages 1 and 5, respectively [80]. LDL-C increases after age
20, with LDL-C levels slightly greater in males compared to females [81—84]. These changes result in
differences in the lipid profile in premenopausal adult woman compared to adult men, with higher
levels of HDL-C, slightly lower TG and LDL-C and larger LDL particles in premenopausal women.
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Post-menopausal women

After menopause, LDL-C increases by a small amount, LDL particles become small and dense, and
HDL-C may decrease. Lp(a) may not change or may increase slightly [81,82,84] Increased body fat and
visceral fat, and associated insulin resistance may also affect lipids and lipoproteins [85].

Oestrogen and progesterone treatment had a small effect on LDL-C in. HERS (Heart and Estrogen
Replacement Study), a randomised placebo-controlled trial in postmenopausal women with coronary
heart disease (CHD). Mean LDL-C decreased by 14% to 3.2 mmol/L (125 mg/dL) after one year of
treatment with oral oestrogen plus progesterone, and increased by 3% to 3.6 mmol/L (140 mg/dL) in the
placebo group [86]. Transdermal oestrogen may also increase LDL-C and decrease HDL-C, but the
magnitude of the effect is smaller.

Risk of ASCVD

ASCVD risk is increased in post-menopausal women and continues to increase with age. The risk is
higher in women who reach menopause early (before the age of 40—44) [87].

Observational data suggested that hormone therapy (HT) during menopause is associated with
reduced ASCVD risk. However, two RCTS, HERS [86] and WHI (Women's Health Initiative) [88] found
that oral HT (oral conjugated equine oestrogens 0.625 mg either alone or in combination with
medroxyprogesterone acetate 2.5 mg) increased CHD events, stroke and venous thromboembolism,
especially in women more than 10 years from the onset of menopause [89,90]. Adverse cardiovascular
events were significantly increased in younger women, but the risk was lower [89].

A Cochrane database review of 19 RCTs evaluating oral HT, including WHI, concluded that HT in PMP
women overall (those treated in early and in late menopause) has little CVD benefit for either primary
or secondary prevention and may cause harm [91]. However, in subgroup analyses by age at initiation
of treatment, women who started hormone therapy less than 10 years after the menopause had lower
mortality, and coronary heart disease (non-fatal MI and CVD death), although these women had
increased risk of venous thromboembolism [91]. In women who started HT ten years or more after
menopause, there was little effect on death or CHD, but the risk of stroke and venous thromboem-
bolism were increased. The route of administration of HT impacts its effects on CVD. Current evidence
suggests that transdermal HT is not associated with increased risk of venous thromboembolism [92] or
stroke [93]. Taken together these data suggest that in healthy postmenopausal women younger than 60
years old, and in women within 10 years of menopause, the benefits of hormone therapy for vasomotor
symptoms outweigh the risks [94].

Management

The lipid profile should be monitored in pre-menopausal women taking oral contraceptives to
detect elevations in TG, especially in women with a genetic predisposition to hypertriglyceridaemia
[95,96]. TG above 5.64 mmol/L (500 mg/dL), increase the risk of pancreatitis; and the risk markedly
increases with TG above 11.28 mmo/L (1000 mg/dL). Severe hypertriglyceridaemia and pancreatitis
were not observed in one study of postmenopausal women taking oral HT [97].

To reduce ASCVD in postmenopausal women, statins are the treatment of choice.

For women who start menopause before the age of 45 years old, lipids and other risk factors should
be assessed and treated because of the increased ASCVD risk associated with early menopause.

Polycystic ovary syndrome
Lipid and lipoprotein alterations and mechanisms
PCOS, which affects women of reproductive age, is diagnosed when two of the following abnor-

malities are present: excess androgen production (diagnosed clinically and/or biochemically), ovula-
tory dysfunction, and multiple ovarian cysts [98]. Women with PCOS may have insulin resistance and
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metabolic syndrome. Dyslipidaemia is common, occurring in as many as 75% of women in the US [99]
and may be related to excess androgens, visceral adiposity, insulin resistance as well as genetic and
environmental factors. The lipid profile in anovulatory women is atherogenic and similar to that seen
in the metabolic syndrome, with normal or increased LDL-C, low HDL-C, increased TG, and small dense
LDL particles [100—104]. Women who ovulate may have lipid changes of a lower magnitude, or normal
lipids [105,106].

Risk of ASCVD

Women with PCOS may have risk factors for ASCVD including components of the metabolic syn-
drome and abdominal obesity. The prevalence of metabolic syndrome in U.S. Caucasian women with
PCOS has been estimated to be 34%—46% [107]. It is not known whether women with PCOS have
increased ASCVD morbidity and mortality [108,109].

Management

At diagnosis a fasting lipid panel is recommended to assess dyslipidaemia and ASCVD risk. The lipid
panel should be repeated during hormonal treatment. Statins may be used, as adjunct to lifestyle
therapy, to reduce LDL-C and TG, with the caveat to not use statins during pregnancy [110—112]. Some
studies reported that statins decrease androgen levels [110,113,114], although the evidence is not
sufficient to recommend statins for that purpose. Statins may worsen insulin resistance, but the data
are conflicting [112,113,115].

Male hypogonadism and testosterone replacement
Lipid and lipoprotein alterations and mechanisms

Testosterone levels directly correlate with HDL-C and apoA1 levels and inversely correlate with TC,
LDL-C, TG and apo B. Men with hypogonadism and low testosterone concentrations generally have low
HDL-C, and increased LDL-C and TG [40,116,117]. Male hypogonadism is associated with increased
ASCVD risk and features of the metabolic syndrome, such as increased waist circumference and insulin
resistance.

Testosterone in replacement doses has either no effect on lipids or a small effect [118]. HDL-C re-
mains low, and LDL-C unchanged or slightly decreased. Insulin resistance may improve with testos-
terone replacement [119—121].

Testosterone and other androgens activate hepatic lipase, which hydrolyzes phospholipids and TG
in HDL-C, leading to small HDL particles, release and degradation of ApoA-1, and reduced plasma HDL-
C [122—124]. Another mechanism is increased Scavenger receptor B1 (SR-B1) in the liver, which fa-
cilitates cholesterol transfer from HDL particles into the hepatocyte, thus decreasing plasma HDL-C
[125].

Risk of ASCVD

Some studies suggest that testosterone replacement increases ASCVD risk. More data are needed.
Management

It is appropriate to use testosterone in replacement doses in symptomatic male patients with low

testosterone levels [126]. Testosterone should not be used to improve dyslipidaemia or reduce ASCVD
risk [1].
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Testosterone and anabolic steroid abuse
Lipid and lipoprotein alterations

High doses of testosterone, which may be used off label to improve muscle strength and athletic
performance, have a greater effect on lipids compared to replacement doses. In 14 individuals taking
high dose androgens, HDL-C levels were reduced from 1.6 mmol/L (61 mg/dL) to 0.75 mmol/L (29 mg/
dL) [127]. In a double blind cross over trial of anabolic steroids, HDL-C was reduced by 25—27% and
returned to normal 6 weeks after steroid discontinuation [128]. In another study, high doses of an-
drogens reduced HDL-C by 50% to a mean level of 0.59 mmol/L (23 mg/dL) and raised LDL-C by more
than 50% to 4.9 mmol/L (188 mg/dL) [129].

Management

In patients with very low HDL-C (below 0.78 mmol/L [30 mg/dL]), the use of supraphysiological
doses of testosterone and/or other anabolic steroids should be suspected and evaluated by biochemical
testing. These patients may also have erythrocytosis. Use of high doses of androgens will suppress the
hypothalamic pituitary testicular axis, and recovery may take a year. Stopping these androgens may
result in a withdrawal syndrome characterized by depression, anxiety and a loss of self-esteem which
can last from weeks to months [130—132].

Gender-affirming hormone therapy
Lipid and lipoprotein alterations

Limited data are available about effects of sex steroid use on lipids in transgender individuals. A
meta-analysis of 29 studies found that in male transgender individuals, receiving androgen therapy, TG
and LDL-C were significantly increased at > 24 months [133]. The mean increase was 0.24 mmol/L
(21.4 mg/dL) for TG and 0.46 mmol/L (17.8 mg/dL) for LDL-C. HDL-C was significantly reduced, by a
mean of 0.22 mmol/L (8.5 mg/dL) at >24 months.

In female transgender individuals receiving estrogen, TG was significantly higher at >24 months
with a mean level of 0.36 mmol/L (31.9 mg/dL) and LDL-C and HDL-C were not changed. However, in
cross sectional studies that compared female transgender individuals with control groups, LDL-C was
significantly lower and significant changes in TG and HDL-C were not found [133].

Risk of ASCVD

Insufficient data are available to evaluate potential effects of gender affirming hormone therapy on
CVD morbidity and mortality [133].

Summary

Endocrine hormones affect lipid and lipoprotein metabolism. GH deficiency, acromegaly, Cushing
syndrome, chronic glucocorticoid replacement and hypothyroidism may elevate LDL-C and TG, and
lower HDL-C. These diseases are associated with increased cardiovascular risk, which could be related
to the hormone abnormality and/or dyslipidaemia. It is important to assess lipids in all these disorders.
The increased risk of ASCVD in people with Cushing syndrome and chronic glucocorticoid replacement,
warrant treatment with statins if LDL-C is above 1.8 mmol/L (70 mg/dL). Treatment of endocrine
diseases may reduce LDL-C and/or TG, although dyslipidaemia may remain. Thyroid hormone treat-
ment of overt and subclinical hypothyroidism reduces LDL-C. Treatment of hyperthyroidism raises LDL-
C. Therefore, in patients with hypo- or hyper-thyroidism, the lipid profile should be repeated when
thyroid function is normal.
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Post-menopausal women as a group have increased ASCVD risk, compared to premenopausal
women, although in postmenopausal women within 10 years after menopause, the risk of CHD may be
unchanged or possibly decreased, while the risk of venous thromboembolism is increased. Several RCTs
show that oestrogen (and progestin) therapy in older women (more than 10 years after the meno-
pause), is associated with increased risk of stroke, venous thromboembolism and CHD. Male hypo-
gonadism is associated with small changes in lipids and lipoproteins, which may improve with
testosterone therapy; however testosterone should be used for symptomatic hypogonadism and not
for LDL-C reduction. Men, and women, who take supra-physiological doses of testosterone and/or
other anabolic steroids (usually to build muscle and enhance athletic performance) have very low HDL-
C which should alert the endocrinologist to steroid abuse. Changes in lipids and lipoproteins associated
with gender affirming hormone therapy require further investigation.

More research is needed on the mechanisms of dyslipidaemia in endocrine disorders, and the ef-
fects of treatment of the endocrine disease on dyslipidaemia and ASCVD.

Practice points

e In adults with GH deficiency, use statins, rather than GH replacement to lower LDL-C.

e Use a statin as adjunct to lifestyle measures if LDL-C > 70 mg/dL in patients with acromegaly
post treatment.

e Before treating dyslipidaemia, rule out hypothyroidism.

e Re-assess the lipid profile after treatment of hyperthyroidism, when the patient is euthyroid.

e In adults with persistent Cushing syndrome post treatment, consider statin therapy regard-
less of the CV risk score.

e Assess the lipid profile and ASCVD risk factors to determine whether lipid lowering therapy
(statins) in patients taking chronic glucocorticoid therapy would be beneficial.

e In post-menopausal women, use statins, rather than hormone therapy to reduce LDL-C and
ASCVD risk.

e In adults with very low HDL-C, suspect use of supraphysiological doses of testosterone and/
or other anabolic steroids.

Research agenda

Clinical trials to determine the best management of overt and subclinical hypothyroidism in
men and women, with and without ASCVD

CVD outcomes trials to evaluate effects of GH replacement in GH deficient adults
Evaluation of ASCVD risk in men and women taking chronic glucocorticoids at replacement
levels and above replacement levels

Effect of statins on insulin resistance and diabetes in women with PCOS

Long term effects of anabolic steroids in men and women, and safe and effective treatments
for withdrawal syndrome and infertility

e Effects of gender affirming hormone therapy on lipids, lipoproteins and ASCVD risk
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