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Abstract 

Introduction. Hypercholesterolemia is typically associated with obesity and metabolic 

syndrome, yet elevated total and LDL cholesterol are also frequently observed in underweight 

individuals, including patients with anorexia nervosa (AN). This paradox can cause diagnostic 

uncertainty when lipid results are interpreted based on concepts derived from obesity-related 

dyslipidemia. 

Aim. To summarize current evidence on mechanisms underlying hypercholesterolemia in 

underweight individuals, with emphasis on AN, and to outline its clinical significance and 

management. 

Materials and Methods. A narrative review of PubMed and Google Scholar literature 

published up to July 2026, prioritizing systematic reviews, meta-analyses, and observational 

studies on lipid abnormalities in underweight populations. 

Results. Hypercholesterolemia in starvation states arises from reduced hepatic LDL-receptor 

activity, a low-T3 endocrine state, altered cortisol, insulin and leptin signalling, impaired bile 

acid synthesis, and altered lipoprotein transport, rather than dietary cholesterol intake. These 

adaptations differ from obesity-driven dyslipidemia and generally improve with nutritional 

rehabilitation. 

Conclusions. Hypercholesterolemia associated with underweight is usually a reversible 

metabolic adaptation to prolonged energy deficiency. Nutritional rehabilitation should be the 

primary treatment strategy, whereas persistent lipid abnormalities after weight restoration 

require further diagnostic evaluation. 

Keywords: anorexia nervosa, hypercholesterolemia, underweight, malnutrition, lipid 

metabolism, nutritional rehabilitation 
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1. Introduction 

Hypercholesterolemia is commonly associated with obesity, metabolic syndrome, and 

increased cardiovascular risk. In clinical practice, elevated total cholesterol (TC) and low-

density lipoprotein cholesterol (LDL-C) concentrations are therefore often interpreted as 

markers of a metabolic profile requiring lifestyle modification or lipid-lowering therapy. 

However, elevated cholesterol levels may also occur in individuals with low body weight, 

including patients with anorexia nervosa (AN), chronic malnutrition, or prolonged energy 

deficiency. This apparent paradox may lead to diagnostic uncertainty and inappropriate clinical 

management [1–3].  

Among underweight individuals, anorexia nervosa is the best-studied condition associated with 

hypercholesterolemia. A recent systematic review and meta-analysis demonstrated that patients 

with acute AN have significantly higher concentrations of total cholesterol, LDL-C, high-

density lipoprotein cholesterol (HDL-C), triglycerides, and apolipoprotein B than healthy 

controls [1]. Although lipid concentrations often improve after nutritional rehabilitation, 

normalisation is not immediate and the mechanisms responsible for these abnormalities remain 

incompletely understood [1–3]. Proposed explanations include reduced LDL receptor activity, 

altered hepatic cholesterol metabolism, hormonal adaptations to starvation, and changes in 

cholesterol transport [2,3].  

Similar lipid abnormalities have also been described in other conditions characterised by 

prolonged low energy availability, including severe malnutrition and restrictive eating 

behaviors. Therefore, elevated cholesterol concentrations in underweight individuals should 

not automatically be interpreted as evidence of primary dyslipidemia. Instead, clinicians should 

distinguish adaptive metabolic changes associated with starvation from disorders requiring 

further investigation, such as familial hypercholesterolemia or endocrine disease [1,2].  

The aim of this narrative review is to summarize current evidence on the mechanisms 

responsible for hypercholesterolemia in underweight individuals, with particular emphasis on 

anorexia nervosa and other conditions associated with low energy availability. The review also 

discusses the clinical significance of these lipid abnormalities and provides practical 

recommendations for their diagnosis and management. 

2. Materials and methods 

This article is a narrative review. A literature search was conducted using the PubMed 

(MEDLINE) and Google Scholar databases for studies published in English up to July 2026. 

Search terms included combinations of "hypercholesterolemia", "cholesterol", "low body 
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weight", "underweight", "anorexia nervosa", "malnutrition", "starvation", "energy deficiency", 

"RED-S", "lipid metabolism", "LDL cholesterol", and "refeeding". Priority was given to 

systematic reviews, meta-analyses, randomized and observational studies investigating lipid 

abnormalities in underweight individuals and the mechanisms responsible for these changes. 

Reference lists of relevant publications were manually screened to identify additional studies. 

Case reports, conference abstracts without peer-reviewed full texts, and non-English 

publications were excluded. 

3. Cholesterol metabolism during starvation 

3.1. Normal cholesterol metabolism 

Cholesterol is an essential component of cell membranes and serves as a precursor for steroid 

hormones, bile acids, and vitamin D. It is obtained from dietary sources and endogenous 

synthesis, which occurs mainly in the liver. Cholesterol is transported in the circulation by 

lipoproteins. Low-density lipoprotein (LDL) delivers cholesterol from the liver to peripheral 

tissues, whereas high-density lipoprotein (HDL) participates in reverse cholesterol transport by 

carrying excess cholesterol back to the liver for excretion [4]. 

Under physiological conditions, cholesterol homeostasis is maintained by a balance between 

hepatic cholesterol synthesis, intestinal absorption, LDL receptor-mediated clearance, and 

biliary cholesterol excretion. When circulating LDL cholesterol increases, hepatic LDL 

receptor expression normally increases, enhancing LDL clearance and preventing excessive 

cholesterol accumulation. At the same time, endogenous cholesterol synthesis decreases 

through inhibition of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, the 

rate-limiting enzyme of cholesterol synthesis [4,5]. 

During prolonged starvation, these regulatory mechanisms become altered. Although dietary 

cholesterol intake is markedly reduced, serum cholesterol concentrations may remain 

unchanged or even increase. This paradox suggests that lipid abnormalities in underweight 

individuals are primarily caused by metabolic adaptations rather than excessive dietary 

cholesterol intake [1,4]. 

3.2. Metabolic adaptations to starvation 

Starvation induces profound metabolic adaptations that allow the body to conserve energy and 

maintain the function of vital organs. Glycogen stores become depleted within the first 24 hours 

of fasting, after which energy production gradually shifts toward lipolysis, fatty acid oxidation, 

and ketone body production. At the same time, resting energy expenditure decreases and 
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several endocrine adaptations develop, including lower triiodothyronine (T3), insulin, and 

leptin concentrations, together with increased cortisol secretion [1,6,7]. 

These hormonal changes influence lipid metabolism. Reduced thyroid hormone activity slows 

hepatic LDL receptor expression and decreases cholesterol clearance, while lower metabolic 

rate reduces cholesterol turnover. In addition, prolonged energy deficiency modifies bile acid 

synthesis and cholesterol excretion. Rather than representing pathological dyslipidemia, these 

changes are generally considered as adaptive responses that preserve essential lipid substrates 

during periods of nutrient deprivation [1,2,6].  

Importantly, these metabolic adaptations differ from those observed in obesity-related 

hypercholesterolemia. In obesity, elevated LDL cholesterol is mainly associated with insulin 

resistance, increased hepatic lipoprotein production, and chronic low-grade inflammation [8]. 

In contrast, hypercholesterolemia in underweight individuals develops despite low fat intake, 

reduced adipose tissue, and increased insulin sensitivity, suggesting a fundamentally different 

pathophysiological mechanism [1]. 

4. Mechanisms of hypercholesterolemia in underweight individuals 

4.1. Reduced LDL receptor activity  

Among the proposed mechanisms, reduced hepatic LDL receptor activity has received the 

greatest attention. Under normal physiological conditions, LDL receptors located on 

hepatocytes remove circulating LDL particles from the bloodstream and maintain cholesterol 

homeostasis. Impaired receptor activity decreases LDL clearance, resulting in elevated plasma 

LDL cholesterol concentrations [9,10]. 

Several studies suggest that starvation and anorexia nervosa are associated with reduced LDL 

receptor expression or activity. Decreased triiodothyronine (T3) concentrations, a 

characteristic endocrine adaptation to prolonged energy deficiency, appear to play an important 

role. Thyroid hormones normally stimulate hepatic LDL receptor synthesis; therefore, the low-

T3 state observed in anorexia nervosa may reduce LDL uptake and contribute to 

hypercholesterolemia [10,11]. 

Evidence supporting this mechanism also comes from studies of nutritional rehabilitation. 

Serum LDL cholesterol often decreases during weight restoration despite increased dietary 

cholesterol intake, suggesting that recovery of hepatic LDL receptor function is more important 

than dietary cholesterol intake [1,10]. These observations indicate that hypercholesterolemia 

in underweight individuals is largely a consequence of altered cholesterol clearance rather than 

excessive cholesterol production. 
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Nevertheless, reduced LDL receptor activity alone does not fully explain the lipid 

abnormalities observed in all patients. Some individuals maintain elevated HDL cholesterol or 

total cholesterol even after partial weight recovery, while others show only modest lipid 

changes despite severe malnutrition [1]. These findings suggest that additional metabolic 

pathways contribute to the development of hypercholesterolemia. 

4.2. Hormonal adaptations to starvation 

Prolonged energy deficiency induces profound endocrine changes that help preserve energy 

but also influence lipid metabolism. One of the most consistent findings in anorexia nervosa is 

the development of the so-called low-T3 syndrome, characterised by reduced circulating 

triiodothyronine concentrations despite normal or slightly reduced thyroxine (T4) levels. This 

adaptation lowers resting energy expenditure and reduces metabolic rate, but it may also 

decrease hepatic LDL receptor expression and slow cholesterol clearance [11,12]. 

Starvation is also associated with reduced insulin and leptin concentrations and increased 

cortisol secretion. Low insulin suppresses anabolic pathways, whereas leptin deficiency 

reflects depleted fat stores and contributes to neuroendocrine adaptations. Elevated cortisol 

promotes lipolysis and mobilization of fatty acids, altering hepatic lipid metabolism. Together, 

these hormonal changes modify cholesterol synthesis, transport, and clearance rather than 

simply increasing cholesterol production [11–14]. 

Although each endocrine alteration probably has only a modest effect, their combined influence 

may explain why hypercholesterolemia develops despite minimal dietary cholesterol intake. 

Importantly, many of these hormonal abnormalities improve during nutritional rehabilitation, 

paralleling normalisation of the lipid profile in many patients [1,11]. 

4.3. Altered hepatic cholesterol metabolism and bile acid synthesis 

The liver plays a central role in maintaining cholesterol homeostasis through cholesterol 

synthesis, lipoprotein production, and conversion of cholesterol into bile acids. During 

prolonged starvation, several of these processes are altered as part of the metabolic adaptation 

to energy deficiency. Rather than reflecting excessive cholesterol production, 

hypercholesterolemia appears to result from reduced cholesterol turnover and impaired 

clearance [1,15].  

One proposed mechanism is a reduction in bile acid synthesis. Because bile acids represent the 

main route of cholesterol elimination, decreased conversion of cholesterol into bile acids may 

contribute to cholesterol accumulation in the circulation. Evidence from metabolic studies in 
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anorexia nervosa suggests that patients with the restrictive subtype have lower bile acid 

synthesis than healthy individuals, supporting the concept that impaired cholesterol catabolism 

contributes to elevated serum cholesterol concentrations [15].  

These findings are consistent with the broader concept that starvation slows many energy-

consuming metabolic pathways. Reduced hepatic cholesterol turnover, together with decreased 

LDL clearance, probably contributes to the persistence of elevated serum cholesterol despite 

very low dietary cholesterol intake. However, current evidence suggests that this mechanism 

acts together with other metabolic adaptations rather than representing the sole explanation for 

hypercholesterolemia. 

4.4. Cholesterol transport and CETP activity 

Changes in cholesterol transport may also contribute to hypercholesterolemia in underweight 

individuals. Cholesteryl ester transfer protein (CETP) facilitates the exchange of cholesteryl 

esters and triglycerides between HDL and apoB-containing lipoproteins and therefore plays an 

important role in lipoprotein remodeling. Increased CETP activity has been reported in patients 

with anorexia nervosa and has been proposed as an adaptation that accelerates cholesterol 

turnover under conditions of low dietary intake [11]. 

In addition to increased CETP activity, several studies have demonstrated higher circulating 

concentrations of other apolipoproteins A-I, B, C-II, C-III, and E in patients with acute anorexia 

nervosa. These findings suggest that starvation affects not only cholesterol concentrations but 

also the composition and transport of circulating lipoproteins [1].  

Despite these observations, it remains uncertain whether increased CETP activity represents a 

primary mechanism or a secondary adaptation to starvation, and how it interacts with the 

concurrent changes in receptor-mediated clearance and hepatic lipoprotein production 

described above. Current evidence indicates that alterations in cholesterol transport are unlikely 

to explain hypercholesterolemia independently but probably amplify the effects of reduced 

LDL clearance and altered hepatic cholesterol metabolism. Therefore, CETP should be 

considered one component of a broader adaptive response rather than the principal cause of 

lipid abnormalities in underweight individuals. 

5. Clinical significance of hypercholesterolemia in underweight individuals 

5.1. Is hypercholesterolemia harmful in underweight patients? 

Although elevated LDL cholesterol is a well-established cardiovascular risk factor in the 

general population, its clinical significance in underweight individuals remains uncertain. 
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Hypercholesterolemia associated with anorexia nervosa or prolonged starvation develops in a 

metabolic environment that differs markedly from obesity-related dyslipidemia. Patients are 

typically young, insulin sensitive, normotensive, and have very low visceral fat mass. 

Therefore, elevated cholesterol concentrations in this setting may not carry the same 

cardiovascular implications as primary hypercholesterolemia [16–18]. 

Several studies have shown that lipid abnormalities often improve during nutritional 

rehabilitation without lipid-lowering treatment, suggesting that hypercholesterolemia is largely 

a reversible metabolic adaptation rather than a permanent disorder of lipid metabolism [1,16]. 

At present, there is little evidence that transient hypercholesterolemia associated with anorexia 

nervosa leads to premature atherosclerotic cardiovascular disease, although structural cardiac 

complications of AN itself are well documented and long-term prospective data remain limited 

[17,19]. 

Consequently, elevated cholesterol in an underweight patient should be interpreted in the 

context of the overall clinical picture rather than considered an isolated indication for 

pharmacological treatment. The primary therapeutic goal should be correction of the 

underlying energy deficiency rather than normalisation of lipid concentrations alone. 

5.2. Effect of nutritional rehabilitation on lipid profile 

Nutritional rehabilitation remains the cornerstone of treatment for hypercholesterolemia 

associated with anorexia nervosa and other forms of severe undernutrition. Unlike primary 

dyslipidemia, in which cholesterol concentrations often require long-term pharmacological 

management, starvation-induced hypercholesterolemia usually improves as energy balance and 

body weight are restored [1]. 

Several longitudinal studies have demonstrated that total and LDL cholesterol concentrations 

generally decrease during nutritional rehabilitation, although the rate of normalisation varies 

considerably between individuals. In a prospective study of patients with anorexia nervosa, 

Rigaud et al. showed a biphasic lipoprotein pattern - low values at the very lowest body 

weights, normal values at an intermediate stage and elevated values as weight approached the 

higher end of malnourished range, with progressive normalisation of the lipid profile during 

refeeding [11]. This pattern indicated that the relationship between body weight and cholesterol 

is not linear; the most severely malnourished patients may show low rather than high 

cholesterol. Feillet et al., studying refeeding in adolescent girls with AN, found that 

endogenous cholesterol synthesis was relatively low at admission and rose significantly during 

30 days of refeeding as apolipoprotein B fell and cholesterol level normalised. This observation 
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indicated that the initial elevation was not attributable to increased de novo cholesterol 

synthesis [20].  

Importantly, persistent hypercholesterolemia after successful nutritional rehabilitation should 

be evaluated in terms of alternative causes of dyslipidemia, including familial 

hypercholesterolemia, hypothyroidism, chronic liver disease, or nephrotic syndrome. 

Therefore, serial assessment of lipid concentrations during recovery is often more informative 

than a single measurement obtained during acute starvation. 

6. Clinical management of hypercholesterolemia in underweight individuals 

6.1. Initial clinical assessment 

The first step in managing hypercholesterolemia in an underweight patient is to identify the 

underlying cause of low body weight, which may include anorexia nervosa as defined by DSM-

5 criteria [21]. A detailed medical history should include recent weight loss, eating habits, 

physical activity, gastrointestinal symptoms, medication use, and family history of premature 

cardiovascular disease or familial hypercholesterolemia [22]. In female patients, menstrual 

history may provide additional information about chronic energy deficiency and endocrine 

function [13]. 

Physical examination should assess nutritional status, body mass index (BMI), signs of 

malnutrition, and features suggesting alternative causes of dyslipidemia, such as 

hypothyroidism, chronic liver disease, nephrotic syndrome, or inherited lipid disorders. 

Because anorexia nervosa is frequently underdiagnosed, clinicians should also consider 

psychological assessment when restrictive eating behaviors or body image disturbance are 

suspected [23]. 

Routine laboratory evaluation should include a fasting lipid profile, complete blood count, liver 

function tests, renal function, thyroid-stimulating hormone (TSH), glucose, and inflammatory 

markers where clinically indicated. In selected patients, measurement of apolipoprotein B, 

lipoprotein(a), or genetic testing for familial hypercholesterolemia may be appropriate if lipid 

concentrations remain markedly elevated after nutritional recovery [24,25]. 

6.2. Is lipid-lowering therapy necessary? 

Current evidence does not support routine lipid-lowering therapy in patients with starvation-

related hypercholesterolemia. Unlike primary hypercholesterolemia, elevated cholesterol 

concentrations in anorexia nervosa are usually secondary to metabolic adaptations and often 

improve with nutritional rehabilitation [1,11]. Therefore, pharmacological treatment should 
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generally not be initiated during the acute phase of malnutrition unless another indication for 

lipid-lowering therapy is clearly present. 

Instead, the primary therapeutic goal should be restoration of adequate energy intake and 

gradual weight recovery; refeeding should be managed carefully to avoid refeeding syndrome 

[26,27]. Nutritional rehabilitation not only improves body composition but also reverses many 

endocrine and metabolic adaptations responsible for impaired cholesterol metabolism. Serial 

monitoring of lipid concentrations during recovery is therefore recommended before 

considering statin therapy [11,22]. 

Persistent elevation of LDL cholesterol despite successful weight restoration should prompt 

reassessment for primary dyslipidemia or secondary causes unrelated to starvation. In such 

cases, referral to a lipid specialist may be appropriate. 

6.3. Follow-up and monitoring 

Patients should be monitored throughout nutritional rehabilitation to assess both clinical 

recovery and changes in lipid metabolism. Body weight, BMI, dietary intake, and lipid profile 

should be reassessed regularly. Because cholesterol concentrations may remain elevated for 

several weeks or months despite improved caloric intake, clinicians should interpret laboratory 

results together with the patient's nutritional progress rather than relying on isolated lipid 

measurements [11]. 

A repeat fasting lipid profile approximately 8–12 weeks after initiation of nutritional 

rehabilitation is reasonable in most patients. If substantial hypercholesterolemia persists after 

weight stabilization, additional investigations should be considered to exclude familial 

hypercholesterolemia, endocrine disorders, liver disease, or nephrotic syndrome [24]. 

Overall, management should focus on treating the underlying nutritional disorder rather than 

the biochemical abnormality itself. This approach minimizes unnecessary pharmacological 

treatment while ensuring that persistent dyslipidemia is appropriately investigated. 

7. Practical recommendations 

Based on the available evidence, hypercholesterolemia in underweight individuals should be 

interpreted in the context of nutritional status rather than as an isolated lipid abnormality. Since 

elevated cholesterol concentrations are often a reversible consequence of prolonged energy 

deficiency, management should primarily focus on identifying and treating the underlying 

cause of low body weight. 

The following practical recommendations may be helpful in clinical practice: 
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• Assess nutritional status, recent weight loss, dietary habits, and possible eating 

disorders in every underweight patient presenting with hypercholesterolemia [22,23]. 

• Exclude secondary causes of dyslipidemia, including hypothyroidism, liver disease, 

nephrotic syndrome, and inherited lipid disorders when clinically indicated [24]. 

• Consider nutritional rehabilitation as the first-line treatment, as lipid abnormalities 

frequently improve with weight restoration [1,11]. 

• Avoid routine lipid-lowering therapy during acute malnutrition unless another clear 

indication for treatment exists [22]. 

• Repeat the lipid profile after nutritional recovery before establishing a diagnosis of 

persistent dyslipidemia or initiating long-term pharmacological therapy [11,24]. 

• Refer patients with persistent severe hypercholesterolemia despite adequate nutritional 

recovery for further specialist evaluation. 

These recommendations emphasize that treatment should target the underlying nutritional 

disorder rather than cholesterol concentrations alone. 

8. Limitations and future research directions 

This review has several limitations. First, it is a narrative review and therefore does not include 

a formal risk-of-bias assessment or quantitative meta-analysis. Although the literature search 

was broad and focused on clinically relevant studies, it was not conducted according to 

systematic review methodology. 

Another limitation is the relatively small amount of available evidence. Most studies 

investigating hypercholesterolemia in underweight individuals have been conducted in patients 

with anorexia nervosa, while data on other populations with chronic undernutrition, such as 

individuals with constitutional thinness [28], chronic illness, or Relative Energy Deficiency in 

Sport (RED-S) [29], remain limited. Many published studies are also based on relatively small 

sample sizes and differ in study design, diagnostic criteria, and duration of follow-up, making 

direct comparison difficult. 

The mechanisms responsible for starvation-associated hypercholesterolemia have not yet been 

fully clarified. Although reduced LDL receptor activity, endocrine adaptations, altered 

cholesterol transport, and impaired bile acid metabolism have all been proposed, their relative 

contribution remains uncertain. In addition, long-term cardiovascular outcomes in patients with 

transient starvation-induced hypercholesterolemia have not been adequately investigated. 

Future studies should include larger prospective cohorts and well-designed longitudinal studies 

evaluating lipid metabolism before, during, and after nutritional rehabilitation. Research 
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involving patients with RED-S, constitutional thinness, and other forms of chronic 

undernutrition would help determine whether the mechanisms described in anorexia nervosa 

can be generalized to other underweight populations. Further investigation is also needed to 

establish whether temporary hypercholesterolemia during starvation has any long-term clinical 

significance or represents a completely reversible metabolic adaptation. 

9. Conclusions 

Hypercholesterolemia in underweight individuals represents a well-recognized but often 

misunderstood metabolic phenomenon. Current evidence indicates that elevated cholesterol 

concentrations during prolonged energy deficiency are primarily the result of adaptive changes 

in cholesterol metabolism rather than excessive dietary cholesterol intake. Reduced LDL-

receptor activity, endocrine adaptations, altered lipoprotein metabolism, and impaired 

cholesterol clearance appear to contribute to this process. 

In most patients, hypercholesterolemia improves during nutritional rehabilitation, supporting 

the concept that treatment should primarily focus on restoring adequate nutritional status rather 

than routine lipid-lowering therapy. Careful clinical assessment remains essential to distinguish 

starvation-related hypercholesterolemia from primary or secondary disorders of lipid 

metabolism that require additional investigation or treatment. 

Overall, the available evidence supports an individualized approach based on nutritional status, 

clinical presentation, and the underlying cause of low body weight. Although important 

advances have been made in understanding the metabolic adaptations associated with 

starvation, further research is needed to clarify the mechanisms responsible for 

hypercholesterolemia and to determine its long-term clinical implications in both patients with 

anorexia nervosa and other underweight populations. 
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