
Secondary Hyperparathyroidism

Mechanisms • parathyroid morphology • renal osteodystrophy • clinical 
correlation

A pathology lecture grounded in parathyroid and renal bone disease

Dr Abu Suraih Sakhri
MBBS, MD (Pathology)

www.abusuraihsakhri.com

https://www.abusuraihsakhri.com


Learning outcomes

• Distinguish compensatory from autonomous PTH excess.

• Trace renal phosphate retention and diminished active vitamin D to parathyroid stimulation.

• Identify glandular hyperplasia, systemic calcification and skeletal consequences.

• Explain the transition to tertiary hyperparathyroidism and its implications.



A compensatory endocrine disorder

Sustained hypocalcemic drive → excess parathyroid hormone (PTH)

• Secondary hyperparathyroidism is a response to persistent mineral imbalance.

• Chronic renal failure is a major setting; Low calcium intake, malabsorption and vitamin D 
deficiency are additional causes.

• The underlying stimulus—not a primary parathyroid tumor—initiates PTH excess.



Ionized calcium controls the gland

Ionized Ca²⁺ falls

Input sensed by the 
parathyroid

PTH secretion increases

Compensatory endocrine 
response

Ca²⁺-raising actions

Kidney, intestine and bone

In normal feedback regulation, correction of hypocalcemia suppresses further PTH release.



Normal parathyroid architecture

Chief cells predominate and 
contain PTH secretory granules.

Oxyphil cells occur singly or in 
small clusters.

Stromal adipose tissue is a 
normal adult constituent.

Schematic of normal parathyroid tissue — not a histologic specimen



PTH actions at the kidney

Calcium conservation Phosphate disposal

• Increases tubular calcium reabsorption.

• Helps maintain circulating ionized 
calcium.

• Increases phosphate excretion in urine.

• Reduced phosphate indirectly favors 
higher free calcium.

Kidney function is essential for the full compensatory response to PTH.



PTH links kidney and intestine

PTH signal

Acts on functioning kidney

Active vitamin D synthesis

Renal conversion increases

Intestinal Ca²⁺ uptake

Greater calcium absorption

Loss of renal activation of vitamin D interrupts this calcium-conserving pathway.



PTH mobilizes skeletal calcium

PTH excess

Signaling to bone-forming cells

Increased RANKL

Osteoclast differentiation 
promoted

Bone resorption

Calcium released from 
skeleton

Persistent activation of this pathway helps explain the high-turnover skeletal lesions.



Normal endocrine negative feedback

Low ionized Ca²⁺

PTH release rises

Ca²⁺ mobilization

Corrective physiological effects

Restored Ca²⁺

PTH release decreases

Secondary hyperparathyroidism reflects a stimulus that persists despite compensatory PTH secretion.



Primary, secondary and tertiary forms

Type Reason for high PTH Regulatory state

Primary Intrinsic parathyroid overproduction Autonomous

Secondary
Chronic calcium–phosphate/vitamin D 
disturbance

Compensatory

Tertiary
Long-standing secondary disease 
evolves

Autonomous after chronic stimulation



Why PTH secretion becomes sustained

Renal setting Nonrenal settings

• Chronic renal insufficiency impairs 
phosphate excretion.

• Loss of functional renal tissue reduces 
vitamin D activation.

• Inadequate dietary calcium intake.

• Steatorrhea and vitamin D deficiency 
reduce calcium availability.

Different initiating diseases can converge on chronic hypocalcemic drive.



Two major renal pathways converge

Renal insufficiency

Impaired mineral 
regulation

Phosphate retention

Ca²⁺ falls

Reduced calcitriol

Intestinal Ca²⁺ uptake 
falls

PTH increases

Persistent stimulation

This is a schematic integration: Both phosphate and vitamin D pathways contribute.



Declining phosphate excretion

Kidney dysfunction

Less phosphate eliminated

Phosphate retained

Hyperphosphatemia

Serum Ca²⁺ depressed

Parathyroid stimulated

Phosphate retention helps drive secondary hyperparathyroidism in renal failure.



Phosphate changes calcium availability

Elevated phosphate can reduce free serum calcium

• An inverse influence of retained phosphate on circulating calcium.

• Lower ionized calcium is the proximal stimulus for PTH synthesis and release.

• The phosphate–calcium interaction is one part of a multifactorial process.



The renal vitamin D bottleneck

Functional renal mass falls

Renal hydroxylase availability 
decreases

Less active vitamin D

Reduced calcitriol generation

Less intestinal calcium 
uptake

Persistent calcium deficit

The relevant renal activation step is 1α-hydroxylation (the source conversion can distort the symbol).



Calcitriol restrains secondary disease

Calcium economy Parathyroid effects

• Active vitamin D supports intestinal 
calcium absorption.

• Reduced calcitriol sustains inadequate 
calcium uptake.

• Vitamin D normally restrains gland 
growth.

• Vitamin D also suppresses PTH secretion.

Vitamin D depletion removes both a calcium-supplying and a parathyroid-inhibiting influence.



A self-reinforcing endocrine stimulus

Renal disease

Phosphate retention + 
low calcitriol

Reduced calcium 
availability

Chronic stimulus

Persistent PTH 
output

Parathyroid 
hyperactivity

Glandular growth

Hypercellularity over 
time

Persistent stimulation can change gland structure as well as hormone production.



Mechanisms are multifactorial

Renal secondary hyperparathyroidism is not explained by one pathway

• Phosphate retention and impaired vitamin D activation reinforce each other.

• Metabolic abnormalities accompanying kidney failure affect bone directly.

• The complete mechanism remains complex and incompletely understood.



Bone–kidney endocrine crosstalk

Osteocyte FGF-23

Phosphate-regulatory 
hormone

Renal Klotho-dependent 
signaling

Supports phosphate excretion

Klotho expression declines 
in CKD

Phosphate retention worsens

This additional pathway is discussed’ renal osteodystrophy section, not as an isolated definitive 
explanation.



Metabolic acidosis adds skeletal injury

Renal tubular dysfunction Skeletal response

• Can generate tubular and systemic 
acidosis.

• Exists alongside phosphate and vitamin 
D derangements.

• Acidosis promotes osteoblastic RANKL 
expression.

• RANKL-mediated osteoclast activity 
increases bone resorption.

A contributor to renal osteodystrophy; Do not mistake acidosis for the sole cause of elevated PTH.



Integrated pathogenesis map

Chronic kidney dysfunction

Phosphate retention
↑ serum phosphate

Reduced renal activation
Of vitamin D

Chronic calcium deficit

Sustained PTH secretion → hyperplasia

Original editable mechanism schematic



The parathyroid glands become hypercellular

Chronic physiological drive produces glandular hyperplasia

• Hyperplastic parathyroids contain increased numbers of functioning cells.

• Chief cell and water-clear cell populations may expand.

• Glandular enlargement can be nonuniform despite a systemic stimulus.



Chief cell hyperplasia

An increased density of 
parathyroid chief cells is 
characteristic.

The growth pattern can be 
diffuse or multinodular.

This schematic does not 
replicate an H&E 
photomicrograph.

Schematic chief cell-rich gland — not a histologic specimen



Water-clear cell hyperplasia

Some hyperplastic glands 
contain water-clear cells.

The name describes abundant 
clear-appearing cytoplasm.

This cytologic pattern does not 
establish cause by itself.

Schematic clear-cell phenotype — not a histologic specimen



Diffuse and multinodular patterns

Diffuse hyperplasia Multinodular hyperplasia

• Expanded parenchyma distributed 
throughout much of the gland.

• A general increase in endocrine 
cellularity.

• Multiple hypercellular aggregates within 
the gland.

• Architectural heterogeneity may develop 
with chronic stimulation.

Either distribution is compatible with secondary hyperparathyroidism.



Diffuse versus nodular gland growth

Diffuse parenchymal expansion Multiple enlarged nodules

Schematic growth distributions; Not diagnostic histology



Why asymmetric enlargement matters

• The four glands need not enlarge to the same degree.

• Apparent sparing of one gland does not exclude a systemic hyperplastic process.

• A single conspicuous gland cannot be assumed to represent a primary adenoma without 
context.

• Microscopic overlap makes morphology alone insufficient for classification.



Loss of normal stromal fat

As parathyroid parenchyma 
proliferates, adipose tissue 
becomes sparse.

Reduced stromal fat supports a 
hypercellular appearance.

Fat content must be interpreted 
in relation to normal physiology 
and patient context.

Normal-to-hyperplastic tissue comparison — schematic only



Hyperplasia versus adenoma: Limits of histology

Feature Hyperplasia Adenoma

Distribution
May affect several glands, 
asymmetrically

Usually solitary in primary disease

Architecture Diffuse or nodular proliferation Well-circumscribed proliferating cells

Stromal fat Frequently reduced Often inconspicuous

Definitive distinction Requires clinical/glandular context Histology alone may overlap



A clinicopathologic diagnosis

No single microscopic feature proves secondary hyperparathyroidism

• The stimulus, biochemical context and gland distribution matter.

• Diffuse/nodular chief cell proliferation and low fat are not cause-specific.

• Histologic distinction between hyperplasia and adenoma may be impossible.



Mineral derangement affects extraosseous tissues

Renal mineral imbalance

Phosphate–calcium regulation 
altered

Calcium deposition

Extraosseous metastatic 
calcification

Affected organs

Lung, heart, stomach, vessels

Metastatic calcification is described in multiple tissues in the Robbins pathology section.



Sites of metastatic calcification

Visceral sites Vascular site

• Lung and heart may contain deposits.

• Stomach is another described site.

• Blood vessel walls may calcify.

• Vascular calcification is particularly 
clinically consequential.

These are possible distributions, not a claim that every patient has deposits in all organs.



Vascular calcification: Structural effect

Mineral deposits
In vessel wall

Potential consequence:
Compromised tissue 

perfusion

Schematic vessel-wall mineral deposition — not an angiogram or specimen



Calciphylaxis: Vascular injury to ischemia

Vascular calcification

Mineral deposited in affected 
vessels

Compromised perfusion

Tissue ischemia

Cutaneous/organ injury

Calciphylaxis clinical syndrome

Calciphylaxis as an occasional severe consequence of vascular calcification.



Do not equate calcification with calciphylaxis

Calciphylaxis is an ischemic clinical complication

• Vascular mineral deposition is the structural background.

• Tissue ischemia distinguishes the clinically destructive complication.

• The source describes possible injury to skin and other organs; Frequency and diagnostic 
criteria are not quantified.



Renal osteodystrophy is a composite bone disorder

Skeletal abnormalities caused by chronic kidney disease

• Includes abnormalities associated with dialysis and chronic renal failure.

• Encompasses osteopenia/osteoporosis, osteomalacia, and secondary hyperparathyroid 
bone disease.

• Growth disturbance is a potential component in skeletally immature patients.



Three bone turnover patterns in renal disease

Pattern Histologic behavior Teaching distinction

High turnover
Resorption and formation increased; 
Resorption predominates

Compatible with PTH-driven 
remodeling

Low turnover
Adynamic bone; Less commonly 
osteomalacia

Low cellular remodeling activity

Mixed Regions of high and low turnover Heterogeneous process



High-turnover renal bone pathology

Elevated PTH

Sustained endocrine drive

Osteoclast recruitment

Increased resorptive activity

Remodeling imbalance

Bone loss and fibrosis

High-turnover osteodystrophy is the skeletal pattern most directly related to PTH excess.



Low turnover is a distinct pattern

Adynamic bone Osteomalacia

• Little osteoclastic activity.

• Little osteoblastic activity.

• An alternative low-turnover renal lesion.

• Impaired matrix mineralization is 
important.

Not every skeletal abnormality in chronic renal disease reflects excessive osteoclast activation.



Mixed renal osteodystrophy

High-turnover component Low-turnover component

• Active bone resorption and formation.

• PTH-associated remodeling effects.

• Regions of weak cellular activity.

• Heterogeneity within affected skeleton.

Mixed disease illustrates the complexity of CKD-associated bone pathology.



Vitamin D deficiency and osteomalacia

Reduced renal calcitriol

Less gut calcium uptake

Insufficient mineral supply

Bone matrix mineralization 
impaired

Osteomalacia

A component of renal 
osteodystrophy

Renal osteodystrophy combines impaired mineralization with endocrine-driven turnover 
disturbances.



PTH activates osteoclasts indirectly

PTH acts on bone cells

Osteoblastic signaling altered

RANKL expression rises

Osteoclastogenesis promoted

Resorption increases

Bone matrix removed

The PTH–RANKL connection is specified in the Robbins skeletal pathogenesis section.



High-turnover bone resorption

Osteoclasts at eroded surface Remodeling lacunae weaken trabecular bone

Schematic osteoclast-mediated cortical/trabecular resorption — not H&E



Subperiosteal and endosteal resorption

Cortical bone is especially affected in hyperparathyroidism

• Osteoclast activity is prominent at subperiosteal and endosteal surfaces.

• Cancellous trabeculae may also be resorbed.

• The pattern connects sustained PTH action to structural weakening.



Dissecting osteitis develops in trabeculae

Osteoclasts tunnel

Into central trabecular bone

Linear resorption tracks

Railroad-track appearance

Marrow reaction

Fibrovascular tissue replaces 
adjacent spaces

“Dissecting osteitis” is a descriptive morphologic term, not evidence of inflammation.



Marrow fibrosis follows resorption

Immediate lesion Repair response

• Trabecular surfaces are undermined by 
osteoclasts.

• Bone mass is progressively lost.

• Fibrovascular tissue replaces affected 
marrow spaces.

• Fibrous change contributes to severe 
osteitis fibrosa.

Pathologic bone resorption is coupled to a reactive stromal response.



How brown tumors form

Bone loss

Microfracture risk increases

Hemorrhage and 
macrophages

Local reactive response

Fibrous reparative mass

Brown tumor develops

Brown color reflects blood products, vascularity and hemosiderin; These are reactive lesions.



Brown tumors are not parathyroid neoplasms

Reactive skeletal masses from severe resorptive injury

• May contain hemorrhage, hemosiderin, macrophages and reparative fibrous tissue.

• Can develop cystic degeneration.

• The term “tumor” denotes a mass-like lesion rather than a true neoplasm.



Osteitis fibrosa cystica: The severe pattern

High osteoclast activity

Marked resorption

Peritrabecular fibrosis

Reactive stromal change

Cystic brown tumors

Focal mass-like lesions

Their combination characterizes generalized osteitis fibrosa cystica.



Clinical effects of renal bone disease

Structural consequences Functional consequences

• Reduced bone mass.

• Greater vulnerability to fracture and 
deformity.

• Skeletal pain and joint problems may 
occur.

• In children, growth disturbance is part of 
renal osteodystrophy.

Bone morbidity reflects both turnover abnormalities and impaired mineralization.



Link pathogenesis to skeletal morphology

Driver Tissue-level change Resulting phenotype

PTH excess RANKL-mediated osteoclast activity High-turnover resorption

Vitamin D deficit Impaired mineralization Osteomalacia

Renal acidosis Osteoclast-promoting signals Osteopenia

Prolonged severe 
resorption

Fibrosis, hemorrhage, cysts Osteitis fibrosa cystica



Renal disease often dominates the presentation

The primary kidney disorder usually drives the clinical context

• Biochemical endocrine changes occur against chronic renal insufficiency.

• Skeletal and vascular complications reflect accumulated mineral dysregulation.

• A history of chronic kidney disease anchors interpretation of elevated PTH.



Read PTH in the correct clinical context

Context Expected relationship Interpretive caution

Renal insufficiency
Retention of phosphate; Inadequate 
calcitriol

Do not assume high PTH means 
primary adenoma

Vitamin D deficiency or 
malabsorption

Insufficient calcium supply Seek the underlying nonrenal stimulus

After prolonged 
secondary disease

Possible autonomous PTH secretion
Consider tertiary transition when 
hypercalcemia emerges



Secondary renal versus nonrenal stimuli

Renal insufficiency Low calcium or vitamin D supply

• Both phosphate excretion and calcitriol 
synthesis are compromised.

• Bone disease can include multiple 
turnover phenotypes.

• Inadequate intake, steatorrhea and 
vitamin D deficiency are described 
causes.

• The common endpoint is chronic 
parathyroid stimulation.

Not all secondary hyperparathyroidism is renal in origin.



Primary versus secondary: Discriminating logic

Question Primary form Secondary form

Why is PTH high? Intrinsic gland overproduction
Compensatory response to another 
disorder

Typical starting clue Hypercalcemia with unsuppressed PTH
Renal failure or chronic 
calcium/vitamin D deficit

Gland change Usually single adenoma Hyperplasia; May be asymmetric

Clinical approach Assess autonomous gland disease Evaluate persistent mineral stimulus



Tertiary hyperparathyroidism: Loss of control

Long-standing secondary 
state

Persistent PTH stimulation

Autonomy develops

Secretion no longer solely 
compensatory

Excessive PTH + 
hypercalcemia

Tertiary hyperparathyroidism

This evolution in a minority of patients.



Three states along the calcium–PTH axis

State Driver PTH response Calcium context

Normal regulation Physiologic fluctuation Appropriate feedback Controlled by homeostasis

Secondary
Persistent systemic 
stimulus

Compensatory elevation
Hypocalcemic drive 
emphasized

Tertiary
Autonomous glands after 
chronic stimulus

Excess independent output Hypercalcemia develops



Why morphology does not define autonomy

• Hypercellularity documents parathyroid proliferation but not why it occurred.

• Asymmetric multigland growth can resemble a focal neoplastic process.

• Biochemical evolution and clinical history distinguish secondary from tertiary disease.

• A histologic interpretation should not ignore renal and mineral data.



Treatment targets the persistent stimulus

Identify mechanism

Renal or nonrenal cause

Correct mineral 
disturbance

Vitamin D support / phosphate 
reduction

Reduce PTH drive

Limit downstream bone injury

This is a mechanistic teaching summary, not a prescribing algorithm.



Vitamin D and phosphate binders

Vitamin D supplementation Phosphate binders

• Vitamin D supplementation among 
responsive approaches.

• Addresses impaired calcium economy 
and lack of inhibitory signaling.

• Reduce prevailing hyperphosphatemia.

• Target a renal trigger of PTH secretion.

Choice, formulation and dose require patient-specific clinical guidance; None are specified here.



Controlling PTH benefits the skeleton

Mineral stimulus reduced

Hyperparathyroidism 
controlled

Resorption drive 
decreases

Bone remodeling burden falls

Renal bone changes

Can regress substantially

Significant regression of bony changes when the hyperparathyroidism is controlled.



Autonomous tertiary disease may need surgery

Parathyroidectomy is sometimes necessary

• A minority develop excessive autonomous gland activity.

• Hypercalcemia marks the tertiary state described.

• Parathyroidectomy may be required when autonomy cannot be controlled.



Case study: Declining kidney function

Hypothetical teaching vignette

A patient with chronic renal insufficiency develops phosphate retention and rising PTH, 
while activation of vitamin D is impaired.

Which two upstream renal disturbances jointly stimulate the parathyroids?

• A. Low phosphate and excess calcitriol

• B. High phosphate and reduced calcitriol

• C. Autonomous adenoma and increased calcium absorption



Mechanism in renal secondary disease

B. High phosphate and reduced calcitriol

• Reduced renal phosphate excretion elevates phosphate.

• Loss of renal 1α-hydroxylase activity lowers active vitamin D.

• Both pathways reduce effective calcium availability and sustain PTH drive.



Case study: Malabsorptive illness

Hypothetical teaching vignette

A patient with prolonged steatorrhea is found to have chronically impaired intestinal 
calcium availability and increased PTH secretion.

Does the absence of chronic kidney disease exclude secondary hyperparathyroidism?

• A. Yes: Renal disease is obligatory

• B. No: Malabsorption can provide the calcium-deficiency stimulus

• C. Yes: Steatorrhea only causes primary disease



Nonrenal secondary disease

B. Malabsorption can provide the stimulus

• Steatorrhea and vitamin D deficiency among causes.

• Chronic reduced calcium uptake supports compensatory PTH secretion.

• The diagnosis depends on the initiating disorder, not only gland histology.



Case study: Late emergence of hypercalcemia

Hypothetical teaching vignette

After years of secondary hyperparathyroidism, parathyroid secretion becomes 
persistently excessive and hypercalcemia develops.

What pathophysiologic transition best accounts for the new state?

• A. Recovered physiological feedback

• B. Development of autonomous parathyroid activity

• C. Immediate suppression of PTH by hypercalcemia



Autonomy marks tertiary disease

B. Autonomous parathyroid activity

• Long-standing stimulation can progress to an autonomous state.

• Excessive PTH persists despite the new hypercalcemic context.

• This tertiary hyperparathyroidism; Surgery may be necessary.



Four interpretation pitfalls

• Equating all high PTH results with primary parathyroid neoplasia.

• Using gland histology alone to declare adenoma versus hyperplasia.

• Attributing all renal bone lesions to high turnover; Low and mixed patterns exist.

• Confusing vascular calcification with the ischemic syndrome of calciphylaxis.



One integrated clinicopathologic framework

Upstream causes
Renal failure • low Ca intake • steatorrhea • vitamin D deficiency

Chronic mineral imbalance → persistent PTH drive

Parathyroid hyperplasia
Chief/clear cells; ↓ fat

Tissue consequences
Bone turnover + calcification

Long-standing subset → tertiary autonomy + hypercalcemia

Original editable summary schematic



Core clinicopathologic conclusions

• Persistent mineral imbalance provokes compensatory PTH secretion and parathyroid 
hyperplasia.

• Renal failure acts through phosphate retention and impaired active vitamin D production.

• The systemic consequences include renal osteodystrophy and possible vascular calcification.

• Long-standing secondary disease may become autonomous, producing tertiary 
hyperparathyroidism.



Primary reference and source boundaries

Primary textbook

Robbins, Cotran & Kumar: Pathologic Basis of Disease. 11th edition (2026).

Chapter 24, “The Endocrine System”

• Parathyroid glands: pp. 993–994

• Primary and secondary hyperparathyroidism: pp. 994–997

Chapter 26, “Bones, Joints, and Soft Tissue Tumors”

• Hyperparathyroid bone lesions and renal osteodystrophy: pp. 1072–1073

The diagrams are original teaching schematics; they are not pathology specimens.
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