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Nasopharyngeal cancer (NPC) is a prominent head  
and neck cancer, with a multifactorial aetiology 
that includes Epstein-Barr virus (EBV) infection, 
genetic susceptibility, and environmental exposures. 
Notably, the incidence of NPC is expected to show 
an approximately 35% increase in new cases (from 
133,354 cases to 179,476 cases) and an approximately 
42% increase in NPC-related deaths (from 80,008 
deaths to 113,851 deaths) from 2020 to 2040.1 NPC 
has a striking geographic predilection, with the highest 
number of NPC cases and deaths occurring in East 
Asia and Southeast Asia.1 Interestingly, the American 
Association for Cancer Research has designated  
April as the Head and Neck Cancer Awareness Month, 
although NPC, which belongs to this group of cancers, 
is not as prevalent in the West. The high proportion 
of NPC cases presenting at a locally advanced stage, 
estimated at approximately 70%,2 underscores the  
need to identify strategies that can enhance the thera-
peutic effectiveness of contemporary treatments,  
such as concurrent chemoradiotherapy (CCRT). For 
recurrent and metastatic diseases, the treatment 
modalities include induction chemotherapy with 
gemcitabine-cisplatin, and immunotherapy with 
immune-checkpoint inhibitors (specifically toripalimab 
and camrelizumab), with plasma EBV-DNA levels 
guiding the monitoring of treatment response and 
recurrence.3 One effective approach to risk stratifi-
cation and treatment optimisation is the use of 
prognostic biomarkers.

The study by Ni et al.,4 which highlights the  
monocyte-to-albumin ratio (MAR) for prognostication  
in NPC patients, is thus timely. In this study, the  
authors reported that pretreatment MAR was an 
independent prognostic marker in NPC patients who 
had undergone CCRT. This retrospective cohort study 
included 860 eligible patients treated between 2010 
and 2014, who met the inclusion criteria of having  
newly diagnosed non-metastatic NPC with no history  
of other cancers or inflammatory conditions. All  
patients received CCRT (comprising radical intensity-
modulated radiation therapy and platinum-based 
chemotherapy either weekly or every 3 weeks), and 

had pretreatment EBV-DNA assessment. The cohort 
was categorised into 2 groups, a high-MAR group and  
a low-MAR group, based on a maximum selection  
log-rank statistic-derived cut-off. NPC patients in 
the low-MAR group had a significantly higher overall  
survival rate than those in the high-MAR group. 
Additionally, multivariate analysis identified tumour 
stage, age, nodal stage, body mass index, and MAR 
as independent prognostic factors for overall survival 
in NPC patients. They subsequently developed a  
new nomogram-based prognostic model that incor-
porated MAR, along with the other identified indepen-
dent prognostic variables, to predict overall survival 
in NPC patients. It is worth noting that the prognostic 
performance of MAR in immunotherapy-treated NPC 
remains unknown because the study predated the  
use of immunotherapy.

Considering that the study by Ni et al.4 evaluated 
the prognostic value of integrating inflammation and 
nutritional markers, what is the underlying rationale  
for these factors in influencing the outcomes of NPC 
patients following CCRT? Since Stephen Paget’s  
seminal paper on the cooperation between tumour  
cells (which he called “seed”) and the organ 
microenvironment (which he named “soil”),5 known 
as the “seed and soil” hypothesis, the tumour 
microenvironment (TME) has gained much attention 
for its role in tumour progression and metastasis.6 The 
TME in NPC is a dynamic and complex  network of 
tumour-associated cells, including tumour-infiltrating 
immune cells, cancer-associated fibroblasts, and  
tumour endothelial cells, as well as non-cellular 
components such as the extracellular matrix, chemo-
kines, cytokines, and metabolites, which interact  
closely to shape tumour development and progression.6 
The immune landscape of NPC, which is generally 
closely associated with EBV infection, contains both  
anti-tumour immune cells (including cytotoxic 
T lymphocytes, natural killer cells, and M1-like 
macrophages) and immunosuppressive cells that 
facilitate tumourigenesis (including regulatory  
T lymphocytes, myeloid-derived suppressor cells,  
and M2-like macrophages).6,7 Tumour-associated 
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macrophages (TAMs) are abundant in the TME, and 
undifferentiated M0 macrophages can differentiate 
into anti-tumour cytotoxic M1-like macrophages  
or immunosuppressive M2-like macrophages.6,7 As  
TAMs are recruited from circulating monocytes that 
infiltrate tumour tissue through chemotactic factors,7 
peripheral blood monocytes may serve as an easily 
accessible surrogate marker for TAMs within the TME. 

Apart from monocyte counts, the other variable in  
the MAR index is albumin, a functional protein synthe-
sised by the liver, an organ that is essential to the  
systemic inflammatory response. Albumin is a marker 
of nutrition and is a negative acute-phase reactant 
that decreases in inflammation. In the context of 
systemic inflammation, hepatic synthesis of albumin is 
downregulated and catabolic loss is increased through 
capillary leak. Therefore, albumin levels may reflect  
both malnutrition and persistent systemic inflam- 
mation driven by active malignancy.8 A decline in  
albumin levels has also been shown in studies to confer  
a poorer survival prognosis in NPC patients,9 thus  
aligning with the findings of Ni et al.4 Furthermore, 
Fang et al.10 identified albumin, monocyte count, and 
the systemic immune-inflammation index (platelet × 
neutrophil / lymphocyte) as independent prognostic 
factors for overall survival in non-metastatic NPC,  
which, when combined into an Inflammation Nutrition  
Risk Score, had predictive value similar to that of 
established prognostic tools, including TNM staging 
and EBV-DNA levels.

Thus far, genetic mutations, including TP53 muta- 
tions and microRNA expression levels, have been  
found to correlate with disease prognosis and progres-
sion in NPC patients.11 However, to date, only the  
plasma EBV-DNA levels in NPC patients have been 
translated into clinical practice.12,13 As reported by Ni  
et al.,4 integrating inflammatory and nutritional 
indicators may have significant potential for predicting 
disease outcomes in NPC patients. Wider adoption 
of this  composite index could lead to pretreatment 
optimisation of nutritional status to improve survival 
outcomes in NPC patients. It is also imperative that 
cross-laboratory and cross-population standardisation  
of MAR units and cut-offs, as is applicable to all other 
inflammation indices, be completed before clinical 
adoption. 

Beyond NPC, the MAR, combined with neutrophil 
percentage-to-haemoglobin ratio and carcinoem- 
bryonic antigen, has also been reported to be effective 
in detecting non-small cell lung cancer (NSCLC).8  
Hence, MAR has also been explored as a diagnostic 
discriminator in NSCLC, suggesting biological rele-
vance beyond NPC. Thus, prognostic validation in  
other cancers remains limited. In the future, the progno-

stic utility of MAR should be further investigated across 
other cancer types.
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ABSTRACT 
Introduction: Although monocyte and albumin levels  
have been associated with survival in various malignant 
tumours, their specific prognostic significance in 
nasopharyngeal carcinoma (NPC) remains under-explored. 
This study seeks to examine the relationship between  
the monocyte-to-albumin ratio (MAR) and overall survival 
(OS) in NPC patients to create a precise prediction model.
Methods: The authors retrospectively analysed data 
from 860 NPC patients who underwent concurrent 
chemoradiotherapy. The optimal cut-off for MAR was 
determined using the maximum selection log-rank  
method. Univariate and multivariate Cox proportional 
hazards models were applied to identify factors signifi- 
cantly related to OS. A predictive nomogram was then 
developed and rigorously validated for its accuracy.
Results: The optimal MAR threshold was determined  
to be 11.63, effectively categorising the 860 NPC  
patients into 2 prognostic subgroups (hazard ratio 0.56;  
95% confidence interval [CI] 0.41–0.77, P<0.001).  
The predictive nomogram exhibited strong predictive 
capability for OS, factoring in T stage, N stage, MAR  
value, body mass index, and age over 45 years. The 
concordance index (C-index) of the traditional tumour–
node–metastasis staging system was found to be 0.64 
(95% CI 0.57–0.70), which was less than the C-index  
of the nomogram (0.68; 95% CI 0.64–0.72) for OS.
Conclusion: MAR was identified as an innovative and 
independent prognostic factor in NPC patients, presen-
ting a potential biomarker for personalised treatment  
strategies.

Keywords: concurrent chemoradiotherapy, monocyte-
to-albumin ratio, nasopharyngeal carcinoma, nomogram, 
prognosis

CLINICAL IMPACT

What is New
•	 The monocyte-to-albumin ratio (MAR) is identified 

as a novel, independent prognostic biomarker for 
nasopharyngeal carcinoma (NPC).

•	 MAR uniquely reflects the combined burden of 
tumour-promoting inflammation (e.g. tumour-
associated macrophage infiltration) and systemic 
malnutrition.

Clinical Implications
•	 As a readily accessible and cost-effective blood-

based index, MAR facilitates early and precise risk 
stratification in clinical practice.

•	 Integrating MAR into routine pretreatment 
assessments can help optimise therapeutic strategies 
and improve long-term surveillance for NPC patients.

INTRODUCTION
The incidence of nasopharyngeal carcinoma (NPC) 
is notably elevated in southern China, North Africa, 
and Southeast Asia (up to 35 cases per 100,000 
inhabitants), revealing significant geographical 
disparities.1 Approximately 70% of NPC patients are 
diagnosed with locally advanced disease, contributing 
to an estimated 80,000 deaths annually from this 
malignancy worldwide.2 The tumour–node–metastasis 
(TNM) staging system is a cornerstone for forecasting 
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METHODS

Patients
This retrospective analysis included 860 patients 
with histologically confirmed NPC who received 
treatment at Sun Yat-sen University Cancer Center 
between January 2010 and December 2014. Inclusion 
criteria were as follows: (1) imaging and histological 
evaluations confirmed untreated, non-metastatic 
NPC; (2) no history of other tumours or inflammatory 
conditions; (3) treatment via radical intensity-
modulated radiation therapy (IMRT); (4) platinum-
based concurrent chemotherapy administered 
during IMRT, either weekly or every 3 weeks; (5) 
peripheral blood tests and Epstein-Barr virus (EBV) 
DNA assessments specific to NPC completed prior 
to treatment. All patients were staged according to 
the 8th American Joint Committee on Cancer TNM 
staging system. This study was approved by Sun  
Yat-sen University Cancer Center’s Ethics Committee 
(SL-B2023-537-01), which waived the necessity 
for written informed consent. All procedures 
were conducted in compliance with the principles  
outlined in the 1964 Helsinki Declaration and its 
amendments. Medical histories, imaging data, and 
pathological reports were reviewed to extract data 
within 7 days following diagnosis. Treatment protocols 
and follow-up routines adhered to established 
guidelines. Patients were stratified into 3 body mass 
index (BMI) categories: <24, 24–27.9, ≥28  kg/m².  
MAR was defined as the ratio of monocyte counts 
(number/mm³) to albumin levels (g/L).16,17

Statistical analysis method 
Sample size calculation was not performed due to 
a lack of prior data to justify the establishment of 
prognostic models. Of the 860 enrolled participants, 
174 events were documented during the follow-up, 
ensuring that in the multivariate model, a minimum of 
10 events per variable was maintained for adequate 
evaluative capacity.18 MaxStat R package (by Torsten 
Hothorn) along with the Kaplan-Meier method was 
utilised to identify the optimal cut-off value and 
develop survival curves, followed by a log-rank test.19 
The proportional hazards assumption was evaluated 
using Schoenfeld residual analysis. Only variables 
with a P value of <0.10 in the univariate analysis were 
included in the multivariate Cox model. A nomogram 
was subsequently constructed based on the findings 
from the multiva-riate analysis.

The efficacy of the nomogram was evaluated  
using calibration curves, the concordance index 
(C-index), and the area under the curve (AUC) through 
time-dependent receiver operating characteristic 
(ROC) analysis. Statistical significance was established 

prognosis and informing treatment approaches in  
NPC.1 Concurrent chemoradiotherapy (CCRT) is recog-
nised as the standard treatment for locally advanced 
NPC.1,3 Nonetheless, notable variability in prognosis 
exists among patients even when categorised under 
the same TNM staging and treatment modalities.4,5  
This discrepancy underscores the limitations of the  
TNM system in capturing the biological diversity  
inherent in NPC. 

Recent research emphasises the critical interplay 
between the tumour microenvironment (TME) and 
immune responses, alongside the influence of nutri-
tional and metabolic conditions on tumour advance- 
ment and metastasis.6-8 Current investigations have 
indicated that indicators reflecting inflammation and 
nutritional status significantly affect the prognosis 
of various malignancies, including NPC. Specifically, 
systemic inflammatory responses can drive tumour 
metastasis by promoting angiogenesis and preventing 
cellular apoptosis. Furthermore, nutritional deficits  
that are often reflected by low haemoglobin levels 
can lead to tumour hypoxia, which further accelerates 
angiogenesis and worsens the patient’s prognosis. 
Metrics such as the ratios of inflammatory markers (e.g. 
neutrophils, lymphocytes, platelets, and C-reactive 
protein) and nutritional status indicators (e.g. con- 
trolled nutritional status and prognostic nutritional  
index) have been investigated extensively.9-11 Compo-
site indicators that amalgamate these parameters 
have proven to be more effective in tumour diagnosis 
and prognosis than single indicators.12 Consequently, 
researchers are increasingly focusing on composite 
biomarkers that fuse inflammation and nutritional  
aspects for improved risk stratification among NPC 
patients. The monocyte-to-albumin ratio (MAR) repre-
sents such a composite index, integrating inflammatory 
markers with nutritional parameters to provide insights 
into a patient’s systemic inflammatory state and 
nutritional health.13 In many cancers, monocytes that 
infiltrate tumour tissues can differentiate into tumour-
associated macrophages (TAMs), which constitute a 
crucial component of TME.14 These TAMs generally 
polarise into 2 distinct subtypes: M1-like and M2-like 
TAMs. Notably, the M2-like TAMs play a critical role  
in promoting malignant metastasis, invasion, and 
treatment resistance.15 Therefore, peripheral monocyte 
levels offer a practical reflection of the systemic TAM 
burden. By specifically utilising monocytes rather 
than overall leukocyte counts, MAR highlights the 
crucial intersection of TAM-driven tumour-promoting  
inflammation and cancer-related malnutrition.  
However, studies examining the significance of MAR  
in NPC are still limited.

This research aims to investigate the correlation 
between pre-treatment MAR levels and the prognosis 
of NPC patients receiving CCRT.
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at a 2-sided P<0.10. All statistical computations  
were performed using R software version 4.2.1  
(R Foundation for Statistical Computing, Vienna,  
Austria).

RESULTS

Patient characteristics 
Table 1 outlines the baseline characteristics of the 
860 NPC patients included in this study at Sun Yat-
sen University Cancer Center. The median age of the 
participants was 45 years (range: 18–84 years), with  
423 patients (49.2%) older than 45 years and 437 
patients (50.8%) aged 45 years or younger. The 
majority were male (639 cases, 74.3%), while females 
constituted approximately one-quarter of those  
studied (221 cases, 25.7%). Most patients were 
diagnosed with World Health Organization type III 
carcinoma (98.5%). The EBV-DNA value was ≥4000 
copies/mL in nearly one-third of the patients. Using  
the identified MAR cut-off value of 11.63 (Fig. S1), 
patients were classified into 2 groups: a high MAR 
group with scores greater than 11.63 (n=232) and a 
low MAR group with scores less than or equal to 11.63 
(n=628). 

Survival data and overall survival (OS) across  
different MAR groups  
The median OS observed in the study population was 
123.2 months (interquartile range: 87.8–136.1 months). 
A total of 174 events were recorded throughout the 
study duration. The OS rates at 1, 3, 5, and 10 years 
were recorded at 98.1%, 93.6%, 88.6%, and 80.3%, 
respectively. Analysis using the Kaplan-Meier method 
indicated that patients in the low MAR group had a 
significantly higher survival rate compared to those 
in the high MAR group (Fig. 1; hazard ratio 0.56;  
95% confidence interval [CI] 0.41–0.77, P<0.001).

Univariate and multivariate analyses 
Univariate analyses revealed that T stage, N stage, 
EBV-DNA status, MAR value, BMI category, and age 
were statistically significant predictors of OS (P<0.10). 
These variables were incorporated into the multiva- 
riate Cox model. The variance inflation factor was 
calculated for the selected variables, all of which 
were less than 10. A multicollinearity diagnostic 
confirmed that severe multicollinearity was absent. 
Fig. S2 illustrates the diagnostic diagram for assessing 
proportional hazards, indicating that the multivariate 
model adheres to the proportional hazards assump-
tion. The multivariate analysis identified T stage, age, 
N stage, BMI category, and MAR value as independent 
prognostic factors for OS in NPC patients treated  
with CCRT (Table 2). 

Establishing a new prognostic model grounded in  
MAR 
Drawing from the 5 independent prognostic 
variables identified in the multivariate analysis, a new  
nomogram prognostic model was established to 
estimate patient survival probabilities (Fig. 2). For 
example, a 56-year-old patient classified as T2 N3 with 
a BMI of 25 and a MAR score exceeding 11.63 had 
a total score of 18.75 (2.75 + 6 + 7.94 + 0 + 2.06), 
with corresponding 1-, 3-, 5-, and 10-year OS rates of 
96.86%, 88.32%, 79.20%, and 64.96%, respectively.

Assessment of the predictive performance of the  
new prognostic model 
The C-index for OS determined for the nomogram  
was 0.68 (95% CI 0.64–0.72), outperforming the  
C-index of the traditional TNM staging system, which 
was 0.64 (95% CI 0.57–0.70), thereby demonstrating 
satisfactory discriminatory power. Calibration plots 
for OS (Fig. 3A) depicted the concordance between 
predicted and actual survival frequencies. Fig. 3B 
presents the time-dependent ROC curve, illustrating  
the prognostic accuracy of the newly formulated 
prediction model, which surpassed that of the 
conventional TNM staging system. Fig. 3C illustrates 
the decision curve analysis curves that compare the 
net advantages of the current prediction model against 
that of the traditional TNM staging approach. This 
nomogram evidenced superior predictive accuracy 
relative to the standard TNM staging system.

DISCUSSION
To the best of the authors’ knowledge, this study is 
the first to examine MAR’s predictive value for OS in 
NPC patients undergoing CCRT. The results indicate 
that patients with pre-treatment MAR levels below 
11.63 enjoy significantly improved OS compared 
to those with levels at or above 11.63. Furthermore, 
multivariate analysis confirmed MAR as an independent 
prognostic indicator. The authors developed a user-
friendly nomogram based on MAR for practical clinical 
application.

The conventional TNM staging system primarily 
categorises disease stages according to the anatomical 
extent of tumour invasion, directing further treatment 
strategies. However, this framework lacks sufficient 
predictive accuracy and personalisation for NPC  
patients receiving CCRT. This study successfully 
integrates the novel nutritional-inflammatory marker 
MAR into a prognostic framework, promoting 
individualised prognostic evaluations among diverse 
patient populations. This model provides clinicians  
with a timely and cost-efficient biomarker to support 
clinical decision-making.
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Table 1. Baseline characteristics of the study participants.

Characteristic All (n=860) %

Age

>45 years 423 49.2

≤45 years 437 50.8

Sex

Female 221 25.7

Male 639 74.3

Histological type                       

WHO I/II 13 1.51

WHO III 847 98.5

HGB                       

<113 g/L 27 3.14

113–151 g/L 547 63.6

≥151 g/L 286 33.3

LDH                       

<245 U/L 50 5.81

≥245 U/L 810 94.2

T stage                       

T1 42  4.88 

T2 165 19.2

T3 523 60.8

T4 130 15.1

Table 1. Baseline characteristics of the study participants. (Cont’d)

Characteristic All (n=860) %

N stage                       

N0 81 9.42 

N1 464 54.0

N2 271 31.5

N3 44  5.12 

BMI                       

<24 kg/m2 518 60.2

24–27.9 kg/m2 294 34.2

≥28 kg/m2 48 5.58

EBV-DNA                       

<4000 copy/mL 580 67.4

≥4000 copy/mL 280 32.6

ALB                       

≥40 g/L 788 91.6

<40 g/L 72 8.37

MAR                       

>11.63 232 27.0

≤11.63 628 73.0

ALB: albumin; BMI: body mass index; EBV-DNA: Epstein-Barr virus 
DNA; HGB: haemoglobin; LDH: lactate dehydrogenase; MAR: 
monocyte-to-albumin ratio; WHO: World Health Organization

Fig. 1. Survival curves obtained with Kaplan-Meier analysis between different MAR groups (the hazard ratios reported were unadjusted). 

CI: confidence interval; HR: hazard ratio; MAR: monocyte-to-albumin ratio
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Table 2. Univariate and multivariate Cox regression analyses of OS.

Characteristic Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age

≥45 years 1 1

<45 years 0.57 (0.42–0.77) <0.001 0.54 (0.40–0.74) <0.001

Sex

Female 1

Male 1.14 (0.81–1.62) 0.455

Histological type

WHO I/II 1

WHO III 0.45 (0.18–1.09) 0.0778

HGB

<113 g/L 1

113–151 g/L 1.43 (0.53–3.87) 0.485

≥151 g/L 1.40 (0.51–3.86) 0.517

LDH

≥245 U/L 1

<245 U/L 0.61 (0.35–1.05) 0.0758

T stage

T1 1 1

T2 4.12 (0.98–17.26) 0.053 3.77 (0.90–15.83) 0.070

T3 4.50 (1.11–18.26) 0.035 4.22 (1.04–17.15) 0.044

T4 9.21 (2.23–37.99) 0.002 8.36 (2.02–34.66) 0.003

N stage

N0 1 1

N1 2.77 (1.21–6.33) 0.016 2.93 (1.28–6.73) 0.011

N2 3.60 (1.56–8.32) 0.003 3.90 (1.68–9.10) 0.002

N3 5.01 (1.90–13.20) 0.001 4.98 (1.86–13.34) 0.001

BMI

<24 kg/m2 1 1

24–27.9 kg/m2 0.71 (0.51–0.99) 0.046 0.93 (0.47–1.84) 0.826

≥28 kg/m2 0.82 (0.41–1.61) 0.554 0.69 (0.49–0.97) 0.035

EBV-DNA

<4000 copy/mL 1 1

≥4000 copy/mL 1.62 (1.20–2.20) 0.002 1.34 (0.98–1.83) 0.071

MAR

>11.63 1 1

≤11.63 0.56 (0.41–0.77) <0.001 0.64 (0.47–0.87) 0.004

ALB: albumin; BMI: body mass index; EBV-DNA: Epstein-Barr virus DNA; HGB: haemoglobin; HR: hazard ratio; LDH: lactate dehydrogenase;  
MAR: monocyte-to-albumin ratio; OS: overall survival; WHO: World Health Organization

HRs estimated by Cox proportional hazards regression. All statistical tests were 2-sided. 



Monocyte/albumin ratio in NPC—Wei-Qiong Ni et al.

Ann Acad Med Singap Vol 55 No 5 May 2026 | annals.edu.sg 236

Variability in prognosis among patients with identical 
TNM stages further emphasises the need for biological 
insights that transcend anatomical descriptions. 
Prior research suggests that including nutritional and 
inflammatory indicators can enhance clinical prognosis 
precision. Elevated monocyte counts have been linked  
to substantial tumour burden, potentially leading 
to poorer outcomes in specific solid tumours.20-22 

Additionally, albumin levels represent malnutrition and 
inflammatory states, frequently correlating with adverse 
prognoses and increased mortality rates in cancer  
patients.23,24 The MAR index—a ratio of monocyte  
counts to albumin concentrations—effectively reflects 
systemic inflammation and nutritional status. This 
retrospective analysis illustrates a significant associa-
tion between pre-treatment MAR scores and OS in 
860 NPC patients receiving CCRT, with scores below 
11.63 correlating with improved OS (HR 0.56, 95%  
CI 0.41–0.77, P<0.001). This highlights MAR’s potential 
as a biomarker for predicting both clinical prognosis  
and treatment outcomes in NPC patients. Further- 
more, this predictive nomogram model that integrates 
MAR with TNM staging outperforms traditional models, 
enhancing prognosis prediction accuracy.

It is important to recognise that the systemic 
inflammatory response is critical in tumour develop- 
ment and the treatment process, serving as a  
determinant of survival rates across various cancer  
types.25 Inflammatory cells engage with tumour cells  
to facilitate angiogenesis, remodel the extracellular 
matrix, and sustain an inflammatory microenvironment 
conducive to metastasis.26 Monocytes are pivotal to  
innate immunity, migrating into tumour tissues 

and differentiating into TAMs when influenced by 
inflammatory conditions, thus promoting tumour 
progression.8 This interaction illustrates the dual impact 
of both inflammation and nutritional status on tumour 
dynamics, as increased tumour load often results in 
hypoproteinaemia due to nutritional inadequacies  
amid heightened inflammatory responses.27-33 There-
fore, recent studies also highlight that combining  
these inflammatory and nutritional markers can effec- 
tively predict patient survival in NPC.34-37

The findings corroborate previous studies that  
identified age, N stage, T stage, and BMI score as 
independent prognostic factors for OS in NPC patients 
undergoing CCRT.38 The nomogram developed in  
this study acts as a roadmap for tailored treatment  
planning, allowing clinicians to intensify treatment 
interventions (e.g. neoadjuvant or adjuvant chemothe-
rapy) for higher-scoring patients while simultaneously 
addressing their nutritional and inflammatory support 
needs.

Limitations 
The MAR metric is dynamic, subject to fluctuations 
influenced by various factors, which can impact the 
stability of consequent analyses. Additionally, the 
predictive model was generated from data sourced 
from a single centre, necessitating validation through 
high-quality datasets from multiple institutions. 
Furthermore, retrospective study designs are often 
vulnerable to selection bias, which may influence the 
accuracy of the results. Moreover, since this study 
relied entirely on retrospective blood tests, there 
was a lack of corresponding tissue slides to visually 

Fig. 2. Nomogram of the current prognostic model for individualised survival predictions. 

BMI: body mass index; MAR: monocyte-to-albumin ratio; OS: overall survival
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Fig. 3. Assessment of predictive performance of the prognostic model. (A) Calibration plot of the nomogram model at 1, 3, 5, and 10 years.  
(B) Time-dependent ROC curves compared the predictive accuracy of the current model and the traditional TNM stage. (C) DCA curves  
compared the net benefit rate of the current model and the traditional TNM stage. 

AUC: area under the curve; DCA: decision curve analysis; OS: overall survival; ROC: receiver operating characteristic; TNM: tumour–node–metastasis
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confirm monocyte infiltration. Future research will 
prioritise prospective multicentre studies incorporating 
pathological imaging to address these limitations and 
enhance the accuracy and overall applicability of the 
predictive model.

CONCLUSION 
In conclusion, the findings highlight MAR as a novel 
nutritional-inflammatory biomarker that can serve as a 
significant predictor of survival rates in NPC patients 
undergoing CCRT. The prognostic capabilities of the 
MAR score nomogram exceed those of traditional 
staging methods, demonstrating its potential to 
refine prognostic tools. This newly developed 
predictive nomogram represents a reliable, efficient, 
straightforward, affordable, and non-invasive means  
for stratifying patients based on their responses to 
CCRT.

Supplementary materials 
Fig. S1. Cut-off value of MAR. 
Fig. S2. Proportional hazards diagnostic plot.
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ABSTRACT 
Introduction: Chronic exposure to glucocorticoids (GC) is 
a leading cause of secondary osteoporosis and fractures. 
While the skeletal effects of long-term oral GC are well-
established, the bone effects of intermittent high-dose 
intravenous pulse methylprednisolone therapy remain  
less clearly defined. This study aimed to evaluate its  
impact on skeletal health in adults not receiving anti-
osteoporosis treatment.
Methods: This meta-analysis was conducted according  
to PRISMA guidelines and prospectively registered.  
PubMed, Scopus, Embase, and Google Scholar were 
searched up to September 2025. Studies included 
longitudinal cohort and case-control studies with 
appropriate comparators and randomised controlled  
trials reporting pre- and post-intravenous methylpred-
nisolone bone outcomes.
Results: Eight studies (n=192, 72% females) were  
included. Pulse intravenous methylprednisolone did not 
significantly reduce bone mineral density (BMD) at the 
lumbar spine (mean difference [MD] 0.01 g/cm2; 95% 
confidence interval [CI] –0.02 to 0.03), femoral neck  
(MD –0.01 g/cm2; 95% CI –0.03 to 0.01), or total hip (MD 
–0.03 g/cm2; 95% CI –0.06 to 0.01) over a mean follow-
up period of 5.5 months. Trabecular bone score showed  
no significant pooled change (MD –0.01 g/cm2). In  
contrast, procollagen type-1 N-terminal propeptide (MD 
–36.95 ng/mL; 95% CI –56.86 to –17.03) and C-terminal 
telopeptide (MD –0.19 ng/dL; 95% CI –0.32 to –0.07) 
significantly decreased. Serum 25-hydroxyvitamin  
D increased modestly, while serum calcium and  
parathyroid hormone remained unchanged. 
Conclusion: Pulse intravenous methylprednisolone does 
not cause short-term BMD loss, though it is associated  
with measurable suppression of bone turnover markers. 
Larger controlled studies with standardised sampling, 
peripheral site assessment, and fracture outcomes are 
needed to determine long-term skeletal risk from pulse 
regimens.

Keywords: endocrinology, neurology, osteoporosis,  
pulse methylprednisolone, rheumatology

CLINICAL IMPACT

What is New
•	 Pulse intravenous methylprednisolone was not 

associated with short-term loss of lumbar spine or  
hip bone mineral density (BMD).

•	 Bone turnover markers were suppressed, indicating 
early effects on bone remodelling that are not 
captured by BMD alone.

•	 Limited fracture reporting precludes firm conclusions 
regarding fracture risk.

Clinical Implications
•	 Stable short-term BMD should not be equated 

with skeletal safety during pulse intravenous 
methylprednisolone therapy.

•	 Patients at high fracture risk or receiving repeated/
high cumulative doses may still warrant careful 
skeletal risk assessment and preventive management.

INTRODUCTION
Glucocorticoids (GC) are potent anti-inflammatory 
agents used for the treatment of various acute 
autoimmune and inflammatory disorders. Current 
studies estimate that the prevalence of GC use 
among countries varies between 0.5 and 21%.1-4 
Although they are highly effective, GCs are known to 
have negative impacts on skeletal health, particularly  
when administered at high doses and/or for a  
prolonged period.5-7 Among individuals receiving 
long-term GC therapy, the estimated prevalence of 
osteoporosis or fractures is up to 50%, rendering 
GCs the most common form of secondary (iatrogenic) 
osteoporosis.8,9 Thus, it is recommended to carry out 
a fracture risk assessment at GC initiation and to start 
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assessed bone outcomes associated with intermittent 
pulse methylprednisolone use, and no clear quant-
tative synthesis of these skeletal effects is available.  
The authors therefore conducted this systematic  
review and meta-analysis to clarify the current  
evidence base. The authors hypothesised that  
intermittent pulse intravenous methylprednisolone  
may exert adverse skeletal effects that are detectable 
in short-term bone turnover markers, even if changes 
in bone mineral density (BMD) are less readily apparent 
over short follow-up periods. Accordingly, the authors 
evaluated the effects of intermittent pulse intravenous 
methylprednisolone therapy on skeletal health by 
investigating changes in BMD, bone turnover markers, 
fracture rate, and bone biochemistry in adults who  
did not receive osteoporosis therapy.

METHODS
This meta-analysis was conducted in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines.18 As only 
published data were used, Institutional Review Board 
approval was not required. The study protocol was 
prospectively registered in the International Database 
of Registered Systematic Reviews (https://doi.
org/10.17605/OSF.IO/VFMJR).

Selection criteria
Eligible studies were identified through comprehen-
sive searches of PubMed, Scopus, Embase, and 
Google Scholar, including all publications up to 
September 2025. Studies were included if they met the 
following criteria: (1) case–control study, cohort study, 
longitudinal study or randomised controlled trial; (2) 
reported at least 1 outcome of interest; (3) conducted 
in humans; (4) available in full text; and (5) English-
language published studies. The authors excluded: 
(1) duplicate or overlapping cohorts; (2) case–control 
or cross-sectional studies without control groups; (3) 
case reports, case series, editorials, protocols, opinion 
pieces, commentaries, abstracts, and review articles;  
or (4) grey literature, including conference abstracts  
and unpublished reports (these sources lacked  
sufficient methodological detail and complete  
outcome data for reliable extraction and quality 
assessment).

Search strategy
The search strategy was developed using the 
Population, Intervention, Comparison, Outcome (also 
known as PICO) framework.19 The population group 
consisted of patients receiving pulse intravenous 
methylprednisolone, with or without maintenance 
GC therapy. The intervention was exposure to pulse 
intravenous methylprednisolone, and the comparator 
group was baseline (pre-exposure) measurements 

bone-protective strategies in patients at moderate  
to high risk of fracture, particularly for those receiving 
the equivalent of ≥2.5 to 5 mg prednisolone daily for 
≥3 months.10

GC-induced skeletal harm is most pronounced in 
the trabecular-rich regions, such as the vertebrae and 
proximal femur.11 GC therapy increases the risk of hip 
and vertebral fractures by at least two- and threefold, 
respectively, compared with individuals without GC 
exposure.11 Bone loss occurs most rapidly after GC 
initiation, with the most rapid decline occurring within 
the first year of GC therapy at a bone loss rate of 6  
to 12%. This later slows to a rate of approximately  
3% per year subsequently.12 Consistent with this early 
bone loss rate, fracture risk is highest within the first 
3 to 6 months after GC initiation, reflecting early 
osteoclast activation, increased osteoblast apoptosis,  
and reduced osteoblast proliferation.13 In individuals 
initially commenced on GC, fracture incidence  
was 5.1% (95% confidence interval [CI] 2.8–8.2%)  
for vertebral fractures and 2.5% (95% CI 1.2–4.2%) 
for non-vertebral fractures. For chronic GC users  
(>6 months), the corresponding incidences were 
3.2% (95% CI 1.8–5.0%) and 3.0% (95% CI 0.8– 
5.9%), respectively.14 More importantly, fracture risk 
is influenced by current GC dose and cumulative GC 
exposure.10 Even low doses of GC ≤2.5 mg per day  
have been associated with increased risk of vertebral 
fractures,9 and doses above the 2.5 mg per day  
threshold have been shown to increase the risk of  
spine and hip fractures.10,15 Cumulative GC exposure is 
similarly important: higher doses of GCs ≥30 mg per 
day increase the risk of fragility fractures, with peak 
fracture incidence at 12 months. Indeed, fracture rate 
rises with cumulative GC exposure from an average  
4.6 per 1000 person-years (95% CI 3.8–5.4) at  
<0.675 g of cumulative GC to a nearly threefold rate 
of 13.4 per 1000 person-years (95% CI 10.7–16.7) at  
a cumulative GC dose of ≥5.4 g.16 

Mechanistically, GCs increase skeletal fragility  
through direct and indirect pathways. GCs directly 
suppress bone formation by inhibiting osteoblast 
differentiation, promoting osteoclast apoptosis while 
reducing osteocyte viability, leading to deterioration 
of bone microarchitecture and overall quality, 
ultimately increasing bone fragility. GCs also influence 
bone remodelling indirectly through suppression of  
anabolic pathways, including the growth hormone  
axis, while promoting insulin resistance and muscle 
catabolism, further compounding skeletal fragility.  
While the association between chronic GC exposure 
and adverse skeletal outcomes (including bone 
loss and fragility fractures) is well established, the 
impact of intermittent high-dose intravenous pulse 
methylprednisolone therapy remains less clearly 
defined.10,17 To date, relatively few studies have directly 
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obtained prior to treatment initiation. Outcomes of 
interest included BMD, bone turnover markers, fracture 
incidence, and use of osteoporosis treatment. The  
full search terms are provided in Supplementary  
Table S1. 

Data extraction
Data extraction was performed independently by 
4 investigators using a 3-stage process. In the first 
stage, titles and abstracts were screened, with full 
texts retrieved when necessary. In the second stage, 
full-text articles and their reference lists were reviewed 
for eligibility. In the third stage, study objectives, 
methods, and suitability for inclusion were critically 
appraised. Discrepancies were resolved by consensus, 
with adjudication by third and fourth reviewers.  
When essential data were unavailable, corresponding 
study authors were contacted for clarification or 
provision of unpublished data.

Extracted data included study characteristics 
and reported outcomes: patient age; underlying 
disease conditions resulting in GC therapy; pulse 
intravenous methylprednisolone regimens; radiological 
measures (BMD, trabecular bone score [TBS]); bone 
turnover markers, e.g. procollagen type 1 N-terminal 
propeptide (P1NP), C-terminal telopeptide (CTx), 
osteocalcin, hydroxyproline, bone-specific alkaline 
phosphatase (bsALP); bone biochemistry (serum  
calcium, 25-hydroxyvitamin D, intact parathyroid 
hormone; and urine calcium/creatinine ratio); and  
fracture rate. All included full-text articles were  
reviewed and approved by all authors prior to final  
data extraction.

Data synthesis and analysis
Meta-analysis was performed when at least 2 or more 
studies reported the same outcome in a numerical 
outcome (e.g. BMD, bone turnover markers, fracture 
rates). Small study effects and publication bias were 
assessed using funnel plots (log odds against inverse 
standard error).

Risk-of-bias assessment
Risk of Bias was evaluated using the Risk of Bias In 
Non-randomized Studies—of Exposures (ROBINS-E) 
tool (Supplementary Table S2).20 ROBINS-E evaluates 
the quality of the study based on 7 domains, including 
exposure classification, deviations from intended 
exposures, missing data, outcome measurement, 
and selective reporting. Each domain was rated as 
low risk, some concerns, high risk, or very high risk of  
bias. Four reviewers independently performed 
assessments for risk of bias, with disagreements 
resolved through discussion.

Statistical analysis
All analyses were performed using RevMan version  
5.3 (Nordic Cochrane Centre, The Cochrane 
Collaboration, Copenhagen) using random-effects 
models. When standard deviations (SDs) were not 
reported, they were estimated from P values or imputed 
using pooled SDs from comparable studies: √(∑(N × 
SD²) / ∑N).

For continuous variables, mean difference (MD)  
was used given its clinical interpretability. Analyses  
were repeated using standardised mean difference  
to assess robustness across heterogeneous measure-
ment approaches (e.g. different densitometry platforms 
and laboratory assays). Apart from statistical signifi- 
cance (P<0.05), a 4% change in BMD was prespecified 
as the least significant change (LSC).21,22 

Statistical heterogeneity was assessed using the  
I² statistic, with P<0.10 considered as statistically 
significant, and I² ≥50% indicating substantial hete- 
rogeneity. Potential sources of heterogeneity were 
explored through sensitivity analyses after exclusion  
of outlier studies (defined a priori as those with  
opposing effect directions, disproportionately large  
effect sizes, or high risk of bias), followed by recalcula-
tion of pooled effect estimates. 

Quality of evidence was assessed by the Grading  
of Recommendations, Assessment, Development, and 
Evaluations (also known as GRADE) approach.23

RESULTS
The initial database search identified 4195 records. 
After removing 461 duplicates, 3734 articles were 
available for screening. Of these, 3655 articles were 
excluded based on the predefined eligibility criteria; 
79 articles underwent full-text review, of which 69  
were excluded, leaving 10 publications (8 studies) in 
the final review. The 8 included studies comprised 6 
cohort studies, 1 retrospective study, and 1 randomised 
trial. Of the 8 studies, 4 studies recruited patients 
with Graves’ disease, 2 studies included patients  
with multiple sclerosis, and 2 studies recruited 
individuals with mixed rheumatological conditions 
(Fig. 1). Table 1 summarises the study characteristics 
and sample sizes ranging from 10 to 45 participants, 
yielding a total sample of 192 patients (72% female). 
Means (SDs) of age and body mass index were 49.4 
(18.13) years and 25.2 (8.56) kg/m2, respectively.

Bone mineral density
Eight studies (10 publications)24-33 reported BMD 
outcomes before and after pulse methylprednisolone. 
One study34 reported T-scores and Z-scores only, 
which could not be reliably converted to BMD values; 
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Fig. 1. PRISMA flow chart.

Identification of studies

Id
en

tif
ica

tio
n 

Sc
re

en
in

g
In

clu
sio

n 
Records identified from 
     PubMed (n=870)
     Scopus (n=1688)
     Embase (n=1525)
     Google Scholar (n=112)
Total articles (n=4195)

Title and abstract screening 
(n=3734)

Duplicates excluded (n=461)

Articles excluded (n=3655)

Full texts assessed for eligibility 
(n=79)

Articles excluded (n=69)
      Duplicated (n=11)
      Full text not available (n=12) 
      Not relevant (n=46)

Studies included (n=8)
     Graves’ disease (n=6)
     Multiple sclerosis (n=2)
     Mixed rheumatological diseases 
     (n=2) 
Articles included (n=10)

hence, it was excluded from the analysis. No signifi- 
cant changes were observed in BMD at femoral neck 
(MD -0.01 g/cm²; 95% CI -0.03 to 0.01; quality of 
evidence: low ⊕⊕OO), the lumbar spine (MD 0.01 
g/cm²; 95% CI -0.02 to 0.03; quality of evidence: low 
⊕⊕OO), or total hip (MD -0.03 g/cm²; 95% CI -0.06  
to 0.01; quality of evidence: low ⊕⊕OO) following 
pulse methylprednisolone therapy (all I² = 0%;  
fixed-effect models applied) that was administered 
over a weighted mean of 5.5 months (range 3 to 
12 months). The lower limit of 95% CI for the BMD  
changes at femoral neck and lumbar spine did not 
exceed the prespecified LSC. Of the 2 studies24,28  
that reported TBS, no significant difference was 
detected (MD -0.02; 95% CI -0.10 to 0.07; I² = 0%; 
fixed-effect; quality of evidence: very low ⊕OOO)  
(Fig. 2).

Bone turnover markers
Five studies24,25,27,30,32 reported bone turnover markers. 
Both P1NP (MD -36.95 ng/mL; 95% CI -56.86 to -17.03; 

quality of evidence: low ⊕⊕OO) and CTx (MD -0.19 
ng/dL; 95% CI -0.32 to -0.07; quality of evidence: 
low ⊕⊕OO) showed significant reductions following  
pulse methylprednisolone treatment (I²≥50%; random-
effects models applied) (Fig. 3).

Biochemistry
Serum 25-hydroxyvitamin D levels significantly 
increased after treatment (MD 1.03 ng/mL; 95%  
CI 0.24 to 1.83; I² = 0%; fixed-effect; quality of  
evidence: low ⊕⊕OO).24,27,29,30,32 No significant 
changes were observed in serum calcium29,30,32 or  
intact parathyroid hormone24,27,29,30,32 concentrations 
(Fig. 4).

Subgroup analysis
A subgroup analysis comparing Graves’ disease24,25,27-29,32 
with other conditions (multiple sclerosis30,31 and 
rheumatological diseases) revealed no significant 
changes in BMD within either subgroup. Both P1NP 
and CTx significantly decreased in the Graves’ disease 
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subgroup. In contrast, only a single study was available 
in the non-Graves’ disease subgroup, and no significant 
changes were detected (Fig. 2).

Sensitivity analysis
The authors repeated all analyses, including only studies 

with an overall low risk of bias.25-27,29,30,32 The statistical 
significance of the results remained unchanged (Table 2).

[Insert Table 2, see separate Word document]

Publication bias
All funnel plots were examined, and no evidence of 

asymmetry was identified, though the small number of 
studies may limit interpretability. (Supplementary Fig. 
S1–9)

DISCUSSION
In th is  meta-ana lys i s ,  in termi t tent  pu lse 

methylprednisolone was not associated with a 
measurable short-term decline in BMD at the lumbar 
spine, femoral neck or total hip; there was also no 
consistent change in TBS over a mean follow-up period 
of 5.5 months. Intravenous pulse methylprednisolone 
therapy significantly reduced bone turnover markers, 
despite notable study heterogeneity. The findings 
suggest that pulse intravenous methylprednisolone can 
produce early detectable changes in bone remodelling 
that precede changes in BMD. This contrasts with chronic 
GC therapy, which is well known to cause rapid changes 
in BMD within 3 months of GC initiation, predisposing 
to early fracture risk.35,36 

GCs suppress bone formation primarily by inhibiting 

Fig. 2. Forest plots of bone mineral density and trabecular bone scores.

BMD: bone mineral density; CI: confidence interval; df: degrees of freedom; IV: inverse variance; SD: standard deviation; 
TBS: trabecular bone score
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Fig. 3. Forest plots of bone turnover markers.

Fig. 4. Forest plots of bone biochemistry.

CI: confidence interval; CTx: C-terminal telopeptide; df: degrees of freedom; IV: inverse variance; P1NP: procollagen type 1 N-terminal propeptide; 
SD: standard deviation 

CI: confidence interval; df: degrees of freedom; iPTH: intact parathyroid hormone; IV: inverse variance; SD: standard deviation 
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osteoblast differentiation and activity, in part through 
inhibition of the Wnt signalling pathway.36,37 GCs also 
increase the expression of Dickkopf-1 and sclerostin, 
reduce proliferation of osteoprogenitor cells, and 
promote differentiation of mesenchymal stem cells  
into adipocytes rather than osteoblasts.36 These  
effects result in a sustained reduction in osteogenesis. 
The low P1NP levels observed in this study are  
consistent with this biology, and suggest that even 
intermittent high-dose methylprednisolone exposure 
may lead to prolonged suppression of osteoblast  
function lasting for months to years.35,38 The interpre-
tation of reduced CTx is more complex. GCs have  
mixed and potentially biphasic effects on bone  
resorption. Initially, GC use has been associated with  
early bone resorption driven by increased osteoclast 
activity and attenuation of osteoblast-lineage 
suppression.38 Over time, osteoclast activity declines  
due to reduced receptor activator of nuclear 
factor kappa-B ligand production from suppressed  
osteoblasts, leading to variable trajectories in  
resorption markers.38 Apart from the effect of GCs 
on osteoclasts, GCs can induce osteocyte apoptosis, 
leading to variable levels of CTx at different time 
points.39 In pulse methylprednisolone regimens, the 
timing of sampling is therefore particularly important: 
CTx measured during or soon after a pulse may be 
elevated whereas the CTx measured weeks later may 
be reduced.40 Thus, the concurrent decreases in P1NP 
and CTx most likely reflect overall suppression of bone 
remodelling, with a more prominent and sustained 
inhibitory effect on bone formation. Clinically, this  
pattern is consistent with a low-turnover skeletal  
state and may explain the lack of significant BMD 
changes after a short course of intravenous pulse 
methylprednisolone therapy. Furthermore, the drug-
free intervals in pulse methylprednisolone therapy 
may allow partial recovery of remodelling signals and 
normalisation of osteoclast activity.41,42 Nevertheless, 
persistent suppression of bone formation may still  
have implications for longer-term bone health.

TBS provides a surrogate index of trabecular bone 
architecture and predicts fracture risk independent  
of BMD.43 In this analysis, no significant decline in TBS 
was observed after pulse intravenous methylpredni-
solone therapy. However, individual studies have  
reported divergent results. Rymuza et al.28 reported 
a decline in TBS in individuals with mild to moderate  
Graves’ disease orbitopathy treated with pulse 
intravenous methylprednisolone, whereas earlier  
studies by Censi et al.24 observed no demonstrable 
effect of pulse intravenous methylprednisolone on 
TBS in individuals with Graves’ orbitopathy. Clinically, 
this suggests that the effect of pulse intravenous 
methylprednisolone on TBS may be modest and  
context-specific, and that absence of decline in TBS  

does not necessarily exclude deterioration in bone  
quality in susceptible subgroups. 

The results are broadly consistent with comparative 
studies suggesting less BMD loss with pulse regimens 
compared with chronic daily GCs. Frediani et al.33 
conducted a randomised trial of 31 women with 
active rheumatoid arthritis who received either 
chronic oral methylprednisolone or intermittent 
methylprednisolone pulse therapy. After 12 months, 
chronic methylprednisolone therapy led to significant 
declines in BMD at the total hip, femur, and lumbar 
spine while no change in BMD was observed in the  
pulse methylprednisolone group.33 Handa et al.34  
studied 49 patients with dermatological conditions 
treated with daily prednisolone or intravenous 
dexamethasone at 4-weekly intervals. The authors 
found that individuals receiving intermittent intra-
venous dexamethasone experienced less reduction 
in lumbar spine T-score than those treated with daily  
oral prednisolone, consistent with differential effects 
across trabecular-rich (spine) versus cortical-rich  
(radius) bone by GC regimen. Among the limited  
studies reporting fracture outcomes, Zonana-Nacach 
et al.44 found in 539 patients with systemic lupus 
erythematosus that higher cumulative prednisone 
exposure was significantly associated with osteoporotic 
fractures, whereas each additional intravenous 
methylprednisolone pulse was associated with only  
a small, non-significant increase in fracture risk  
(relative risk 1.3, 95% CI 1.0–1.8; P=0.07). Similarly, 
in the retrospective 10-year study by Cheng et al.45,  
no vertebral compression fractures were reported 
among 46 patients with active systemic sclerosis  
treated with pulse methylprednisolone therapy,  
although 21 patients had also received long-term low-
dose oral glucocorticoids.

From a clinical standpoint, these findings suggest  
that short-term stability in BMD following pulse 
intravenous methylprednisolone should be interpreted 
cautiously. Baseline fracture risk assessment remains 
important, especially in patients with high underlying 
osteoporosis risk or recurrent pulse methylpredni- 
solone exposure. While BMD is unchanged, changes 
in bone turnover markers are detectable and early 
fracture risk in GC exposure can be driven by markers 
not captured in bone imaging. Notably, the absence  
of a measurable short-term decline in BMD should  
not be equated with absence of fracture risk, as  
GC exposure may impair bone strength through 
mechanisms not fully captured by areal BMD alone. 

Furthermore, early fracture risk associated with  
chronic oral GC therapy could only be partly explained  
by BMD loss, as excess GC also impairs bone mine-
ralisation and microarchitecture, and could predispose 
to falls via muscle myopathy. Thus, clinicians should 
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avoid over-reliance on BMD alone and consider  
vertebral fracture assessment, prior fracture history,  
fall risk, or even consider using TBS where available.9,35 
Most of the studies in this analysis have focused on 
assessment of bone density in lumbar spine and  
hip. Handa et al. reported that patients receiving 
intermittent intravenous dexamethasone had a signifi-
cantly greater decline in radial head BMD compared  
with those on daily oral prednisolone, reinforcing the 
variable sensitivities of skeletal cells to GC regimens.34 
Distal radius BMD may be particularly relevant in  
younger individuals in predicting upper-limb fracture 
risk,46 and may need to be considered in young  
individuals receiving intermittent pulse methylpred-
nisolone therapy.47,48 Finally, current guidance and risk 
prediction tools have not addressed the implications 
of pulse intravenous methylprednisolone therapy.  
The Fracture Risk Assessment Tool, also known as 
FRAX (University of Sheffield, Sheffield, UK), treats  
GC exposure dichotomously with dose adjustments 
designed for daily regimens, making translation 
to intermittent high-dose pulses challenging. Until 
further evidence emerges, patients undergoing pulse 
intravenous methylprednisolone treatment with a high 
risk of fractures should be managed in the same way as 
those on long-term oral glucocorticoids. This includes 
providing calcium and vitamin D supplementation, 
along with standard lifestyle measures that align with 
the principles for preventing glucocorticoid-induced 
osteoporosis. 

This analysis has several strengths, including a  
well-structured research question defined within a 
framework, and formal risk-of-bias assessment that 
improved methodological rigour and transparency. 
Nonetheless, several limitations should be acknow-
ledged. Only 8 studies involving 192 participants were 
included, which restricts statistical power and limits 
robustness and generalisability of the pooled findings. 
Moreover, the mean follow-up of approximately  
5.5 months may be insufficient to detect clinically 
meaningful changes in BMD and is inadequate for 
assessing fracture outcomes, which generally require 
longer observation periods. Additionally, there 
was substantial clinical heterogeneity across the 
included studies. The study populations varied widely,  
including individuals with Graves’ disease,49,50 multiple 
sclerosis,51,52 and rheumatological or other inflamma- 
tory conditions,53-55 all of which may independently 
influence bone metabolism through differences in 
inflammatory burden,56 mobility,57,58 endocrine status,59 
nutritional factors,60 and concomitant therapies.61  
In addition, pulse intravenous methylprednisolone 
regimens differed across studies in dose, cumulative 
exposure, frequency, and duration, which may 
differentially affect skeletal outcomes. This variability 

reflects differences in the design and clinical context 
of the available primary studies and thus represents 
an inherent limitation of the current evidence base. 
Furthermore, inconsistent reporting of incident 
fractures, limited TBS data, and heterogeneity in bone 
turnover marker assays and sampling time points  
further constrained interpretation. Although within-
person pre-/post-comparisons may reduce some 
confounding, the small number of studies precluded 
meaningful subgroup analyses. Accordingly, the  
findings should be interpreted cautiously, and larger 
longitudinal studies with longer follow-up are needed. 

CONCLUSION
In conclusion, pulse intravenous methylprednisolone 
therapy does not significantly alter spine or hip BMD 
over the short-term, but it suppresses bone formation 
and resorption markers, indicating early effects on bone 
remodelling. Although pulse regimens may be less 
detrimental to BMD than chronic daily GC exposure, 
current evidence is insufficient to conclude that  
fracture risk is negligible, particularly among high-risk 
patients or those receiving repeated or high cumulative 
doses. From a clinical perspective, preservation of 
short-term BMD should not be equated with skeletal 
safety; baseline fracture risk assessment remains 
important, and clinicians should not rely on BMD alone 
when evaluating patients receiving pulse intravenous 
methylprednisolone. Future well-designed controlled 
studies should directly compare pulse and chronic 
regimens with standardised timing of turnover marker 
sampling, incorporate bone quality assessments such 
as TBS at peripheral skeletal sites such as the radius, 
and include fracture and fall outcomes.

Ethics statement
Not applicable, as no participants were recruited.

Declaration
The authors declare they have no affiliations with any 
commercial organisation with a direct financial interest 
in the subject or materials discussed in the manuscript.

Supplementary materials
Table S1. Search strategy.
Table S2. Risk of Bias (ROBINS-E).

REFERENCES
1.	 Einarsdottir MJ, Ekman P, Trimpou P, et al. High prescription rate  

of oral glucocorticoids in children and adults: A retrospective  
cohort study from Western Sweden. Clin Endocrinol (Oxf) 
2020;92:21-8.

2.	 Walsh LJ, Wong CA, Pringle M, et al. Use of oral corticosteroids 
in the community and the prevention of secondary osteoporosis: 
a cross sectional study. BMJ 1996;313:344-6.



Pulse methylprednisolone on skeletal health—Lawrence Siu-Chun Law et al.

Ann Acad Med Singap Vol 55 No 5 May 2026 | annals.edu.sg 250

3.	 Gudbjornsson B, Juliusson UI, Gudjonsson FV. Prevalence of  
long term steroid treatment and the frequency of decision  
making to prevent steroid induced osteoporosis in daily clinical 
practice. Ann Rheum Dis 2002;61:32-6.

4.	 Waljee AK, Rogers MA, Lin P, et al. Short term use of oral 
corticosteroids and related harms among adults in the United  
States: population based cohort study. BMJ 2017;357:j1415.

5.	 Souverein PC, Berard A, Van Staa TP, et al. Use of oral  
glucocorticoids and risk of cardiovascular and cerebrovascular 
disease in a population based case-control study. Heart  
2004;90:859-65.

6.	 Fardet L, Kassar A, Cabane J, et al. Corticosteroid-induced  
adverse events in adults: frequency, screening and prevention. 
Drug Saf 2007;30:861-81.

7.	 Broersen LH, Pereira AM, Jorgensen JO, et al. Adrenal 
Insufficiency in Corticosteroids Use: Systematic Review and  
Meta-Analysis. J Clin Endocrinol Metab 2015;100:2171-80.

8.	 Compston J. Glucocorticoid-induced osteoporosis: an update. 
Endocrine 2018;61:7-16.

9.	 Van Staa TP, Leufkens HG, Abenhaim L, et al. Use of  
oral corticosteroids and risk of fractures. J Bone Miner Res 
2000;15:993-1000.

10.	 Humphrey MB, Russell L, Danila MI, et al. 2022 American  
College of Rheumatology Guideline for the Prevention and 
Treatment of Glucocorticoid-Induced Osteoporosis. Arthritis  
Care & Research 2023;75:2405-19.

11.	 van Staa TP, Leufkens HG, Cooper C. The epidemiology 
of corticosteroid-induced osteoporosis: a meta-analysis.  
Osteoporos Int 2002;13:777-87.

12.	 LoCascio V, Bonucci E, Imbimbo B, et al. Bone loss in response 
to long-term glucocorticoid therapy. Bone Miner 1990;8:39-51.

13.	 Canalis E, Mazziotti G, Giustina A, et al. Glucocorticoid-induced 
osteoporosis: pathophysiology and therapy. Osteoporos Int 
2007;18:1319-28.

14.	 Amiche MA, Albaum JM, Tadrous M, et al. Fracture risk in oral 
glucocorticoid users: a Bayesian meta-regression leveraging  
control arms of osteoporosis clinical trials. Osteoporos Int 
2016;27:1709-18.

15.	 van Staa TP, Leufkens HG, Abenhaim L, et al. Oral corticosteroids 
and fracture risk: relationship to daily and cumulative doses. 
Rheumatology (Oxford) 2000;39:1383-9.

16.	 Balasubramanian A, Wade SW, Adler RA, et al. Glucocorticoid 
Exposure and Fracture Risk in a Cohort of US Patients With  
Selected Conditions. J Bone Miner Res 2018;33:1881-8.

17.	 Paccou J, Yavropoulou MP, Naciu AM, et al. Prevention and  
treatment of glucocorticoid-induced osteoporosis in adults: 
recommendations from the European Calcified Tissue Society.  
Eur J Endocrinol 2024;191:G1-17.

18.	 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items  
for systematic reviews and meta-analyses: the PRISMA  
statement. BMJ 2009;339:b2535.

19.	 Eriksen MB, Frandsen TF. The impact of patient, intervention, 
comparison, outcome (PICO) as a search strategy tool on  
literature search quality: a systematic review. J Med Libr Assoc 
2018;106:420-31.

20.	 Higgins JPT, Morgan RL, Rooney AA, et al. A tool to assess risk 
of bias in non-randomized follow-up studies of exposure effects 
(ROBINS-E). Environ Int 2024;186:108602.

21.	 Eastell R, Rosen CJ, Black DM, et al. Pharmacological  
Management of Osteoporosis in Postmenopausal Women:  
An Endocrine Society* Clinical Practice Guideline. J Clin  
Endocrinol Metab. 2019;104:1595-622.

22.	 Lee CC, Wang CY, Yen HK, et al. Zoledronate Sequential  
Therapy After Denosumab Discontinuation to Prevent Bone  
Mineral Density Reduction: A Randomized Clinical Trial. JAMA 
Netw Open 2024;7:e2443899.

23.	 Schunemann HJ, Brennan S, Akl EA, et al. The development 
methods of official GRADE articles and requirements for  
claiming the use of GRADE - A statement by the GRADE  
guidance group. J Clin Epidemiol 2023;159:79-84.

24.	 Censi S, Manso J, Pandolfo G, et al. Bone turnover markers,  
BMD and TBS after short-term, high-dose glucocorticoid  
therapy in patients with Graves’ orbitopathy: a small prospective 
pilot study. J Endocrinol Invest 2019;42:859-65.

25.	 Harslof T, Hikmet R, Ebbehoj E, et al. Bone turnover decreases  
and bone structure improves during treatment with weekly high-
dose methylprednisolone for 12 weeks in Graves’ orbitopathy. 
Endocrine 2023;82:664-72.

26.	 Haugeberg G, Griffiths B, Sokoll KB, et al. Bone loss in patients 
treated with pulses of methylprednisolone is not negligible: 
a short term prospective observational study. Ann Rheum Dis 
2004;63:940-4.

27.	 Rymuza J, Gutowska K, Kurpios-Piec D, et al. Decrease in 
Bone Formation and Bone Resorption during Intravenous 
Methylprednisolone Pulse Therapy in Patients with Graves’ 
Orbitopathy. J Clin Med 2022;11:5005.

28.	 Rymuza J, Pelewicz K, Przedlacki J, et al. Therapy With  
Intravenous Methylprednisolone Pulses Is Associated With  
Loss of Bone Microarchitecture in Trabecular Bone Score - 
Assessment Among Patients With Moderate-to-Severe Graves’ 
Orbitopathy: A Pilot Study. Front Endocrinol (Lausanne) 
2022;13:893600.

29.	 Rymuza J, Popow M, Zurecka Z, et al. Therapy of moderate- 
to-severe Graves’ orbitopathy with intravenous methylpred- 
nisolone pulses is not associated with loss of bone mineral  
density. Endocrine 2019;64:308-15.

30.	 Simeakis G, Anagnostouli M, Fakas N, et al. High-Dose 
Intravenous Steroid Treatment Seems to Have No Long-
Term Negative Effect on Bone Mineral Density of Young and  
Newly Diagnosed Multiple Sclerosis Patients: A Pilot Study. 
Biomedicines. 2023;11:603.

31.	 Zorzon M, Zivadinov R, Locatelli L, et al. Long-term effects of 
intravenous high dose methylprednisolone pulses on bone 
mineral density in patients with multiple sclerosis. Eur J Neurol 
2005;12:550-6.

32.	 Hu YX, Zheng RD, Fan YF, et al. The effects of bone metabolism 
in different methylprednisolone pulse treatments for Graves’ 
ophthalmopathy. Exp Ther Med 2020;19:333-8.

33.	 Frediani B, Falsetti P, Bisogno S, et al. Effects of high  
dose methylprednisolone pulse therapy on bone mass and 
biochemical markers of bone metabolism in patients with  
active rheumatoid arthritis: a 12-month randomized prospective 
controlled study. J Rheumatol 2004;31:1083-7.

34.	 Handa S, Singh G, Arora AK, et al. Effect of intravenous pulse 
dexamethasone versus daily oral prednisolone on bone mineral 
density in dermatology patients: Is it a site-specific response? 
Indian J Dermatol Venereol Leprol 2018;84:174-8.

35.	 Weinstein RS. Clinical practice. Glucocorticoid-induced bone 
disease. N Engl J Med 2011;365:62-70.

36.	 Hofbauer LC, Compston JE, Saag KG, et al. Glucocorticoid- 
induced osteoporosis: novel concepts and clinical implications. 
Lancet Diabetes Endocrinol. 2025;13:964-79.

37.	 Gado M, Baschant U, Hofbauer LC, et al. Bad to the Bone: The  
Effects of Therapeutic Glucocorticoids on Osteoblasts and 
Osteocytes. Front Endocrinol (Lausanne) 2022;13:835720.



Pulse methylprednisolone on skeletal health—Lawrence Siu-Chun Law et al.

Ann Acad Med Singap Vol 55 No 5 May 2026 | annals.edu.sg 251

38.	 Seibel MJ, Cooper MS, Zhou H. Glucocorticoid-induced 
osteoporosis:  mechanisms, management,  and future  
perspectives. Lancet Diabetes Endocrinol 2013;1:59-70.

39.	 Brabnikova Maresova K, Pavelka K, Stepan JJ. Acute effects of 
glucocorticoids on serum markers of osteoclasts, osteoblasts,  
and osteocytes. Calcif Tissue Int 2013;92:354-61.

40.	 Dovio A, Perazzolo L, Osella G, et al. Immediate fall of bone 
formation and transient increase of bone resorption in the  
course of high-dose, short-term glucocorticoid therapy in 
young patients with multiple sclerosis. J Clin Endocrinol Metab 
2004;89:4923-8.

41.	 Buckley L, Humphrey MB. Glucocorticoid-Induced Osteoporosis. 
N Engl J Med 2018;379:2547-56.

42.	 Farraye FA, Melmed GY, Lichtenstein GR, et al. ACG Clinical 
Guideline Update: Preventive Care in Inflammatory Bowel  
Disease. Am J Gastroenterol 2025;120:1447-73.

43.	 Leib ES, Winzenrieth R. Bone status in glucocorticoid-treated  
men and women. Osteoporos Int 2016;27:39-48.

44.	 Zonana-Nacach A, Barr SG, Magder LS, et al. Damage in systemic 
lupus erythematosus and its association with corticosteroids.  
Arthritis Rheum 2000;43:1801-8.

45.	 Cheng H, Yu Z, Yan CL, et al. Long-Term Efficacy and Low Adverse 
Events of Methylprednisolone Pulses Combined to Low-Dose 
Glucocorticoids for Systemic Sclerosis: A Retrospective Clinical  
Study of 10 Years’ Follow-Up. J Inflamm Res 2022;15:4421-33.

46.	 Matkovic V, Goel P, Mobley SL, et al. Decreased bone mass in 
adolescents with bone fragility fracture but not in young children: a 
case-control study. Front Endocrinol (Lausanne) 2023;14:1124896.

47.	 Cauley JA, Lui LY, LeBoff MS, et al. New Challenges: Use and 
Interpretation of Radius Bone Mineral Density. J Clin Endocrinol 
Metab 2024;110:e1-7.

48.	 Holloway-Kew KL, Betson AG, Anderson KB, et al. Associations 
between ultra-distal forearm bone mineral density and incident 
fracture in women. Osteoporos Int 2024;35:1019-27.

49.	 Al Shoufy M, Nasrallah J, Al Jebawi K, et al. Graves’ disease and 
bone mineral density: a scoping review of the impact of graves’ 
disease on spinal health. J Clin Densitom 2026;29:101621.

50.	 Amashukeli M, Korinteli M, Zerekidze T, et al. The negative 
correlation between thyrotropin receptor-stimulating antibodies 
and bone mineral density in postmenopausal patients with  
Graves’ disease. J Investig Med 2013;61:842-7.

51.	 Bazelier MT, van Staa T, Uitdehaag BM, et al. The risk of fracture  
in patients with multiple sclerosis: the UK general practice  
research database. J Bone Miner Res 2011;26:2271-9.

52.	 Moen SM, Celius EG, Sandvik L, et al. Low bone mass in newly 
diagnosed multiple sclerosis and clinically isolated syndrome. 
Neurology 2011;77:151-7.

53.	 Kanis JA, Johansson H, McCloskey EV, et al. Rheumatoid arthritis 
and subsequent fracture risk: an individual person meta-analysis 
to update FRAX. Osteoporos Int 2025;36:653-71.

54.	 Mendoza-Pinto C, Rojas-Villarraga A, Molano-Gonzalez N, et 
al. Bone mineral density and vertebral fractures in patients with  
systemic lupus erythematosus: A systematic review and meta-
regression. PLoS One 2018;13:e0196113.

55.	 Liu Y, Ma X, Dai T, et al. Prevalence and relative risk of fractures  
and osteoporosis in patients with ankylosing spondylitis: a  
systematic review and meta-analysis. Osteoporos Int 2026.

56.	 Romas E, Gillespie MT, Martin TJ. Involvement of receptor  
activator of NFkappaB ligand and tumor necrosis factor-alpha  
in bone destruction in rheumatoid arthritis. Bone 2002; 
30:340-6.

57.	 Bultink IEM. Bone Disease in Connective Tissue Disease/Systemic 
Lupus Erythematosus. Calcif Tissue Int 2018;102:575-91.

58.	 Gibson JC, Summers GD. Bone health in multiple sclerosis. 
Osteoporos Int 2011;22:2935-49.

59.	 Lee SY, Pearce EN. Hyperthyroidism: A Review. JAMA 
2023;330:1472-83.

60.	 Nieves J, Cosman F, Herbert J, et al. High prevalence of  
vitamin D deficiency and reduced bone mass in multiple  
sclerosis. Neurology 1994;44:1687-92.

61.	 Xia J, Xie SY, Liu KQ, et al. Systemic evaluation of the  
relationship between psoriasis, psoriatic arthrit is and  
osteoporosis: observational and Mendelian randomisation  
study. Ann Rheum Dis 2020;79:1460-7.



2025 Singapore consensus on osteoporosis—Linsey Gani et al.

Ann Acad Med Singap Vol 55 No 5 May 2026 | annals.edu.sg 252

REVIEW ARTICLE https://doi.org/10.47102/annals-acadmedsg.202658

2025 Singapore consensus statements on the management of osteoporosis
Linsey Gani1 FRACP, Siok Bee Chionh2,3 FAMS, Nur Azizah Allameen4 MMed, Elizabeth Jiahui Chan5 MSc,  
Manju Chandran6 FAMS, Bertrand Chew7,8 FAMS, Ivan Chua9 FRCSEd (Orthopaedics), Swee Sen Foo10 FAMS,  
Intekhab Islam11,12 PhD, Tang Ching Lau3,13 PhD, Vivien Lim14 MBBS, Wen Yi Lim15 PhD, Alvin Ng16 FAMS,  
Rani Ramason17 FAMS, Donovan Tay18 FAMS, Jason Shau Khng Lim19 FAMS, Eu-Leong Yong3,20 FRCOG,  
Seng Bin Ang21 MMed

The Annals is an open access journal, allowing non-commercial use under CC BY-NC-SA 4.0.
1 LG Endocrinology, Novena Medical Center, Singapore 
2 Division of Endocrinology, National University Hospital, Singapore
3 Yong Loo Lin School of Medicine, National University of Singapore, Singapore 
4 Rheumatology Service, Division of Medicine, Woodlands Health, Singapore 
5 Cancer Rehabilitative Services, Singapore Cancer Society, Singapore
6 Department of Endocrinology, Osteoporosis & Bone Metabolism Unit, Singapore General Hospital, Singapore 
7 Excel Dental, Singapore
8 Tanglin Dental, Singapore 
9 Orthopaedics International, Mount Elizabeth Novena Hospital, Singapore
10 Department of Geriatric Medicine, Sengkang General Hospital, Singapore 
11 Oral & Maxillofacial Surgery, National University Centre for Oral Health Singapore
12 Faculty of Dentistry, National University of Singapore, Singapore 
13 Division of Rheumatology & Allergy, Department of Medicine, National University, Singapore 
14 Gleneagles Hospital, Singapore 
15 Endodontic Unit, Restorative Dentistry, National Dental Centre Singapore, Singapore 
16 The Endocrine Clinic, Mount Elizabeth Medical Centre, Singapore 
17 Department of Geriatric Medicine, Tan Tock Seng Hospital, Singapore 
18 Arden Diabetes and Endocrine Clinic, Singapore
19 Department of Obstetrics & Gynaecology, Singapore General Hospital, Singapore
20 Department of Obstetrics & Gynaecology, National University Hospital, Singapore 
21 Family Medicine Service and Menopause Centre, KK Women’s and Children’s Hospital, Singapore 
Correspondence: Dr Linsey Gani, 10 Sinaran Drive, #10-08, Novena Medical Center, Singapore 307506. Email: linsey.gani@gmail.com
Accepted: 8 May 2026
Published online first: 20 May 2026

ABSTRACT 
Introduction: Osteoporosis is a progressive disease 
characterised by changes in bone structure leading to 
fragility fractures. In Singapore, it is a significant health 
concern with a high prevalence, and is expected to  
increase as the population ages. These consensus  
statements aim to provide scientifically grounded 
recommendations for the management of osteoporosis, 
to standardise its management in Singapore and promote 
multidisciplinary collaboration.
Methods: An expert panel comprising 18 representa- 
tives from 10 Singapore medical bodies developed 
consensus statements based on current evidence and 
through multiple online meetings. Each panellist voted 
on each statement independently using a 3-point Likert 
scale (Agree, Neutral, Disagree). Consensus (total ratings 
of “Agree”) was set a priori at ≥80%, with statements  
not reaching this threshold excluded for lacking  
consensus. 
Results: The expert panel reached consensus on 80 
consensus statements. These include 10 statements on 
screening, risk factors, and fracture risk assessment; 7 
statements on initial bone mineral density testing; 5 on 
the indications for pharmacotherapy; 20 on osteoporosis 
pharmacotherapy; 24 on treatment targets, treatment 
monitoring, and follow-up bone mineral density testing; 
and 14 statements on the prevention and management  
of medication-related osteonecrosis of the jaw.

Conclusion: The consensus statements in this paper  
guide clinicians in using the latest evidence and expert 
opinion to inform appropriate diagnostic and therapeutic 
approaches for the management of osteoporosis. These 
statements are not intended to replace current guidelines, 
but rather to support clinical decision-making and help 
develop individualised, patient-centred management  
plans based on the patient’s demographics, clinical 
characteristics, and preferences. 

Keywords: bone mineral density, consensus, fractures, 
osteoporosis, pharmacotherapy

CLINICAL IMPACT

What is New
•	 These consensus statements integrate the latest 

clinical evidence with practical considerations in the 
management of osteoporosis in Singapore. 

•	 The statements align with and complement the 
Agency for Care Effectiveness Clinical Guidance 
published on 15 August 2025 on thresholds, 
pharmacotherapy options, and referral triggers. 
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across specialties—including primary care physicians, 
specialists, and allied health providers—in clinical 
decision-making for the screening, diagnosis, and 
management of osteoporosis to improve patient 
outcomes and reduce the burden of osteoporotic 
fractures in Singapore. 

While several international and Asia-Pacific consen- 
sus statements have been published on the mana- 
gement of osteoporosis, these recommendations are 
often developed in the context of heterogeneous 
healthcare systems and may not fully address practice 
realities in Singapore. This Singapore consensus was 
developed to complement existing regional guidance 
by providing context-specific recommendations that 
reflect epidemiology, healthcare infrastructure, access  
to diagnostics and therapies, and prevailing clinical 
practice patterns in Singapore, with an emphasis on 
practical implementation across multidisciplinary care 
settings.

Importantly, these consensus statements aim to 
supplement the Agency for Care Effectiveness (ACE) 
Clinical Guidance (“Osteoporosis: Diagnosis and 
Management”) published in 2025 by expanding the 
discussion on various topics, including screening, 
pharmacotherapy, treatment targets, treatment  
response, patient monitoring and follow-up, and 
medication-related osteonecrosis of the jaw (MRONJ).12 

METHODS 
An expert panel was formed to represent several 
medical specialties involved in the management of 
osteoporosis, including endocrinologists, rheuma- 
tologists, geriatricians, obstetricians and gynae-
cologists, orthopaedic surgeons, dentists and dental 
surgeons, and primary care physicians with an interest 
in osteoporosis. To achieve this, the following societies 
were invited to nominate 2 representatives each to the 
expert panel: the Osteoporosis Society (Singapore); 
the Singapore Dental Association; the Endocrine  
and Metabolic Society of Singapore; the Society 
for Geriatric Medicine Singapore; the Singapore 
Orthopaedic Association; the Obstetrical and Gynae-
cological Society of Singapore; the College of Dental 
Surgeons; the Singapore Society of Rheumatology; 
the Chapter of Endocrinology; and the College  
of Obstetricians and Gynaecologists. A total of 
18 experts accepted the nominations from their  
respective societies. 

A steering committee comprising 3 specialists  
(2 endocrinologists, 1 family physician) conducted 
a formal literature review using Medline/PubMed, 
Embase, the Cochrane Library, and Google Scholar.  
The retrieved literature was then assessed using 
the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) system.13 The 
level of evidence was graded as follows: (1) high (i.e.  

INTRODUCTION
Osteoporosis is a progressive disease characterised by 
a decrease in bone mineral density (BMD) secondary 
to pathophysiological alterations in the bone 
microstructure that predispose patients to fragility 
fractures. It is a global health problem that has caused 
significant morbidity and mortality, leading to a lower 
quality of life and increasing healthcare costs.1

In the Asia-Pacific region, a study involving 9 member 
countries of the Asian Federation of Osteoporosis 
Societies found that the number of hip fractures 
will increase from 1,124,060 in 2018 to 2,563,488 in  
2050.2 In Singapore, a systematic review reported 
a prevalence of 8.5% among all adult men, 6.8%  
among women aged 45–69 years, and 35.7%–59%  
among all adults aged 60 years and above.1

While the incidence of femoral neck fractures among 
adults 45 years old and above was 611 per 100,000 
person-years or lower, estimates among women 75 
years old and older were much higher (up to 1369 per 
100,000 person-years).1 

According to Singapore data, 36,082 first hip  
fractures were recorded in an 18-year study period in 
the new millennium—from 2000 to 2017—where the 
incidence of hip fracture admissions continued to rise 
from 1487 to 2729 fractures/year, in keeping with an 
ageing population.3 Singaporean women have twice  
the hip fracture rate of men, and risk factors  
are related to menopausal osteoporosis and low 
oestrogen levels and bioactivity.4-6 Osteoporosis in 
women is also more prominent among those with  
low body mass index (BMI), Chinese ethnicity, 
sleep apnoea, chronic joint pain, and weak muscle  
strength.7-10 

Despite the burden of osteoporosis, it remains under-
treated in Singapore, and more than 54% of primary 
care physicians reported barriers to osteoporosis 
management, including low familiarity with patient 
follow-up (18%), pharmacological treatments (11%),  
and interpretation of BMD (9%).11 To address some  
of these gaps, these consensus statements were 
developed to provide practical, context-specific 
recommendations to guide healthcare professionals 

Clinical Implications
•	 Clinicians should stratify patients by fracture risk and 

implement personalised, patient-centred treatment 
pathways that escalate rapidly for very high-risk 
individuals.

•	 Long-term management requires careful planning 
of transitions in pharmacotherapy, and appropriate 
specialist referral and multidisciplinary management 
as the patient’s condition evolves during 
management. 
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high confidence that the true effect is similar to the 
estimated effect); (2) moderate (i.e. true effect is 
probably close to the estimated effect); (3) low (i.e.  
true effect might be markedly different from the  
estimated effect); and (4) very low (i.e. very low certainty 
of the true effect). The level of evidence was modified 
if variations in the estimated clinical effects—due to 
ethnicity, cultural context, healthcare infrastructure, 
access to resources, and prevailing clinical practice—
were observed and differed from the published  
findings. 

A modified Delphi process was used in the consensus 
process. This included structured, predefined items, 
qualitative as well as semi-structured or quantitative 
ratings, and 2 to 3 rounds of voting, unlike a traditional 
Delphi approach.14 Based on the findings of the  
literature review, a steering committee developed 
comprehensive consensus statements focusing on 
osteoporosis screening, risk factor assessments, 
diagnostics, therapeutic approach, monitoring, and 
follow-ups. The statements, together with the evidence, 
were reviewed by the entire expert panel over online 
meetings and email correspondence. The meetings 
were led by the steering committee and moderated  
by an independent methodologist. The consensus 
process required expert panels to indicate their 
agreement with the various statements by voting using  
a standardised voting sheet. Panel members indepen-
dently rated their level of agreement with each draft 
statement on a 3-point Likert scale (Agree, Neutral, 
Disagree). Statements underwent 2 to 3 Delphi  
rounds and 3 rounds of voting. Statements that  
achieved at least 80% agreement at “Agree” were 
accepted as consensus recommendations. Statements 
that did not reach consensus despite multiple iterations 
(e.g. specific fracture risk thresholds for treatment 
initiation) were either excluded or presented with  
explicit acknowledgement of lack of consensus; in  
such cases, individualised clinical judgement was 
encouraged. 

Statements that achieved consensus were classified 
as follows: “Strong” if the benefits of the intervention 
outweigh the undesirable effects and was chosen 
by most well-informed individuals, attaining high 
percentage of consensus agreement; “Weak” if there 
was uncertainty in the desirable and undesirable 
effects of the intervention due to low quality of  
evidence, or an alternative intervention was available; 
“good practice statement” (GPS) if the recommen-dation 
was based on clinical expert opinion. 

RESULTS 
The expert panel reached consensus on 80 statements. 
These include 10 statements on screening, risk 
factors, and fracture risk assessment; 7 statements on 
initial BMD testing; 5 statements on the indications 
for pharmacotherapy and 20 statements on the 
various pharmacological agents for osteoporosis;  
24 statements on treatment targets, treatment moni-
toring, and follow-up BMD testing; and 14 statements 
on the prevention and management of MRONJ. 

DISCUSSION

Screening, risk factors, and fracture risk assessment
Early identification of individuals at risk and the use 
of targeted screening strategies for osteoporosis 
and fragility fractures are fundamental to effective 
fracture prevention. The expert panel recommends 
that risk factors for fragility fractures be assessed in  
all postmenopausal women as well as men 60 years  
old and above. Well-recognised risk factors include 
a history of fragility fracture, family history of osteo- 
porosis, being of Chinese ethnicity, a history of falls,  
a BMI of <20 kg/m², early menopause (≤45 years  
old), lifestyle factors such as smoking and alcohol 
consumption, poor dietary calcium intake, long-term  
use of medications that accelerate bone loss, and  
chronic conditions such as diabetes mellitus or 
inflammatory rheumatic diseases.12

Table 1. Statements 1–3.

Statement Quality of  
evidence

Level of consensus  
(% agree)

Strength of 
recommendation

1.	 All postmenopausal women should be assessed for risk  
factors for fragility fractures.

Low 83 Strong

2.	 All men aged 60 and above should be assessed for risk  
factors for fragility fractures.

Low 86 Strong

3.	 OSTA can be used for osteoporosis risk assessment in 
postmenopausal Singaporean women of Asian ethnicity.

Moderate 86 Strong

OSTA: Osteoporosis Self-Assessment Tool for Asians
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In Singapore, the Osteoporosis Self-Assessment  
Tool for Asians (OSTA) may be used for osteoporosis  
risk among postmenopausal Singaporean women of  
Asian ethnicity.15 OSTA stratifies risk using only 2  
variables: age (years) and weight (kg). Patients are 
classified as high (score >20), moderate (score 0–20),  
or low risk (score <0) (Supplementary Fig. S1), provi- 
ding a simple and practical guide in the primary care 
setting to identify those who should undergo BMD 
testing. The overall performance of OSTA is known to 
vary between populations, as demonstrated in various 
studies. Among postmenopausal women in Beijing, 
OSTA was shown to have a sensitivity of 69.6% and  
a specificity of 75.1%.16 For postmenopausal women  
in rural India, OSTA had a sensitivity of 88.5% and a 

specificity of 41.7%.17 For Thailand, pooled estimates 
for sensitivity and specificity were 84% and 61%, 
respectively.18 In Hong Kong, a recent study found 
that in women under 65 years old, OSTA had a 
sensitivity of 67.8% and specificity of 63.4%; in older 
women, sensitivity was high at 97.3%, but specificity 
was low (18.1%).19 In contrast, a newly developed  
scale (Chinese Osteoporosis Screening Algorithm, 
or COSA) had improved sensitivity and specificity in  
the Singapore population in Hong Kong.19 Lastly, a 
Singapore study found that a modified cut-off point  
of -1.2 had a sensitivity of 76% and a specificity of 
74%.20 Future studies should be conducted to assess  
the specificity and sensitivity in Singapore among  
different ethnicities and age groups. 

Table 2. Statements 4–10.

Statement Quality of  
evidence

Level of consensus  
(% agree)

Strength of 
recommendation

4.	 Fragility fractures are fractures that result from mechanical forces 
that would not ordinarily result in fracture (i.e. low-level or low-
energy trauma).

High 89 Strong

5.	 Risk factors for fragility fractures include previous fragility fracture; 
family history of osteoporosis or fragility fracture; BMI <20 kg/m2; 
early menopause (45 years old or younger); low calcium intake 
(<500 mg/day); alcohol intake >2 units/day; smoking; prolonged 
immobility; history of falls; medications that may increase bone 
loss (e.g. glucocorticoids use >3 months in the last year or 
prednisolone dose >5 mg daily, aromatase inhibitors, androgen 
deprivation therapy); and diseases that may increase risk of 
fractures (e.g. diabetes or inflammatory rheumatic disease).

Moderate 89 Strong

6.	 Clinicians should exercise clinical judgement in undertaking 
fracture risk assessment. Individualise fracture risk assessment 
according to patients’ clinical risk factors and relevant medical 
history.

Low 100 GPS

7.	 Femoral neck BMD (g/cm2) is recommended for use in the FRAX 
calculator. 

High 100 Strong

8.	 The presence of lower scores in other BMD sites requires 
consideration of FRAX adjustments and clinical judgement to 
individualise fracture risk assessment.

Moderate 89 Strong

9.	 Individuals with type 2 DM should have 1 of the following 
adjustments considered in the calculation of their fracture  
risks: (1) substitute rheumatoid arthritis with type 2 DM in  
FRAX; or (2) reduce the T-score by 0.5 deviations; or  
(3) add 10 years to the age.

Moderate 89 Strong

10.	 Authors recommend defining a VHR category as follows:

•	 Clinical: Presence of any of the following—recent fragility 
fracture in the last 1 year; history of multiple previous fragility 
fractures; more than 2 fragility fractures while on treatment; 
T-score ≤-3.0; high fall risk; or long-term use of bone-harming 
medications. 

•	 FRAX-based: MOFP or HFP that is ≥20% above the applicable 
intervention threshold, whether fixed, age-dependent, or 
plateau thresholds.

Low 89 Strong

BMD: bone mineral density; BMI: body mass index; DM: diabetes mellitus; FRAX: Fracture Risk Assessment Tool; GPS: good practice statement; 
HFP: hip fracture probability; MOFP: major osteoporotic fracture probability; RA: rheumatoid arthritis; T2DM: type 2 diabetes mellitus;  
VHR: very high risk of fracture
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Fragility fractures (i.e. fractures caused by low- 
energy trauma, which is quantified as a force equal to  
or less than that of a fall from standing height) can  
occur in any bone in the body, but their most common 
locations are in the spine, hip, and wrist. In a 2016 
Singapore retrospective observational study, a history 
of fragility fracture was reported in 7% of women  
aged 50 and above.21 Likewise, a 2019 Singapore 
population-based study highlighted the age-adjusted 
incidence of hip fractures in adults aged 50 and above:  
253 and 125 per 100,000 in women and men, 
respectively.22

The expert panel highlighted the importance of 
fracture risk stratification and individualised fracture  
risk assessment, including the use of validated tools  
such as the Fracture Risk Assessment Tool (FRAX). 
The FRAX tool estimates an individual’s 10-year risk 
of hip or major osteoporotic fracture based on age, 
body mass index, and additional risk factors.21 A 
randomised controlled trial found that compared with 
usual care, community-based screening using FRAX 
and commencement of anti-osteoporosis treatment 
reduced the incidence of hip fractures in women aged 
70–85 years.23

The expert panel underscores that in addition to 
the parameters included in FRAX, the clinician should 
also consider other individual patient-related factors,  
such as mobility, comorbidities, medication use, and 
lifestyle factors. Type 2 diabetes (T2DM), in particular, 
affects FRAX calculations, which tend to underestimate 
fracture risk in T2D. Therefore, individuals with T2DM 
should have 1 of the following adjustments consi- 
dered in the calculation of their fracture risks:  
(1) substitute rheumatoid arthritis with T2DM in FRAX; 
or (2) reduce the T-score by 0.5 deviations; or (3) add 
10 years to the age.

The expert panel also emphasised that the BMD  
at the femoral neck is the value recommended for use  
in FRAX, as the FRAX model was developed and  
validated using femoral neck measurements. Hence,  
this value provides the most robust and least con- 
founded predictor of hip fracture risk.

Patients with major osteoporotic fracture probability 
(MOFP) or hip fracture probability (HFP) ≥20% above 
the applicable interventional threshold are considered 
at very high risk of fractures (VHR). The presence  
of a recent fragility fracture in the last 1 year, history  
of multiple fragility fractures, more than 2 fragility 
fractures while on treatment, T-scores of ≤-3.0, high 
fall risk, or chronic medication use that leads to rapid 
bone loss (such as aromatase inhibitors and high-dose 
glucocorticoids) are also hallmarks of VHR. Patients  
with VHR represent a subset that requires more aggres-
sive therapy and follow-up.24 

It should be noted that the expert panel was unable 
to reach consensus on the specific FRAX threshold 

to recommend in these consensus statements. While  
72% agreed to adopt the thresholds recommended  
by the 2025 ACE Clinical Guidance,12 28% advocated 
for a hybrid FRAX-based intervention threshold (i.e. 
fixed thresholds [MOFP ≥14%, HFP ≥3.5%] from 
50 to 65 years old; age-dependent thresholds from  
>65 to 74 years old; and plateau thresholds from ≥75 
years old, using the 75-year-old values [23.9% MOFP, 
9.45% HFP]).25 The former had undergone an ACE  
cost-effectiveness analysis, and a unified recommen-
dation on the intervention thresholds simplifies  
decision-making. However, a non-negligible minority 
raised concerns about the potential for overtreatment  
in the upper extreme of age. Given the lack of  
consensus, the expert panel suggests a holistic  
approach, with FRAX as one factor in the decision  
to treat. 

Initial BMD testing
BMD testing by dual-energy x-ray absorptiometry 
(DXA) remains the gold standard for diagnosing 
osteoporosis and monitoring treatment.26  A T-score 
of ≥-1.0 indicates normal bone density. On the other 
hand, a T-score of <-1.0 to >-2.5 indicates osteopenia, 
and a T-score of  ≤-2.5 indicates  osteoporosis.26

The expert panel recommends initial BMD testing  
for all postmenopausal women aged ≥65 years and  
for those with fragility fractures. In addition, BMD  
testing may be suggested for postmenopausal  
women aged 65 years and below with 1 risk factor for 
fragility fractures; for men aged 70 years and above; 
and for men aged 50 to 69 years with 1 risk factor for 
fragility fractures.

Measuring BMD using DXA at the central skeletal 
sites (typically L1–L4 and hip femoral neck or total  
hip) is considered best practice for diagnosing 
osteoporosis and assessing fracture risk.27 Central sites 
combine cortical and trabecular bone and correlate 
strongly with risk of major osteoporotic fractures, 
particularly hip fractures.

In some circumstances, however, measurements at  
the lumbar spine or hip may be unreliable or 
uninterpretable owing to age-related degenerative 
changes (osteophytes, vertebral compression, or 
scoliosis), hip prosthesis or other hardware, obesity 
beyond the limits of table positioning, or other artefacts 
that distort results. In such situations, the International 
Society of Clinical Densitometry allows use of the 
distal one-third radius (forearm) as an alternate site for 
diagnosis.28 

Pharmacotherapy
Pharmacological therapy is indicated in individuals  
with established osteoporosis or those at high risk of 
fracture. Hence, it is recommended in the following 
patients: (1) postmenopausal women and men ≥50 
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Table 3. Statements 11–17.

Statement Quality of  
evidence

Level of consensus 
(% agree)

Strength of 
recommendation

11.	 BMD is recommended in all postmenopausal women  
>65 years old.

Low 94 Strong

12.	 BMD is suggested for postmenopausal women ≤65 years  
old with one risk factor for fragility fracture.

Low 89 GPS

13.	 BMD is suggested for men aged ≥70 years old. Low 83 GPS

14.	 BMD is suggested for men 50–69 years old with 1 risk factor for 
fragility fractures.

Low 83 GPS

15.	 BMD is recommended for those with fragility fractures Moderate 94 Strong

16.	 BMD should be measured by dual energy X-ray absorptiometry 
(DXA) scanning on at least two central skeletal sites, typically the 
lumbar spine (L1–L4) and the hip.

Moderate 94 Strong

17.	 If the standard skeletal sites are deemed unsuitable for DXA 
scanning, measurement of the distal 1/3 radius as an alternative 
site is recommended.

Low 83 Strong

BMD: bone mineral density; DXA: dual-energy X-ray absorptiometry; GPS: good practice statement 

Table 4. Statements 18–22.

Statement Quality of  
evidence

Level of consensus 
(% agree)

Strength of 
recommendation

Indications for pharmacotherapy

18.	 Pharmacotherapy is recommended in postmenopausal females 
who have had any fragility fracture

High 89 Strong

19.	 Pharmacotherapy is recommended in males ≥50 years old who 
have had any fragility fracture

Moderate 89 Strong

20.	 Pharmacotherapy is recommended in postmenopausal females 
with T-score ≤-2.5

High 83 Strong

21.	 Pharmacotherapy is recommended in men with T-score ≤-2.5 Moderate 83 Strong

22.	 Individuals who obtained FRAX scores above the recommended 
threshold of treatment should consider the commencement of 
pharmacotherapy.

Low 83 Strong

FRAX: Fracture Risk Assessment Tool

years old who have had any fragility fracture; (2) 
postmenopausal females and men with T-scores of  
≤-2.5; and (3) those who obtained a FRAX score  
above the recommended threshold of treatment.12,29,30 
The goal of osteoporosis treatment is to reduce  
fracture risk by improving bone strength. 

Menopausal hormonal therapy (MHT) should be 
considered for fracture risk reduction in appropriately 
selected postmenopausal women, particularly those 
within 10 years of their final menstrual period.31-33 In 
this time window, the balance of benefits and harms 
is most favourable for bone protection, provided 
contraindications are absent and class individual 

cardiometabolic and breast cancer risks are assessed. 
Early menopause (ages 40–45) warrants particular 
attention. Continuation of MHT up to the average age 
of natural menopause mitigates skeletal sequelae of 
prolonged oestrogen deficiency.5 Tibolone may be 
considered for women ≤60 years old, recognising that 
use beyond this age is generally discouraged due to 
increased stroke risk.34 These recommendations are 
concordant with contemporary regional guidance 
emphasising individualised risk–benefit appraisal.24,29,35

A selective oestrogen receptor modulator (SERM)  
is an appropriate therapeutic alternative for post-
menopausal women at risk of vertebral fractures who  



2025 Singapore consensus on osteoporosis—Linsey Gani et al.

Ann Acad Med Singap Vol 55 No 5 May 2026 | annals.edu.sg 258

cannot tolerate, or decline, other first-line agents 
and who do not experience problematic vasomotor 
symptoms.26,36 Their vertebral fracture efficacy and 
potential breast cancer risk–modifying profile support 
targeted use, most notably in younger postmeno- 
pausal women with a personal or family history of  
breast cancer and predominant spinal fragility risk.37,38 
As SERMs have limited efficacy for hip and non- 
vertebral fractures, clinicians should assess their  
suitability based on the individual patient’s fracture 
pattern and overall risk profile, consistent with an 
individualised approach to fracture reduction.36

Oral bisphosphonates are recommended as first-
line therapy for patients at high fracture risk owing 
to their robust antifracture efficacy, long-term safety  
data, accessibility, and cost-effectiveness.12,39 Therapy 
should be reassessed after 5 years for oral regimens  
and after 3 years for intravenous zoledronate to 
determine if the treatment target has been reached 
or whether continuation of treatment is indicated.40 
Furthermore, assessment of the risk and benefit of 
bisphosphonate treatment should be considered 
after 3 to 5 years of therapy in view of the higher risk 
of adverse effects such as atypical femoral fractures  
(AFF) in the Asian population.41-43 Patients who fail to 
achieve treatment targets (e.g. those with incident 
fractures on therapy, clinically significant BMD decline 
beyond the least significant change, or persistently 

elevated bone turnover markers) should be transitioned 
to an alternative therapy, including a different class  
where adherence to oral bisphosphonate was high.40

Parenteral antiresorptives (zoledronate, denosumab) 
are appropriate for those with poor oral tolerance, 
malabsorption, adherence barriers, or sub-optimal 
response, and are likewise indicated when rapid  
fracture risk mitigation is required.44-46 Additionally, 
denosumab is appropriate for patients who require 
pharmacotherapy but have contraindications to, or 
intolerance of, bisphosphonates, and may be consi- 
dered in VHR states when anabolic therapy cannot  
be initiated. 

All non-bisphosphonate therapy, and especially 
denosumab therapy, should not be interrupted without 
a transition plan to switch to an anti-resorptive, if 
necessary, before a final transition to bisphosphonate. 
Discontinuation of denosumab is associated with 
a rebound increase in bone turnover, rapid loss of  
accrued BMD, and, in some cases, multiple sponta- 
neous vertebral fractures.47,48 Where cessation is 
necessary, timely antiresorptive coverage (preferably 
with an intravenous bisphosphonate if denosumab 
therapy has been ongoing for more than 2.5 years)  
is recommended to attenuate rebound effects. Specia-
list referral is advisable in the presence of significant 
BMD decline, incident vertebral fractures, or rising  
bone turnover markers around discontinuation. 

Table 5. Statements 23–28.

Statement Quality of  
evidence

Level of consensus  
(% agree)

Strength of 
recommendation

Menopausal hormone therapy

23.	 Consider menopausal hormone therapy to reduce the risk  
of osteoporosis and/or fragility fractures in postmenopausal  
women within 10 years of menopause.

Moderate 83 Strong

24.	 The increased risk of adverse events associated with menopausal 
hormone therapy should be carefully weighed against its benefits.

Very low 94 GPS

25.	 SERMs should be considered as a treatment option for 
postmenopausal women with osteoporosis at risk of vertebral 
fractures who cannot tolerate other agents, if there are no 
problematic hot flashes.

Moderate 83 Strong

26.	 SERMs may be particularly useful in younger postmenopausal 
women at risk of vertebral fracture with a prior or family history  
of breast cancer.

Moderate 89 Strong

27.	 Menopausal hormone therapy should be considered in women 
with early menopause (40–45 years old) until at least the age  
of 50 years old.

Moderate 83 Strong

28.	 Tibolone may be considered in postmenopausal women ≤60 
years old. However, its use in older women is not recommended 
due to an increased risk of stroke.

Moderate 100 Strong

GPS: good practice statement; SERM: selective oestrogen receptor modulator
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Table 6. Statements 29–38.

Statement Quality of  
evidence

Level of consensus 
(% agree)

Strength of 
recommendation

Antiresorptive therapy

29.	 Oral bisphosphonate therapy is recommended as first-line 
treatment in patients at VHR.

High 100 Strong

30.	 In patients at VHR who are unable to be commenced on 
osteoanabolic treatment, IV zoledronate, or SC denosumab  
is recommended.

Moderate 94 Strong

31.	 Parenteral antiresorptive treatments such as zoledronate  
and denosumab are recommended for patients who do not 
respond adequately to oral bisphosphonate therapy.

Moderate 94 Strong

32.	 Oral bisphosphonate therapy should be reassessed after  
5 years of therapy.

Low 89 Strong

33.	 Intravenous bisphosphonate therapy should be reassessed  
after 3 years of therapy.

Moderate 83 Strong

34.	 Individuals or patients who have not achieved their target of 
osteoporosis treatment after 3–5 years of BP use should  
consider changing to an alternative drug class

Moderate 89 Strong

35.	 Denosumab may be considered in patients with VHR. Moderate 89 Strong

36.	 Denosumab is recommended in patients requiring 
pharmacotherapy but who have contraindications to or cannot  
tolerate bisphosphonate therapy.

Moderate 89 Strong

37.	 Denosumab therapy should not be interrupted in patients  
at VHR (no drug holiday).

Moderate 89 Strong

38.	 For patients experiencing a significant reduction in BMD, 
occurrence of vertebral fractures, or a rise in BTMa after 
discontinuing denosumab, referral to a specialist is  
recommended to advise on an alternative therapy.

Moderate 89 Strong

BMD: bone mineral density; BP: bisphosphonate; BTM: bone turnover marker; IV: intravenous; SC: subcutaneous; VHR: very high risk of fractures
a If available in clinical practice.

Table 7. Statements 39–42.

Statement Quality of  
evidence

Level of consensus 
(% agree)

Strength of 
recommendation

Anabolic agents

39.	 Anabolic agents (teriparatide or romosozumab) should be 
considered as first-line therapy for patients with very high  
fracture risk.

Moderate 83 Strong

40.	 It is recommended that the 12-month course of romosozumab 
therapy should be followed by antiresorptive treatment 
(denosumab or bisphosphonate).

Moderate 89 Strong

41.	 Teriparatide may be continued for more than 2 years if  
clinically indicated.

Low 94 Weak

42.	 In patients who require discontinuation of teriparatide,  
switching to an antiresorptive agent is recommended.

Moderate 94 Strong
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For VHR patients, such as those with recent  
vertebral fractures, multiple fragility fractures, very 
low T-scores, or other indicators of imminent risk, 
anabolic-first strategies (teriparatide or romosozumab) 
are recommended.44,49,50 Romosozumab is typically 
administered for 12 months and must be followed 
immediately by an antiresorptive agent to preserve 
gains.40 Teriparatide may be extended beyond 24  
months when clinically justified, with subsequent 
antiresorptive consolidation likewise imperative.51 
Accumulating evidence indicates that anabolic-then-
antiresorptive sequences yield larger BMD gains and 
greater fracture risk reduction—a finding now echoed 
in Asia-Pacific consensus and regional guidelines,  
with supportive real-world data emerging from East 
Asian cohorts.40,50 

Treatment targets and response, monitoring, and 
follow-up
The consensus statements on treatment targets, 
response assessment, and follow-up monitoring in 
osteoporosis provide a structured framework for 
optimising patient care. These recommendations 
emphasise the dual objectives of reducing fracture 

risk and ensuring long-term treatment safety, while 
allowing for individualised strategies based on patient 
risk profiles and therapeutic responses.

In patients with osteoporosis defined by a T-score  
≤-2.5, the primary treatment goal is to achieve a  
T-score above this high-risk threshold coupled with  
the absence of incident fragility fractures. This  
approach is consistent with both Asian and interna- 
tional guidelines that advocate for “treat-to-target” 
strategies in osteoporosis based on increasing  
evidence of fracture risk reduction with BMD 
improvement.51-53 A T-score of >-2.5 should be consi-
dered the minimal target; patients with other important 
risk factors might warrant higher T-score targets (for 
example, in individuals with a history of fracture, a 
higher T-score target of -2.0 might be appropriate).51 
When patients demonstrate a sub-optimal response,  
manifested by new fragility fractures, clinically signifi-
cant BMD decline beyond the least significant change  
(LSC), or persistently elevated bone turnover markers, 
systematic evaluation is required. This includes  
confirming treatment adherence, excluding secondary 
causes of osteoporosis, and, where appropriate,  
referral to a specialist.12,40

Table 8. Statements 43–46.

Statement Quality of  
evidence

Level of consensus 
(% agree)

Strength of 
recommendation

43.	 For patients with T-score ≤-2.5, the treatment target is a  
T-score of >-2.5 and no recent fractures.

Low 89 Strong

44.	 Osteoporosis therapy should be continued when treatment  
target has not been achieved.

Moderate 89 Strong

45.	 For patients initiated on treatment with a baseline T-score 
above -2.5 (i.e. in the osteopenic range), an adequate response 
to therapy may be defined as a stable BMD or an increase at 
the total hip or lumbar spine that exceeds the institution’s least 
significant change value.

Moderate 94 Strong

46.	 In patients who do not respond well to pharmacotherapy, 
evaluate treatment adherence, screen for secondary causes  
of osteoporosis and consider referral to a specialist.

Low 89 Strong

BMD: bone mineral density

Table 9. Statements 47–51.

Statement Quality of 
evidence

Level of consensus 
(% agree)

Strength of 
recommendation

47.	 Switching to an anabolic agent may be considered in patients  
who do not respond well to antiresorptive therapy.

Moderate 89 Strong

48.	 The addition of teriparatide may be considered in patients with 
inadequate response to denosumab.

Low 89 Weak

49.	 Osteoporosis therapy should be restarted if there is bone loss, 
especially at the hip.

Low 89 Strong

50.	 Osteoporosis therapy should be restarted if incident fragility 
fractures occur.

Moderate 94 Strong

51.	 Bisphosphonate therapy may be temporarily interrupted in 
patients who have achieved their osteoporosis treatment targets.

Low 94 Strong
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The consensus further provides clear direction on 
therapeutic sequencing. For patients inadequately 
responding to oral bisphosphonates, parenteral 
antiresorptive agents such as zoledronate or deno- 
sumab are recommended. These agents offer greater 
potency, parenteral convenience, and superior 
adherence, particularly in patients with gastrointestinal 
intolerance or poor compliance with oral therapy.40

Switching to an anabolic agent, such as teriparatide 
or romosozumab, may be considered in patients who 
continue to fracture or exhibit declining BMD despite 
potent antiresorptive therapy.40,54 Furthermore, in 
selected cases, adding teriparatide to denosumab  
may be considered, particularly when bone turnover 
suppression is inadequate. The DATA and DATA-
Switch studies provide evidence for this combination 
and sequential strategy, underscoring the principle 
of personalised therapy pathways.55 For patients  
who achieve treatment targets on bisphosphonates, 
temporary interruption (commonly termed a “drug 
holiday”) may be considered if they are no longer  
at high risk of fractures. This strategy aims to minimise  
rare, long-term adverse effects, such AFF and 
MRONJ, while preserving antifracture benefit from 
bisphosphonate skeletal retention. However, ongoing 
monitoring is essential, as therapy should be promptly 
re-initiated in cases of BMD decline, especially at the  
hip, or following incident fragility fractures. Deno- 
sumab, in contrast, should not be interrupted without 
alternative antiresorptive coverage, given the well-
established risk of rebound bone loss and multiple 
vertebral fractures on discontinuation.56

Monitoring is a cornerstone of effective long-term 
osteoporosis management. The consensus recom-
mends that patients undergo a clinical review within  
3–6 months of treatment initiation, followed by 
reassessment every 6–12 months to evaluate treat- 
ment adherence, emerging adverse effects, and  
evolving fracture risk. BMD measurement remains 
central to monitoring. The expert panel emphasises 
individualising repeat DXA intervals based on age, 
baseline BMD, treatment type, and fracture risk. A 1–2 
year interval is generally appropriate after initiating 
therapy, with shorter intervals warranted for those at 
high risk of rapid bone loss, such as patients receiving 
glucocorticoids or aromatase inhibitors. For untreated 
patients, testing frequency should reflect baseline  
fracture risk, with longer intervals in low-risk patients  
and closer monitoring in moderate-to-high-risk indivi-
duals if the results would alter clinical management. 
Importantly, follow-up BMD testing should only be 
performed when results are likely to influence patient 
decisions, to avoid unnecessary investigations.57

The expert panel highlights technical limitations 
in comparing BMD across different DXA devices. 

Quantitative comparisons or LSC calculations cannot  
be reliably made between machines unless cross-
calibration has been performed.57 Therefore, patients 
should ideally return to the same DXA device for  
follow-up measurements, provided that in vivo  
precision and LSC values are established and meet 
international standards. Even machines from the same 
manufacturer may differ in precision, reinforcing the 
importance of standardised monitoring protocols. 
However, if returning to the same BMD facility is not 
possible, the clinician may use their clinical judgement 
when reviewing the results. When long-term care is 
transferred to another facility or treating institution,  
BMD should be performed at the follow-up facility to 
maintain long-term continuity of care. 

The expert panel suggests that the use of bone 
turnover markers (BTMs) should be confined to 
specialists familiar with their interpretation and clinical 
applicability. While BTMs can provide early signals of 
treatment response and adherence, their variability  
and lack of standardisation limit their routine clinical 
use.58 Selective application in specialist centres allows 
integration with research-grade protocols and expert 
interpretation, minimising the risk of misclassification 
in general practice. 

The expert panel emphasises counselling of patients 
regarding preventive measures and monitoring for  
rare adverse events, particularly AFF and MRONJ, in 
patients receiving long-term antiresorptive therapy.59,60 
Patient education enhances vigilance for prodromal 
symptoms such as thigh pain in AFF or oral symptoms 
in MRONJ, enabling earlier intervention. 

Fig. 1 shows a proposed management algorithm 
based on fracture risk, including pharmacotherapy  
and follow-up. The authors underscore that pharma-
cotherapy should be individualised according to the 
patient’s specific fracture risk, patient preferences, 
comorbidities, and the safety profile of the various 
medications. 

Medication-related osteonecrosis of the jaw  
(MRONJ)
MRONJ is an uncommon but clinically significant 
adverse event of antiresorptive therapy.61 The consen- 
sus statements on MRONJ balance the prevention  
of oral complications with uninterrupted fracture risk 
reduction, an approach consistent with Singapore and 
international guidance.12,60 

Before antiresorptives are initiated, patients should 
undergo a structured dental risk assessment by the 
primary physician, receive oral hygiene education on 
tooth brushing and flossing, and have active dental 
disease treated. Extractions of non-restorable teeth 
and prosthesis adjustment should be completed  
where feasible.60 Importantly, treatment for those  
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Table 10. Statements 52–66.

Statement Quality of 
evidence

Level of consensus 
(% agree)

Strength of 
recommendation

52.	 Regularly reassess fracture risk and the requirement for 
osteoporosis therapy in patients not receiving therapy, but who 
remain at increased fracture risk.

Low 94 Strong

53.	 It is recommended to clinically review patients after initiating 
pharmacological therapy, and individualise the follow-up plan 
according to patient’s clinical risk and treatment.

Low 86 Strong

54.	 It is recommended that patients be reviewed 3–6 months after 
initiating pharmacological therapy for osteoporosis.

Low 83 Strong

55.	 It is recommended to follow up with patients every 6–12 monthly 
after initial clinical assessment, to assess for potential medication 
side effects and therapy adherence.

Low 89 Strong

56.	 Measurement of bone turnover markers should be confined to 
specialist practice. 

Low 94 Strong

57.	 The use of FRAX is not recommended for monitoring response to 
pharmacotherapy.

Low 89 Strong

58.	 Counselling and monitoring for rare adverse effects such as AFF 
and ONJ is recommended for patients on antiresorptive therapy. 

Moderate 89 Strong

59.	 Repeat BMD testing intervals must be individualised, considering 
a patient’s age, baseline BMD, the type of pharmacological 
treatment, and the presence of clinical risk factors that are 
associated with bone loss.

Very low 94 Strong

60.	 Follow-up BMD is suggested at 1–2 years after initiating 
pharmacotherapy depending on individual risk factors and  
type of osteoporosis treatment.

Low 94 Strong

61.	 Shorter intervals between BMD testing may be indicated in the 
presence of factors associated with rapid change in BMD.a 

Low 89 Strong

62.	 Follow-up BMD testing should be undertaken with clearly  
defined objectives and when the results are likely to influence 
patient management.

Low 94 Strong

63.	 In untreated patients, follow-up BMD testing should be performed 
according to their underlying fracture risk. Those at low risk may 
have repeat BMD testing at longer intervals while those at  
moderate-high risk may have a repeat BMD testing at closer 
intervals if this is undertaken with clear objectives and  
likely to change their clinical management. 

Low 94 Strong

64.	 It is not possible to quantitatively compare BMD or to calculate a 
LSC between facilities without cross-calibration.

Moderate 89 Strong

65.	 Patients should ideally return to the same DXA device that was 
used to perform their most recent prior study, provided that the 
facility in vivo precision and LSC values are known and do not 
exceed established maximum values.

Moderate 89 Strong

66.	 BMDs done on DXA machines of different manufacturers should 
not be compared directly and even different models from the  
same manufacturer may have varying precision and accuracy.  
If different DXA devices of the same brand are used in follow-up 
testing, the in vivo precision and least-significant-change  
values should be known and should not exceed established  
maximum values. 

Moderate 89 Strong

AFF: atypical femoral fracture; BMD: bone mineral density; DXA: dual-energy X-ray absorptiometry; FRAX: Fracture Risk Assessment Tool;  
LSC: least significant change; ONJ: osteonecrosis of the jaw
a Shorter intervals between BMD testing may be indicated in the presence of factors associated with rapid change in BMD. Examples include the use 
of certain medications such as glucocorticoids, aromatase inhibitors, androgen deprivation therapy, and osteoanabolic therapies; medical disorders 
such as malabsorption and severe systemic inflammatory diseases; and other conditions such as prolonged immobilisation, bariatric surgery, and 
premature ovarian insufficiency (“premature menopause”).
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at very high fracture risk should not be unduly  
delayed. Dental optimisation in non-cancer patients 
can proceed in parallel to avoid harm from deferring 
pharmacotherapy, reflecting recommendations from  
the ACE Clinical Guidance (2025) and the 2022  
American Association of Oral and Maxillofacial  
Surgeons’ (AAOMS) Position Paper on MRONJ.12,60

When invasive dental procedures are required during 
therapy, multidisciplinary planning is essential. For 
bisphosphonates, routine “drug holidays” are not 
supported by current evidence. A 2022 systematic 
review and meta-analysis and a 2025 update both found 
no significant reduction in MRONJ with temporary 
interruption versus continuation, supporting an indivi- 
dualised approach to drug holidays in indivi- 
duals on bisphosphonates undergoing major dental 
procedures.62,63 

Denosumab warrants particular care because of  
the risk of rebound bone turnover and multiple  
vertebral fractures with delayed doses. Guidance 
recommends scheduling elective procedures 6–8 
weeks before the next 6-monthly denosumab injection. 
Treatment should then be resumed once mucosal  
healing is established. Denosumab administration  

should not be delayed beyond 6–8 months from the 
last dose.46,64

If MRONJ occurs, management should be indivi-
dualised and stage-based, and the choice of surgical 
and conservative management, as well as the risk- 
benefit of temporarily ceasing osteoporosis therapy, 
should be discussed with the patient after consulting  
with his/her primary physician. Early disease often 
responds to conservative care (analgesics, antimic- 
robial rinses, short courses of antibiotics), whereas 
advanced lesions may require surgical intervention. 
The AAOMS 2022 update and regional statements 
endorse this tiered approach, and emphasise that  
any suspension of antiresorptives must weigh the rare  
but serious risk of MRONJ against the substantially 
higher risk of osteoporotic fractures with treatment 
interruption.60,64

Taken together, the consensus underscores inte-
grated care, including proactive dental optimisation 
before or alongside osteoporosis treatment; careful 
peri-operative timing to avoid extended treatment  
gaps; and stage-appropriate management when  
lesions arise. This approach aligns practice in  
Singapore with current evidence while prioritising 

Table 11. Statements 67–73.

Statement Quality of  
evidence

Level of consensus
(% agree)

Strength of 
recommendation

67	 MRONJ is a rare complication of osteoporosis therapy in  
patients without preexisting dental conditions/disease  
(endodontic lesions/periodontal lesions).

Low 89 Strong

Prior to osteoporosis therapy

68.	 Patients should be educated on the importance of regimented 
dental care prior to commencement of osteoporosis therapy.

Low 94 Strong

69.	 Consider the patients’ risk factorsb for MRONJ prior to starting 
osteoporosis therapy.

Very low 89 GPS

70.	 In patients considered at high risk of MRONJ, consider referral  
for dental assessment for optimisation of dental health.

Low 94 Strong

71.	 Patients at imminent fracture risk or very high fracture risk  
should consider initiation of osteoporosis therapy with  
concurrent optimisation of dental healtha to prevent further  
delay in fracture risk reduction.

Low 100 Strong

72.	 Discuss with each patient the risks and benefits of delaying  
initiation of anti-osteoporosis therapy while awaiting dental 
assessment.

Very low 94 GPS

73.	 For patients at high riskb of MRONJ, there should be consultation 
between the prescribing physician and the dentist regarding  
the plan of osteoporosis treatment. 

Very low 89 GPS

GPS: good practice statement; MRONJ: medication-related osteonecrosis of the jaw
a Extraction of teeth with poor prognosis, resolution of periodontal and endodontic lesions. 
b Systemic comorbidities that affect overall healing; active oral infections, such as but not limited to periodontal or endodontic disease; presence  
of poor-fitting dental prosthesis; smoking, use of glucocorticoid or chemotherapy, etc.



2025 Singapore consensus on osteoporosis—Linsey Gani et al.

Ann Acad Med Singap Vol 55 No 5 May 2026 | annals.edu.sg 265

fracture prevention, which carries a far greater burden 
than MRONJ in osteoporosis populations. 

Limitations 
While this 2025 expert consensus provides a 
comprehensive framework for managing osteoporosis 
in Singapore, it also has limitations. Due to the limited 
availability of clinical trials in Singapore regarding 
pharmacological approaches and fracture prevention 
related to osteoporosis, most consensus statements 
are based on current international evidence and studies 
conducted predominantly in white postmenopausal 
female populations. Likewise, the efficacy and safety 
of therapeutic interventions within the Singapore 
population may vary, despite strong international 
clinical evidence, due to variations in genetic profiles, 
diet, lifestyle patterns, and the presence and severity 
of comorbidities. 

Moreover, not all statements have reached con- 
sensus, such as FRAX-based intervention thresholds; 
hence, recommendations are augmented by clinical 
expert opinion and judgment rather than unanimous 
consensus, emphasising the importance of further 

validation studies within Singapore. These consensus 
statements were also developed with consideration 
of evidence-based best treatment practices globally; 
their implementation in the Singapore population 
may be limited by resource availability and healthcare 
reimbursement practices. Further studies and evidence 
are required to fully assess the cost-effectiveness of 
these recommended statements to ascertain their 
clinical application in the Singapore population.  
As evidence continues to evolve in the field of osteo-
porosis management, these statements will require 
updates in due time and may not always be applicable 
as new trials and evidence emerge. 

CONCLUSION 
The consensus statements presented in this paper aim 
to guide clinicians using the most up-to-date evidence 
and collective expert opinion and to assist Singapore 
clinicians in implementing best practices. This reflects  
a maturing landscape in osteoporosis care, moving  
from reactive fracture prevention toward proactive 
disease modification and long-term bone health 
preservation. Effective implementation requires not  

Table 12. Statements 74–80.

Statement Quality of 
evidence

Level of consensus
(% agree)

Strength of 
recommendation

Patients undergoing osteoporosis therapy and require extensive/invasive dentoalveolar surgery

74.	 For patients at high riska of MRONJ on antiresorptive therapy,  
the primary physician should be consulted regarding the risk-
benefit of temporary treatment interruption (drug holiday). 

Low 89 Strong

75.	 Patients at high risk of MRONJa should have appropriate  
dental peri-operative measures (such as optimising oral hygiene, 
use of antibiotics, post-op review at 2/4/8 weeks).

Low 89 Strong

76.	 In patients on bisphosphonates, a temporary interruption of 
therapy may be permitted if the prescribing physician  
determines the risk is low, to allow full mucosa/bony healing  
prior to resumption of the drug.

Low 100 Weak

77.	 Elective dental procedure should be performed 6–8 weeks  
before the next 6-monthly denosumab injection.

Very low 94 Strong

78.	 In patients on denosumab who are scheduled for invasive dental 
procedures, the delay in the next dose of denosumab should not 
exceed 6 to 8 months from the last dose.

High 86 Strong

79.	 Specialist advice is suggested for challenging cases of high-risk 
patients on denosumab treatment.

Very low 94 GPS

For patients who develop MRONJ while undergoing osteoporosis therapy

80.	 The choice of surgical and conservative management 
(antimicrobials/analgesics) and the risk-benefit of temporary 
cessation of osteoporosis therapy should be discussed with  
the patient after consulting with his/her primary physician.

Very low 94 GPS

GPS: good practice statement; MRONJ: medication-related osteonecrosis of the jaw
a Longer duration of antiresorptive therapy, bisphosphonates more than 5 years, or any duration of bisphosphonates with comorbidities that affect 
overall healing; previous history of MRONJ; mandible>maxilla.
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just clinician awareness but also health system-level 
efforts, such as improving access to DXA scanning, 
embedding osteoporosis screening within primary care 
workflows, and integrating fracture services in hospitals, 
all of which are critical for translating consensus into 
practice. Cost-effectiveness, patient adherence, and 
equitable access across socioeconomic strata remain 
challenges that must be addressed in parallel. Public 
health messaging and patient education on bone 
health, nutrition, fall prevention, and medication safety 
will also be essential to ensure long-term impact. 
Further work is also needed to validate intervention 
thresholds and to clarify long-term sequencing of  
anabolic and antiresorptive agents. Finally, these 
recommended consensus statements do not intend 
to replace current guidelines, but rather to augment 
clinical decision-making and develop an individualised, 
patient-centred management approach according to 
the patient’s demographics, clinical characteristics,  
and preferences.

Supplementary Fig. S1. OSTA for risk assessment in 
postmenopausal women.
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ABSTRACT 
Chronic kidney disease (CKD) is a rising global public  
health emergency. Singapore faces one of the world’s 
highest CKD prevalence rates at 15.6%, projected to  
reach 25% by 2035. This is driven by an ageing popula-
tion and increasing rates of diabetes, hypertension, and  
obesity. The UK faces similar pressures, with CKD  
affecting over 10% of its population and costing the  
National Health Service an estimated GBP7 billion annually.
To address this, the Discover-NOW programme in 
North West London developed a transformative project, 
bringing together partners across both primary and 
secondary care. This project aims to identify barriers  
that prevent optimal management for those at risk of 
or already living with CKD, and to co-develop solutions  
to overcome them.
Priorities identified were to improve the identification  
and screening of patients with CKD, support accurate 
coding and documentation of CKD in primary care,  
enhance patient understanding and self-management of 
kidney disease, and promote treatment optimisation of 
CKD patients within primary care. Key innovations included 
electronic searches to identify undiagnosed, uncoded,  
and unoptimised CKD; integration of automated  
diagnostic guidance into laboratory results; creation of 
educational materials; and embedding decision-support 
templates aligned with the latest evidence-based  
guidelines into electronic medical records.
This initiative provides transferable insights into how 
healthcare systems across the world can integrate early  
CKD detection, system-wide data integration, and 
population-level prevention strategies to strengthen  
the capacity of primary care in the management of early 
CKD, eventually shifting from a reactive dialysis-centric 
model towards proactive kidney preservation.

Keywords: CKD screening, early detection of CKD,  
family medicine, nephrology, optimisation of therapy in CKD

of 9.1%, and is projected to rise to a staggering 
25% by 2035.1 This is driven by Singapore’s 
ageing population and the high prevalence rate of  
risk factors, such as diabetes, obesity, and hyperten-
sion. As CKD progresses, patients will require kidney 
replacement therapy in the form of dialysis or kidney 
transplant. Based on data from the Singapore Renal 
Registry, 6 new patients are diagnosed with end-stage 
kidney disease (ESKD) daily.2 This amounts to 2249  
new dialysis patients per year, representing an  
increase in incidence of kidney failure of 56% between 
2011 and 2021. This places tremendous pressure on 
healthcare resources, imposes greater demands for 
new dialysis centres, and impacts enormously on the 
quality of life of the affected individuals. 

However, this epidemic is not a problem unique  
to Singapore. In the UK, there are approximately 7.2 
million people living with CKD equivalent to more  
than 10% of the entire population. The total annual 
economic burden of kidney disease in the UK is  
GBP7 billion, half of which is contributed to by the  
cost of ESKD treatment alone. This figure also  
accounts for the additional GBP372 million in produc- 
tivity loss for people living with ESKD and those  
who support them, in addition to GBP225 million in 
transport costs for patients receiving dialysis.3 

Preserving, instead of replacing kidney function  
Traditionally, both in Singapore and in the UK, the 
approach to CKD management has been secondary 
care-based, with interventions often only being 
implemented when significant damage has already 
occurred. This trend is also evident in many other 
long-term conditions where management is often 
reactive rather than proactive. Patients with kidney 
disease are often reviewed in secondary care when 
CKD is advanced, if CKD is rapidly progressing, 
and when immune-mediated glomerulonephritis or  
genetic cause of CKD is suspected.4 While such 
thresholds are intended to ensure efficient use of 
specialist resources, they may inadvertently shift the 
emphasis away from earlier identification and proactive 
risk stratification.5  

INTRODUCTION
Chronic kidney disease (CKD) is a global public 
health emergency, resulting in significant health 
and economic burden. In Singapore, the prevalence 
of CKD is 15.6%, above the global prevalence 
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management for those at risk of or already living with 
CKD, and to co-develop and test solutions. The project 
was funded by the National Health Service National 
Prioritisation Programme and ran between April 2021 
and April 2023. This partnership also included people 
with lived experience of CKD and experts in patient 
and public involvement and engagement, and in health 
inequalities and public health from the NWL Applied 
Research Collaboration. The project management was  
supported by Imperial College Healthcare Partners 
(ICHP) and included support from AstraZeneca via  
their non-promotional partnership with ICHP.

The project had 4 phases: discovery, co-design,  
testing, and implementation, as shown in Table 
1. The following section describes the identified  
solutions in more detail. 

Patient identification 
One of the issues highlighted was that primary care 
clinicians have difficulties identifying patients at risk or 
with CKD who have been missed and require review. 
Electronic automated searches were developed in 
EMIS and SystmOne, the 2 electronic primary care 
electronic medical record (EMR) systems utilised 
across NWL that identify patients who require review 
and categorised them into 4 cohorts: (1) patients with 
test results indicating CKD who might need further 
tests and/or coding; (2) patients who fall within NICE 
recommendations for CKD screening who have not 
been screened; (3) patients on the CKD register who 
have not been reviewed; and (4) those with coded 
CKD whose care has not been optimised. Primary 

Consequently, individuals with early kidney disease,  
such as those with preserved estimated glomerular 
filtration rate (eGFR) but with persistent albuminuria,  
are frequently overlooked.5 This results in missed 
opportunities for early therapeutic intervention, 
including optimised blood pressure control, glycaemic 
management, renin-angiotensin-aldosterone system 
(RAAS) blockade, and use of sodium-glucose 
cotransporter-2 inhibitors (SGLT-2i), all of which have 
been shown to slow CKD progression. Albuminuria  
has long been recognised as an independent risk  
factor for cardiovascular disease (CVD) and all-cause 
mortality.6 Therefore, the prevailing secondary-care-
centred model contributes not only to sub-optimal 
patient outcomes but also to increased healthcare  
costs associated with the management of CVD and 
ESKD. To change this trajectory, there is a pressing  
need to shift from replacing to preserving kidney  
function. Strengthening the capacity of primary care  
to identify and optimally manage CKD early is critical  
to slowing disease progression and improving popu-
lation health outcomes. 

The North West London Discover-NOW experience 
North West London (NWL) has one of the highest 
incidence of ESKD in the UK.7 CKD poses significant 
challenges in NWL due to high levels of social deprivation, 
ethnically diverse populations, and variations in 
clinical practice. To address these challenges, this 
transformational project brought together partners 
across both primary and secondary care, working 
collectively to identify barriers that prevent optimal 

Table 1. Phases of the Discover-NOW project. 

Phase Description

Discovery Semi-structured interviews were conducted with individuals at risk of developing chronic kidney disease (CKD),  
patients with CKD, general practitioners, nephrologists, pharmacists, and nurse to:
•	 map the current CKD pathways
•	 identify challenges preventing early-stage CKD management
•	 prioritise which challenges to solve

Co-design Workshops were held to co-create solutions with patients and clinicians to solve the prioritised challenges  
from the discovery phase. Four key ideas were identified for further development into solutions:
•	 A CKD diagnosis pathway with an education programme for patients
•	 Enhancing primary care test results with CKD clinical advice and management guidelines
•	 A risk stratification search and contact process that enables primary care to identify high-risk CKD patients
•	 An improved annual review pathway for type 2 diabetes and hypertension patients to encourage identification  

and management of CKD

Subsequently, effective solutions were developed to:
•	 Improve the identification and screening of patients with CKD
•	 Support accurate coding and documentation of CKD in primary care
•	 Enhance patient understanding and self-management of CKD
•	 Promote optimisation of treatment of CKD patients within primary care settings

Testing Four patient workshops and weekly developmental sessions were organised with the clinical group to test and  
iterate the solutions developed.

Implementation Solutions were rolled out to primary care.



Transforming CKD care in North West London—Xi Yan Ooi et al.

Ann Acad Med Singap Vol 55 No 5 May 2026 | annals.edu.sg 271

care clinicians can then use a visualisation dashboard 
to track their progress against targets and prioritise 
patients for intervention (Fig. 1).

Screening
A significant challenge in the early detection of CKD 
is the  silent nature, especially in its early stages. 
Although urine albumin-creatinine ratio (uACR) is a 
key indicator of early kidney damage, it is often not 
completed in practice, even when ordered, in contrast 
to serum creatinine. Insights from interviews revealed 
that patients were unaware of the links between 
diabetes, hypertension, and CKD; unclear about the 
purpose of uACR test; and their urine samples were 
not collected if they were not the first sample of the 
day. To address this, a leaflet explaining the purpose 
and importance of a uACR test in layman’s terms was 
created. A video was made to support primary care 
practice staff to standardise the urine sample collection 

process. The video emphasises a few points, namely, 
patients with hypertension require screening, not  
just those with diabetes; urine samples should be 
collected opportunistically from patients even if they 
are not first of the day; and how to select tests in EMR. 

Coding and diagnosis 
Many individuals at risk or with CKD are not identified, 
and their conditions are not consistently coded in 
primary care systems. Patients coded for CKD are 
associated with lower risk of acute kidney injury, 
unscheduled care, cardiovascular admissions, and 
death compared with those with uncoded CKD. 
These benefits stem from the downstream effects of 
clinical coding, such as automated prescribing alerts 
to avoid nephrotoxic medications, pharmacological 
recommendations according to albuminuria, moni- 
toring frequency according to CKD stages, and 
vaccination reminders.8 Therefore, the team deve- 

Fig. 1. CKD dashboard for primary care physicians to track their progress against targets and prioritise patients for intervention. 

ACR: albumin-creatinine ratio; BP: blood pressure; CKD: chronic kidney disease; CVD: cardiovascular disease; DM: diabetes mellitus;  
eGFR: estimated glomerular filtration rate; RAA: renin-angiotensin-aldosterone inhibitor; SGLT: sodium-glucose cotransporter 2 inhibitor;  
T2DM: type 2 diabetes mellitus; uACR: urine albumin-creatinine ratio
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loped automated coding guidance from pathology 
laboratories to be sent with eGFR and uACR results  
to primary care (Table 2). In addition, practices will  
see a status alert for patients who have had 2 eGFRs 
<60 ml/min/1.73 m2 within 3 months and have not  
been coded for CKD or have an incorrect code.

Non-pharmacological treatment, including popula- 
tion health interventions and behaviour nudges to  
improve outcomes, remain a largely untapped oppor- 
tunity in managing CKD. Patients who have been 
coded were signposted to different resources for 

kidney education, namely, “Know Your Kidneys” 
virtual education session; YouTube videos on 
“Understanding CKD” in the commonest local  
languages such as English, Gujerati, and Polish; Kidney 
Care UK website; and access to peer support via  
National Kidney Federation helpline. These resources 
were available directly from the EMRs.

Optimisation
In the last decade, several new therapies have  
been added to the armamentarium to retard CKD 

Table 2. Examples of automated coding guidance, provided alongside results.  

Result  Comment

eGFR of 45–59 ml/min/1.73 m2  If not acute kidney injury, consider coding for CKD stage G3a (requires 2 eGFRs taken 3 months 
apart and uACR). Consider appropriate CKD management, including RAASi, 
SGLT-2i, BP control, and review CVD risk factors.

uACR of 3–70 mg/mmol  If new, repeat morning sample uACR within 2 weeks. Consider coding for CKD and appropriate 
CKD management, including RAASi, SGLT-2i, BP control, and review CVD risk factors.

BP: blood pressure; CKD: chronic kidney disease; CVD: cardiovascular disease; eGFR: estimated glomerular filtration rate;  
RAASi: renin-angiotensinogen-aldosterone system inhibitor; SGLT-2i: sodium-glucose cotransporter-2 inhibitor; uACR: urine albumin- 
creatinine ratio

Fig. 2. EMIS CKD review and management template.

ACEi: angiotensin-converting enzyme inhibitor;  ACR: albumin-creatinine ratio; ARB: angiotensin II receptor blocker; BP: blood pressure;  
CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; SGLT2i: sodium-glucose cotransporter-2 inhibitors; T2DM: type 2  
diabetes mellitus; uACR: urine albumin-creatinine ratio
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progression beyond RAAS inhibitors, including  
SGLT-2i and non-steroidal mineralocorticoid receptor 
antagonist finerenone. However, these evidenced-
based therapies are not well integrated into care 
protocols or individual care plans, resulting in large 
gaps between guideline-recommended treatment 
and actual clinical practice. The Discover-NOW 
project developed integrated template proformas 
within the EMRs to support primary care clinicians to 
manage and optimise CKD patients according to the 
latest guidelines. Some features include coding table 
to confirm CKD staging and simplified optimisation 
guidelines to ensure patient has been recommended 
the latest therapy (Fig. 2). One of the optimisation 
guides was adopted from the London Kidney  
Network, an optimisation pathway for adults with CKD 
called “3 in 3”—3 key actions within 3 months to save 
lives.9 It provides guidance to initiate statin and RAAS 
blockade in the first month, SGLT-2i in the second  
month and thereafter initiate further BP lowering 
agents in the third month to achieve prespecified 
individualised BP targets.  

Relevance to Singapore healthcare system 
Internationally, there are other early CKD care models 
including Taiwan’s pay-for-performance programme, 
which incentivise longitudinal disease tracking, multi-
disciplinary care, and patient education.10 North 
East London has pharmacists with specialist training  
support primary care pharmacists in medicine 
optimisation.11 In Singapore, the HALT-CKD (Holistic 
Approach to Lowering and Tracking Chronic Kidney 
Disease) programme, which systematically recruits and 
tracks patients with risk factor control at the primary 
care level, is excellent as it focuses on registry-based 
monitoring once CKD has been identified.12  However,  
to achieve a significant shift from treatment to 
prevention in Singapore, it is vital to focus attention 
upstream in the disease pathway and to utilise EMRs 
to identify undiagnosed, uncoded, and unoptimised 
CKD. 

The Discover-Now initiative addresses this gap 
through system-level redesign, rather than isolated 
clinical interventions, to improve early identification 
and management of CKD at a population level. Primary  
and secondary care worked with input from those  
with lived experience, to consider what issues impede 
good practice in relation to CKD and how these impe-
diments can be overcome. Integrating automated  
coding guidance into laboratory results and embed- 
ding decision-support templates aligned with latest 
evidence-based guidelines into EMRs help to reduce 
variation in practice and narrow the knowledge-
implementation gap. 

CONCLUSION
Discover-Now’s success was dependant on the 
systematic approach taken, strong primary-secondary 
care collaboration, sustained clinical engagement,  
and interoperable laboratory data. These factors may 
not be uniformly present across different healthcare 
systems. While the project demonstrated strong 
system-level engagement, translation into meaningful 
patient outcomes depends on sustained adherence 
and a high-quality therapeutic patient-clinician rela- 
tionship. Nevertheless, this initiative provides transfe-
rable insights into how healthcare systems across the 
world can integrate early CKD detection, system-wide 
data integration, and population-level prevention 
strategies to shift from reactive dialysis-centric model 
towards proactive kidney preservation. In Singapore, 
leveraging the highly digitalised National Electronic 
Healthcare Records alongside the new Healthier SG 
CKD care protocol, which aims to shift the city-state 
away from hospital-centric care to a more population-
centred preventive model, presents a timely and 
strategic opportunity to strengthen primary care’s role 
in mitigating the growing burden of kidney disease.13
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Dear Editor,
Primary sinonasal diffuse large B-cell lymphoma (SN-
DLBCL) is a rare extranodal (EN) lymphoma subtype. A 
nationwide retrospective cohort study from Denmark 
reported an incidence of 0.14 per 100,000 person-
years, with 5-year overall survival (OS) and progression-
free survival (PFS) rates of 56% and 50%, respectively.1 
However, robust nationwide, population-based 
incidence data for SN-DLBCL outside Denmark remain 
scarce. In Asian populations, sinonasal lymphomas  
are more commonly represented by extranodal natural 
killer/T-cell (EN NK/T-cell) lymphoma, and data specific 
to SN-DLBCL are limited.2 Consequently, the clinical 
behaviour, molecular characteristics and risk of central 
nervous system (CNS) involvement in SN-DLBCL are 
not well-defined, particularly in Asian cohorts. This 
study reports a single-centre retrospective case series 
of SN-DLBCL in an Asian population. 

In this retrospective study, 8 patients with primary  
SN-DLBCL were identified, all of whom were 
pathologically confirmed by biopsy. The baseline 
characteristics, treatment regimen and outcome of  
these patients are summarised in Table 1. 

The median age at diagnosis was 61.5 years 
(range, 56–74), and 5 patients were male. The clinical 
presentation was characterised by a high prevalence  
of nasal obstruction (62.5%), periorbital swelling with 
pain (50%) and diplopia (50%), collectively highligh- 
ting the locally aggressive nature of SN-DLBCL. In 
this cohort of 8 patients, next-generation sequencing 
(NGS) was performed in 7 patients, except 1 patient 
pathologically diagnosed at an outside hospital before 
referral. Genetic analysis demonstrated that all 7  
patients were classified as the MYD88/CD79B-mutated 
(MCD) (85.7%, 6/7)/MCD-like (14.3%, 1/7) subtype 
DLBCL. In this study, MCD referred to cases with  
co-occurring MYD88 and CD79B mutations, whereas 
MCD-like referred to cases harboring MYD88  
mutation without CD79B mutation. The most common 
additional mutations were in PIM1 (71.4%, 5/7) and 
KMT2D (42.9%, 3/7). Alterations in KMT2C, EP300, 

NOTCH1 and MPEG1 were each found in 28.6% of 
the cohort (2/7). This predominant molecular feature 
is consistent with previous studies3 and bears a strong 
resemblance to the profile of primary CNS DLBCL.  
CNS involvement is an uncommon complication, 
occurring in approximately 2–10% of patients with  
DLBCL, and carries a very poor prognosis.4 The 
CNS-International Prognostic Index (CNS-IPI) is the 
most commonly used tool for estimating risk of CNS 
recurrence, and CNS prophylaxis is recommended 
for high-risk patients.5 In the rituximab era, several 
additional high-risk features not captured by the  
CNS-IPI have been recognised, including dual expres- 
sion of myelocytomatosis oncogene/B-cell lymphoma 
2; the activated B-cell-like molecular subtype; certain 
EN sites involvement (testicular, uterine, breast); and 
intravascular large B-cell lymphoma.6 Furthermore, 
involvement of anatomical sites in the head and neck 
region (e.g. paranasal sinuses, hard palate) and areas  
close to the CNS (epidural space, dura, paravertebral 
region and orbit) has also been reported to confer 
an increased risk.7 A few studies have reported the 
association between SN-DLBCL and an increased 
risk of CNS involvement. Murawski et al.8 analysed 
11 consecutive trials from the German High-Grade 
Non-Hodgkin Lymphoma Study Group. Ninety-three 
SN-DLBCL patients were identified out of 4155 
patients (2.24%), and further analysis revealed that only  
paranasal sinus involvement was associated with a  
relative high risk of CNS relapse (2-year incidence  
6.4%). Eriksen et al. analysed 116 SN-DLBCL patients 
registered in the Danish National Pathology Registry 
between 1980 and 2018. Among these patients, 30  
of 116 (25.9%) developed recurrence and localised  
spread/progression, with 9 had CNS involvement.9 
In this cohort, 2 of 8 patients (25%) presented with 
CNS involvement at diagnosis and 1 patient suffered 
from first CNS disease after complete remission 
(CR). At diagnosis, Cases 2 and 3 presented with 
CNS involvement, and successfully achieved CR 
induced by rituximab-cyclophosphamide, doxorubicin 

LETTER TO THE EDITOR https://doi.org/10.47102/annals-acadmedsg.2025407 
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hydrochloride, vincristine sulphate and prednisolone-
like immunochemotherapy combined with high-dose 
methotrexate (HD-MTX). Case 2 declined subsequent 
consolidation therapy with autologous hematopoietic 
stem cell transplantation (auto-HSCT) and maintenance 
therapy with Bruton’s tyrosine kinase (BTK) inhibitors, 
experienced isolated CNS relapse 6.4 months after 
completion of induction chemotherapy, and died 7 
months after relapse. In contrast, Case 3 received  
BTK inhibitor therapy throughout the induction, 
consolidation and maintenance phases, which may 
have contributed to sustained remission and prolonged 
survival. Of the remaining 6 patients without CNS 
involvement at diagnosis, all have either completed  
or are currently scheduled to receive 2 cycles of 
HD-MTX as CNS prophylaxis. Long-term outcomes 
differed by treatment. Case 1 managed without auto-
HSCT consolidation or BTK inhibitor maintenance, 
achieved initial CR but developed an isolated fatal  
CNS relapse 15.77 months after completion of  
induction chemotherapy. In contrast, Cases 4 and 5,  
who received auto-HSCT and/or BTK inhibitor  
therapy, have maintained sustained CR. With a median 
follow-up of 19.07 months (range, 4.33–25.80) for 
the entire cohort, the median CNS involvement-free 
survival was 20.37 months (95% confidence interval 
0.00–49.75). Neither median PFS nor OS had been 
reached (Supplementary Fig. S1).

Findings show that SN-DLBCL patients predomi- 
nantly exhibited an MCD/MCD-like molecular subtype 
and demonstrated a high frequency of CNS involve-
ment. This propensity may be attributed to both 
the anatomical proximity of the sinonasal region to  
the CNS and the intrinsically aggressive molecular 
features. Therefore, the NGS testing appears essential 
for risk stratification. In resource-limited settings, a 
cost-effective alternative, such as digital polymerase 
chain reaction to detect key mutations (e.g. MYD88  
and CD79B), should be considered to identify patients 
with the MCD molecular profile. These clinical 
observations further suggest that a prophylactic  
strategy consisting only 2 cycles of HD-MTX may 
be insufficient for patients with the MCD/MCD-like  
subtype of SN-DLBCL. Therefore, the authors 
recommend that CNS prophylaxis with HD-MTX be 
combined with auto-HSCT consolidation and/or BTK 
inhibitors maintenance, which has shown promising  
CNS penetrance and efficacy in genetically MCD  
subtype. However, these observations are tempered  
by limitations, including the single-centre, retrospective 
design, small sample size, limited follow-up duration 
and variations in treatment regimens, which may affect 
statistical power, the assessment of long-term relapse 
risk, and the generalisability of the findings, under- 

scoring the need for further studies to validate these 
results and develop evidence-based management 
strategies.

Supplementary material
Fig. S1. Kaplan–Meier curves of the 8 primary SN-DLBCL 
patients for CNS involvement-free survival, progression-
free survival and overall survival.

Ethics statement 
This study was approved by the Institutional Ethics 
Committee of Xuanwu Hospital, Capital Medical 
University, Beijing, China (2025-010-002).

Declaration
The authors declare that they have no affiliations with 
or involvement in any organisation or entity with any 
financial interest in the subject matter or materials 
discussed in this manuscript. This work was supported 
by the National Natural Science Foundation of China 
(82300161); Beijing High Innovation Program · Spring 
Bud Project (2-1-008-0262); Xuanwu Hospital Talent 
Convergence Program (HZ2025ZCYX003); Beijing 
Future Talent Training Program in Medical-Engineering 
Field (MBRC0012025063); Beijing High-level Overseas 
Returnee Talent Funding Project (2-2-008-0243);  
Capital Medical University Science and Innovation Elite 
Plan Project (2024KCJY0405); the National Natural 
Science Foundation of Youth Cultivation Project of 
Xuanwu Hospital, Capital Medical University, Beijing, 
China (QNPY2022014); and the Person of Outstanding 
Ability Training Program of Xuanwu Hospital, Capital 
Medical University, Beijing, China (YC20220127). 

Keywords: CNS prophylaxis, CNS risk, molecular  
feature, primary sinonasal diffuse large B-cell  
lymphoma, survival

REFERENCES
1.	 Prg E, Eriksen PRG, Clasen-Linde E, et al. Sinonasal B-cell  

lymphomas: A nationwide cohort study, with an emphasis on the 
prognosis and the recurrence pattern of primary diffuse large  
B-cell lymphoma. Hematol Oncol 2022;40:160-71. 

2.	 Kanumuri VV, Khan MN, Vazquez A, et al. Diffuse large B-cell 
lymphoma of the sinonasal tract: analysis of survival in 852 cases. 
Am J Otolaryngol 2014;35:154-8. 

3.	 Peng F, Igawa T, Urata T, et al. High Prevalence of MYD88 and 
CD79B Mutations in Primary Sinonasal Diffuse Large B-Cell 
Lymphoma:Identification of an MCD-like Subtype. Am J Surg Pathol 
2025;49:159-68. 

4.	 Lin Z, Chen X, Liu L, et al. The role of central nervous system  
(CNS) prophylaxis in preventing DLBCL patients from CNS  
relapse: A network meta-analysis. Crit Rev Oncol Hematol 
2022;176:103756. 

5.	 Schmitz N, Zeynalova S, Nickelsen M, et al. CNS International 
Prognostic Index: A Risk Model for CNS Relapse in Patients With 



High CNS risk of primary sinonasal DLBCL—Shuai Tan et al.

Ann Acad Med Singap Vol 55 No 5 May 2026 | annals.edu.sg 279

Diffuse Large B-Cell Lymphoma Treated With R-CHOP. J Clin  
Oncol 2016;34:3150-6. 

6.	 Chua BJG, Low CE, Yau CE, et al. Recent updates on central  
nervous system prophylaxis in patients with high-risk diffuse large 
B-cell lymphoma. Exp Hematol Oncol 2024;13:1. 

7.	 Zahid MF, Khan N, Hashmi SK, et al. Central nervous system prophylaxis 
in diffuse large B-cell lymphoma. Eur J Haematol 2016;97:108-20. 

8.	 Murawski N, Held G, Ziepert M, et al. The role of radiotherapy  
and intrathecal CNS prophylaxis in extralymphatic craniofacial 
aggressive B-cell lymphomas. Blood 2014;124:720-8. 

9.	 Eriksen PRG, Clasen-Linde E, de Nully Brown PD, et al. Sinonasal 
B-cell lymphomas: A nationwide cohort study, with an emphasis  
on the prognosis and the recurrence pattern of primary diffuse  
large B-cell lymphoma. Hematol Oncol 2022;40:160-71.



Nurses, therapists with wrist injuries—Yi-Fu Jeff Hwang et al.

Ann Acad Med Singap Vol 55 No 5 May 2026 | annals.edu.sg 280

Prevalence of wrist injuries and return-to-work barriers among nurses and 
therapists in Singapore
Yi-Fu Jeff Hwang1 FAMS, Nur Syafilla Iqma Binte Samat2 BN, Asannachiyaar D/O Chinnathamby2 BSN,  
Kin Sing Say3 BOT, Jeremiah Chng1 FAMS

The Annals is an open access journal, allowing non-commercial use under CC BY-NC-SA 4.0.
1 Preventive Health and Occupational Medicine, Woodlands Hospital, Singapore
2 Ambulatory Care (Specialist Outpatient Clinic), Woodlands Hospital, Singapore 
3 Occupational Therapy, Woodlands Hospital, Singapore
Correspondence: Dr Yi-Fu Jeff Hwang, Preventive Health and Occupational Medicine, Woodlands Hospital, 17 Woodlands Drive 17 Singapore 737628. 
Email: jeff.hwang@nhghealth.com.sg
Accepted: 9 March 2026
Published Online First: 24 March 2026

Dear Editor, 
Musculoskeletal disorders, such as wrist injuries, 
represent a substantial occupational health concern 
for healthcare workers who perform patient handling  
tasks, as these activities often involve repetitive 
movements, awkward postures and heavy lifting that 
increase the risk of these conditions. Overseas studies 
showed that an estimated 55–91% of physical thera- 
pists experienced work-related musculoskeletal 
disorders during their careers, most often at lower 
back, neck, upper back and shoulders,1 while an 
estimated 26% of nurses had upper extremity pain 
over a 12-month period.2 In Singapore, musculoskeletal 
disorders represent the most reported occupational 
disease with healthcare as the second most affected 
industry,3 while a Singapore study found that hand injuries 
accounted for over one-third of workplace injury claims.4 

Beyond physical discomfort, patients with wrist  
injuries faced various biopsychosocial challenges in 
their journey of returning to work.5 These challenges 
are especially relevant in healthcare in view of the high 
physical work demands, potential organisation barriers 
such as inadequate workplace accommodations and 
limitations in the use of wrist protective devices from 
infection control policies, and the inherent nature of 
nursing and therapy care where work modifications are 
difficult to implement. 

To better understand the burden of wrist injuries among 
healthcare workers, the authors conducted a cross-
sectional, anonymous, self-administered online survey 
in Woodlands Hospital, Singapore to assess prevalence 
and risk factors of wrist injuries among nurses and  
therapy staff, as well as associated concerns and 
barriers to return to work. Nurses, healthcare assistants, 
physiotherapists, occupational therapists, therapy 
assistants and speech therapists employed during the 
study period in July 2023 were included. The survey, 
administered over the FormSG platform, included 
detailed history of wrist injuries, individual and work- 
place risk factors of wrist injuries, and return-to-work 
concerns and barriers. To improve response rate,  

various publicity channels were leveraged, including 
hospital email broadcast and department communi-
cation channels. Ethics clearance was granted by the 
National Healthcare Group Domain Specific Review 
Board (2023/00151).

A total of 386 healthcare workers participated, 
comprising 68 physiotherapists, occupational thera- 
pists and therapy assistants, and 317 nurses and 
healthcare assistants, with higher response rate among 
therapy staff (72%) than nursing staff (23%). Respon- 
dents were mostly below 40 years old (80%), females  
(80%), Singaporeans or permanent residents (69%),  
worked over 2 years in Woodlands Hospital (65%),  
worked in inpatient settings (54%) and performed  
direct patient care (98%). 

The study found a significant prevalence of self- 
reported wrist injuries, with 107 respondents (28%) 
experiencing such injuries since entering the healthcare 
sector and 75 (19%) reporting injuries after starting  
work at Woodlands Hospital. Among the 107 respon-
dents with prior wrist injuries, the majority (72  
participants, 67%) agreed their wrist injuries were 
attributed to or exacerbated by work, yet only 6 (8%) 
of these respondents submitted internal injury incident 
reports. As under-reporting may hinder timely inter-
vention and provision of necessary workplace support, 
there may be a need to review current mechanisms  
and workplace culture around injury reporting.6

While over 90% of the 107 respondents with wrist 
injuries have returned to full job duties, 37 respondents 
(35%) continued to experience symptoms that impeded 
their work. This is concerning, as persistent symptoms 
could compromise staff well-being and patient  
safety—a sentiment echoed by 51 respondents (48%)  
who believed their injuries could affect patient safety 
(Table 1). These findings are consistent with prior  
studies showing musculoskeletal injuries can have 
long-term functional impacts, increase risk of errors or  
reduce quality of care.7  

The study also identified gaps in return-to-work  
support, with 66 respondents (62%) with wrist injuries 
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finding it challenging to find suitable light duties, 61 
respondents (57%) being uncertain that they could 
suggest to their supervisor ways to modify their work 
to reduce discomfort, and only a small number (12 
participants, 11%) received light duties. Out of the 12 
respondents who were given light duties, 67% agreed 
that they performed work activities that exceeded the 
light duty restrictions given by their doctor. At the same 
time, utilisation of occupational medicine’s return-to- 
work services remained low at 9% among the 107 
respondents with wrist injuries, even though 52% were 
aware of these services. Greater access to and uptake 
of return-to-work programmes could better facilitate 
reintegration of injured staff,8 support sustained  
workforce participation and address patient safety 
concerns. 

Among 56 injured respondents who were given 
wrist protective devices, a significant proportion (84%) 
admitted to non-compliance due to work-related 
factors, with many perceiving these devices hindered 
job performance (70%) and posed infection control 
challenges (88%). These barriers highlight the need  
for a more tailored approach to work accommodations 
to address practical challenges in the use of these 
devices. Collaboration between occupational medicine 
and infection control could be useful to identify  
feasible accommodations and promote adherence 
to protective measures without compromising job 
performance or infection control standards.9

The study identified higher injury prevalence 
among staff from intensive care units (12 out of 27 
respondents, 44%) and emergency department (11  
out of  41 respondents, 27%) even after stratifying 
by work duration. This association may be attributed 
to the physically demanding work nature in these  
settings, particularly frequent patient turning and 
handling, which has been shown to increase ergonomic 
risk.10 Targeted interventions, such as ergonomic  
training and equipment modification, may be useful in 
these departments.

While this study is limited by the low response rate  
and reliance of self-reported data, which raised the 
possibility of non-responder, recall and reporting 
biases, it is likely the first Singapore study to assess 
factors influencing return to work from wrist injuries, 
with actionable results that are applicable in Singapore 
hospitals. This letter raises awareness of work-related 
wrist musculoskeletal disorders and low utilisation of 
occupational health services, which could support 
healthcare professionals with these disorders.  
Addressing identified barriers and risk factors through 
organisational, ergonomic and cultural interventions 

is essential to safeguard staff well-being and maintain 
patient safety.
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Dear Editor,
Salivary gland tumours are rare, with less than 10% 
occurring in the submandibular gland and most  
arising from the parotid gland.1 Fine needle aspiration 
and cytology (FNAC) is commonly performed as part  
of initial workup for a submandibular gland mass. 
However, some patients will have indeterminate  
FNAC, i.e. non-diagnostic, atypia of unknown signifi-
cance (AUS) and salivary gland neoplasm of uncertain 
malignant potential (SUMP) with a risk of malignancy 
(ROM) ranging from 15–35%, as per the Milan  
System for Reporting Salivary Gland Cytopathology 
(MSRSGC),2 which has been validated for subman-
dibular gland tumours in the authors’ previous 
study.3 Intraoperative frozen section (FS) serves as a 
second opportunity to diagnose malignancy and to 
evaluate for nodal spread if suspicious lymph nodes 
are seen intraoperatively. As per the latest National 
Comprehensive Cancer Network (NCCN) guidelines 
for salivary gland cancers,4 elective neck dissection  
can be considered for high-grade and/or T3/T4  
tumours, and therapeutic neck dissection is recom- 
mended for clinically node positive cases. Hence, FS 
can guide the surgeon in deciding whether to proceed 
with neck dissection during index operation. 

However, FS has its limitations including freeze 
artifacts, time constraints, and lack of ancillary studies 
during intraoperative consultation for conclusive 
diagnosis.5 Submandibular gland tumours are also 
morphologically diverse, which can make histopatho-
logic diagnosis challenging.6 Compared to parotid 
tumours, submandibular gland tumours are rarer,  
more often malignant, and have a different histo- 
logical subtype distribution.1 Most published studies  
have focused on parotid tumours, since it is the most 
common salivary gland tumour. Few studies have 
evaluated how FS of submandibular gland tumours 
impacts intraoperative management or its diagnostic 
accuracy. 

We retrospectively reviewed the electronic medical 
records of 49 patients who underwent submandibular 

gland excision with pre-operative FNAC and intrao-
perative FS from May 2008 to December 2023 in  
Tan Tock Seng Hospital, Singapore, with the aim of 
studying (1) the diagnostic accuracy of FS in detecting 
malignancy and (2) its impact on intraoperative 
decision making, i.e. whether to proceed with neck 
dissection. Among the 92 patients, 49 underwent 
submandibular gland excision with pre-operative  
FNAC had intraoperative FS. Decision for FS was  
made by the physician based on their clinical suspicion 
of malignancy, influenced by various factors including 
history, imaging findings and pre-operative FNAC. 
Among those who did not undergo FS (43/92), a large 
proportion (86.0%) had benign disease.

The authors found that FS performs well in detecting 
malignancy in submandibular gland tumours, with  
high sensitivity and specificity (Table 1), which is 
corroborated by other studies with similar findings.7,8 
FS was also found to be particularly valuable in patients 
with indeterminate FNAC pre-operatively. Among the 
32 patients with indeterminate results on FNAC, i.e. 
non-diagnostic, AUS, SUMP, FS was able to definitively 
rule out malignancy in 18 (56.3%) patients and  
diagnose malignancy in 4 (12.5%) patients. If the tumour 
is likely to be T3 and above based on pre-operative 
imaging, FS can help by confirming malignancy and 
enabling clinicians to proceed with neck dissection. 
In this study’s cohort, in 1 malignant case (7.1%) with 
indeterminate FNAC, the confirmation of malignancy  
on FS, combined with pre-operative imaging that 
indicated that the tumour stage would be at least  
T3, supported immediate neck dissection and helped 
avoid revision surgery. 

Lymph nodes were sent for FS in 8 patients, 5 
benign and 3 malignant, when noted to be clinically  
suspicious. We found that by confirming absence of  
nodal disease, FS helped to avoid unnecessary 
therapeutic neck dissection in these malignant cases. 
Four out of 14 malignant tumours were lymphomas 
(28.6%), of which FS showed either lymphoid rich  
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lesion or atypical lymphoid proliferation. While the 
diagnosis of lymphoma is difficult to make on FS as 
immunostaining is required and histopathology is 
considered the gold standard for diagnosis of lymph 
node pathologies,9 the identification of lymphoid  
cells on FS helped the surgeon to decide intraopera-
tively not to proceed with elective neck dissection as  
it is not indicated for either lymphoma or benign  
lymphoid changes. 

In cases where FNAC was classified as MSRSGC 
category IVa, i.e. benign neoplasm, 12/13 (92.3%)  
were benign on FS, 1 (7.7%) was indeterminate, and  
all were benign on final histology. Based on the  
MSRSGC, the ROM for category IVa is <3%. Given 
the low ROM, the added value of FS in these 
patients is limited, since intraoperative FS is unlikely  
to change management. 

Due to difficulties in determining grade of malignancy,  
FS may have limited utility in influencing a clinician’s 
decision to proceed with neck dissection during index 
operation. In this study, FS was not able to diagnose  
the grade of malignancy in all cases. With 39 subtypes  
of salivary gland pathologies described in the fifth  
edition of the World Health Organization Classification, 
salivary gland tumours have a wide range of mor-
phological features and can pose as a diagnostic 
challenge to the pathologist at FS.6 Furthermore, 
immunohistochemistry staining or diagnostic molecular 
pathology tests, such as next-generation sequencing, 
may be required in challenging cases with poorly 
differentiated histomorphology.10 Given the technical 
and time constraints of FS, it is often not possible to 
conclude the grade of malignancy, and clinicians may 
have to await final histology to determine if elective 

neck dissection is necessary, particularly for tumours 
that are T1/T2. 

This study has a few limitations, namely, small sample 
size and retrospective study design precluding the 
standardisation of clinical practice. A larger scale, 
prospective study will be useful in drawing more 
conclusive evidence regarding the utility of FS in 
submandibular gland lesions.

In conclusion, FS demonstrates high diagnostic 
performance for detecting malignancy in subman- 
dibular gland tumours, particularly in patients with 
indeterminate preoperative FNAC. However, in terms  
of influencing intraoperative decision making, the  
utility of FS in T1/T2 tumours is limited by its inability  
to reliability distinguish grade of malignancy intraope-
ratively, and decisions regarding neck dissection should 
therefore await final histopathology. The authors  
propose a targeted approach in which FS should be 
considered for cases with indeterminate preope-rative 
FNAC and high clinical or radiological suspicion of 
advanced, i.e. T3/T4 or metastatic disease, where 
confirmation of malignancy on FS can facilitate decision 
for neck dissection during the index operation. 
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Table 1. Sensitivity and specificity of frozen section (FS) in detecting malignancy when indeterminate FS is excluded or included. 

Excluding indeterminate FS

FS Histology Sensitivity, % Specificity, % 

Benign Malignant 

83.3 100Malignant 0 (FP) 5 (TP) 

Benign 30 (TN) 1 (FN) 

Including indeterminate FS 

FS Histology Sensitivity, % Specificity, % 

Benign Malignant 

92.9 85.7Malignant 5 (FP) 13 (TP) 

Benign 30 (TN) 1 (FN) 

FP: false positive; FN: false negative; FS: frozen section; TP: true positive; TN: true negative
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Dear Editor, 
Liver cirrhosis is a significant cause of morbidity and 
mortality in Singapore. Decompensated liver cirrhosis 
patients have a poor prognosis with a median survival 
of less than 2 years.1 These patients often suffer  
from a high symptom burden with progressive 
deterioration compounded by acute and life-
threatening decompensating events, which can be 
unpredictable.2 It is thus important for physicians to 
incorporate advanced care planning (ACP) to align 
goals of cares as part of their management. 

As there is very limited data on ACP specifically 
for liver cirrhosis patients in Singapore and Asia, the 
authors reviewed electronic ACP discussion records  
at their hospital, Sengkang General Hospital in  
Singapore, from January 2018 to December 2024, to 
investigate barriers to ACP, overall ACP outcomes,  
and the influence of hepatocellular carcinoma (HCC) 
diagnosis on ACP preferences for liver cirrhosis patients. 
ACP outcomes were tracked up till June 2025.

Only 72 (10.0% of cohort) liver cirrhosis patients  
were identified to have ACP discussion records, with  
mean age of 71.69 years, 51.39% of male sex, and 
73.61% of Chinese ethnicity. Thirty-one patients had 
HCC (43.06%). Forty-one patients rejected or did not 
complete ACP (56.94%). For all patients who completed 
ACP (31/72), the median number of ACP counselling 
sessions was 1 and the median total time spent on 
discussion was 60.0 (interquartile range [IQR] 45.0–60.0) 
minutes. The median duration between ACP intro- 
duction and death was 54.0 (IQR 19.0–139.0) days.  
For preferred place of death, a majority of patients  
chose their own home (11/31, 35.5%), followed by no 
preference (10/31, 32.3%), and hospital (8/31, 25.8%). 
Differences between HCC and non-HCC patients  
for preferred place of death were not statistically 
significant (P=0.946). For preferred place of care, 80% 
(12/15) of HCC patients selected their own home or 
long-term care facilities over the hospital, compared 

to 25% (4/16) of non-HCC patients (P=0.0105). Logistic 
regression analysis revealed that HCC patients were 
far more likely to select their own home or long-term 
care facilities over the hospital, compared to non-HCC 
patients (odds ratio [OR] 12.0, P=0.004, confidence 
interval [CI] 0.788–4.182). For preferred medical inter-
vention, most patients (29/31, 93.5%) chose limited 
additional intervention, and all patients opted not to 
attempt cardiopulmonary resuscitation (Table 1).

Reasons for ACP rejection/non-completion were:  
death before completion (11/28, 39.3%), lack of  
readiness to discuss ACP (9/28, 32.1%), family- 
centredness (7/28, 25.0%), and patient condition  
hindering ACP discussion (1/28, 3.6%) such as 
encephalopathy. Reasons categorised under “lack of 
readiness” theme included: (1) patients that simply 
indicated unreadiness to discuss ACP (6/9, 66.7%); 
(2) patient preference to discuss ACP when situation 
arises (2/9, 22.2%); (3) patient perception that ACP 
is unnecessary (1/9, 11.1%). Reasons for “family-
centredness” included: (1) patient preference to  
leave decision to family (2/7, 28.6%); (2) family  
excluding patient from decision-making (2/7, 28.6%); 
(3) family does not want patient to know their diagnosis 
(1/7, 14.3%); (4) family unready for ACP discussion  
(1/7, 14.3%); and (5) family does not want patient to 
think about end of life (1/7, 14.3%).

The findings show that incomplete ACPs in liver  
cirrhosis were due mostly to the lack of timely  
ACP initiation as patients died before ACP could 
be completed. This could be contributed by the 
unpredictable disease course of end-stage liver disease 
leading to prognostic uncertainty from physicians, 
especially if liver transplant is an option,3 and resulting 
in delays of ACP discussions.4 This is congruent with 
data from the West, whereby ACP discussions often 
commenced only when patients experienced severe 
deterioration and prognosis was poor.5 Second,  
patients’ lack of readiness to discuss ACP was likely 
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Table 1. Baseline demographics and advanced care planning data.

Variables Cohort (n=72) HCC patients 
(n=31)

Non-HCC 
patients (n=41)

P value

Age, mean (SD) 71.69 (11.98) 69.55 (12.24) 73.32 (11.67) 0.188

Sex, no. (%)  0.144

Male 37 (51.39) 19 (61.29) 18 (43.90)

Female 35 (48.61) 12 (38.71) 23 (56.10)

Race, no. (%)   0.454

Chinese 53 (73.61) 24 (77.42) 29 (70.73)

Malay 10 (13.89) 5 (16.13) 5 (12.20)

Indian 7 (9.72) 1 (3.23) 6 (14.63)

Others 2 (2.78) 1 (3.23) 1 (2.44)

Religion, no. (%) 0.934

Christian 7 (9.72) 4 (12.90) 3 (7.32)

Buddhist 4 (5.56) 2  (6.45) 2 (4.88)

Taoist 7 (9.72) 2 (6.45) 5 (12.20)

Muslim 9 (12.50) 5 (16.13) 4 (9.76)

Hindu 3 (4.17) 1 (3.23) 2 (4.88)

Catholic 4 (5.56) 2 (6.45) 2 (4.88)

Free thinker 2 (2.78) 1 (3.23) 1 (2.44)

Unspecified 36 (50.00) 14 (45.16) 22 (53.66)

ACP outcomes, no. (%) 0.580

Completed   31 (43.06) 15 (48.39) 16 (39.02)

Not completed/rejected 41 (56.94) 16 (51.61) 25 (60.98)

ACP 
discussion 
process

No. of ACP counselling sessions, median (IQR) 1 (1–1) 1 (1–1) 1 (1–1) 0.366

Total time spent on discussion (minutes),  
median (IQR) 

60.0 (45.0–60.0) 45.0 (42.5–60.0) 60.0 (60.0–60.0) 0.072

Duration between ACP introduction and  
death (days), median (IQR)

54.0 (19.0–139.0) 73.0 (17.0–135.0) 52.5 (21.0–147.8) 0.846

Preferred 
place of death 
(for completed 
ACP n=31) 

Hospital 25.8% (8/31) 26.7% (4/15) 25.0% (4/16) 0.946

Own home 35.5% (11/31) 40.0% (6/15) 31.3% (5/16)

Long-term care facilities (hospice, nursing home)  6.5% (2/31) 6.7% (1/15) 6.3% (1/16)

No preference 32.3% (10/31) 26.7% (4/15) 37.5% (6/16)

Preferred 
place of care 
(for completed 
ACP n = 31)

Hospital 48.4% (15/31) 20.0% (3/15) 75.0% (12/16) 0.0105

Own home 32.3% (10/31) 46.7% (7/15) 18.8% (3/16)

Long-term care facilities (hospice, nursing home)  19.4% (6/31) 33.3% (5/15) 6.3% (1/16)

Care plans (for 
completed 
ACP n=31)

Limited additional intervention 93.5% (29/31) 86.7% (13/15) 100% (16/16) 0.226

Do not resuscitate 100% (31/31) 100% (15/15) 100% (16/16)

ACP: advanced care planning; IQR: interquartile range; SD: standard deviation
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due to the distressing nature of ACP discussions. The 
idea of mortality underpins the discussion, and patients 
may not have come to terms with their prognosis. This 
is especially significant, where death is considered a 
taboo topic in Asian culture. Cirrhosis patients may 
also harbour excessively optimistic perceptions of their 
prognosis, which could influence them to pursue more 
aggressive interventions rather than palliative options.6 
Lastly, family-centredness, which is the dominant role 
family members play in decision-making, was another 
prominent factor contributing to ACP non-completion/
rejection. In Singapore’s Asian cultural context, family-
centred values and customs are deeply rooted into its 
social fabric. Collective input often takes precedence 
over individual autonomy and families play a central  
role in guiding healthcare choices. Asian family  
members are given substantial decision-making power 
in ACP discussions, particularly for elderly patients.7

The results also revealed a statistically significant 
association between HCC diagnosis and preferred 
place of care, with HCC patients preferring long-term 
care facilities or their own homes over the hospital 
(OR 12.0, P=0.004, [CI 0.788–4.182]). This could be 
attributed to the higher certainty of poor prognosis in 
HCC patients compared to non-HCC patients, which 
compels HCC patients to prioritise comfort. This is  
similar to a study on decompensated liver cirrhosis 
patients in the West, which showed that HCC liver 
cirrhosis patients had statistically significant higher  
odds of receiving hospice care compared to non-HCC 
liver cirrhosis patients.8

In conclusion, ACP completion rates for liver 
cirrhosis patients in Singapore are low, and important 
barriers identified were lack of timely initiation, lack of  
readiness, and family-centredness. Additionally, HCC 
diagnosis influences care plans, with HCC patients 
preferring to stay out of the hospital and non-HCC 
patients preferring hospitalisation. Knowledge of the 
barriers to ACP and the influence of HCC diagnosis  
may aid healthcare providers in guiding patients  
towards their most ideal ACP decisions that can satisfy 
their goals of care and wishes. ACP is an integral part  
of patient care in liver cirrhosis and should be encou-
raged earlier on in disease management.
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Dear Editor,
The readers writing this letter read with interest  
Hwang et al.’s article on augmented intelligence in 
healthcare,1 and agree that it would be most respon-
sible for artificial intelligence (AI) to enhance, rather 
than replace clinical judgment. The more urgent 
question for Singapore’s clinicians today is therefore 
not whether to use AI, but where to prioritise its 
deployment for responsible, meaningful impact.

AI is already embedded in several parts of  
Singapore’s healthcare system, including triaging, 
community screening, and operational management.2-5 
As adoption grows, the challenge shifts from experi-
mentation to disciplined scaling. Poorly chosen 
deployments risk inefficiency and erode trust, whereas 
well-targeted applications can improve clinical  
outcomes, reduce administrative load, and enhance 
system resilience.

Singapore’s integrated public healthcare clusters, 
robust data infrastructure such as the National  
Electronic Health Record, and strong governmental  
support create favourable conditions for AI imple-
mentation.6 However, this also raises expectations 
for disciplined governance. Past data breaches and 
rapid digitisation have heightened public sensitivity  
to privacy and accountability, underscoring that  
technical feasibility alone cannot justify adoption.7

Population health needs further sharpen the focus.  
With an ageing population, rising chronic disease  
burden, and a national emphasis on preventive  
and community-based care under Healthier SG, AI  
that supports early detection, longitudinal risk  
management, and continuity of care offers the highest 
value.

To guide responsible adoption, the readers recom- 
mend that clinicians assess AI initiatives across 5 
dimensions: (1) clinical value: demonstrable improve-
ments in outcomes, safety, or clinician capacity; (2) 
workflow integration: minimal disruption and seamless 

incorporation into existing routines; (3) data readiness: 
reliable, representative data suited to the intended 
task; (4) ethics and governance: clear accountability, 
transparency, and safeguards for patient trust; (5) 
scalability and sustainability: capacity for long-term 
support and system-wide implementation.22 Appli-
cations scoring strongly across these dimensions  
merit prioritisation; those driven mainly by novelty or 
vendor interest should be approached cautiously.

AI will increasingly influence healthcare delivery 
in Singapore. The key question is whether this 
evolution occurs reactively or under deliberate clinical  
leadership. Clinicians play a central role in identifying 
where AI truly adds value, where it distracts, and  
where it may inadvertently harm. By emphasising 
augmentation over automation, prevention over  
reaction, and integration over fragmentation, clinicians 
can ensure AI strengthens the core values of  
Singapore’s healthcare system. The future of AI 
in healthcare should be defined not by technical  
capability, but by clinical relevance.
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Table 1. Clinical and operational domains where AI should be prioritised to further value-add to Singapore’s healthcare system.

Clinical domains

Diagnostics AI’s maturity is the strongest in pattern-recognition tasks such as radiology, ophthalmology, and 
pathology. Singapore already uses validated tools for chest radiography triage and diabetic retinopathy 
screening.3-5,8-9 The most appropriate use cases are those that triage or augment clinical review rather than 
make autonomous decisions. Clinicians should prioritise diagnostic AI where disease burden is high, early 
detection improves outcomes, workload is variable, and outputs are explainable. In contrast, areas with 
limited data, subjective labels, or unclear downstream pathways should be deprioritised.

Decision support Chronic disease management is well suited for AI-enabled risk stratification and treatment optimisation 
due to its structured data and stable guidelines.9-11 Assistive, not prescriptive tools that surface options 
or flag deviations support clinical judgment while improving consistency. Prioritisation should focus on 
domains with well-defined pathways, high variability driven by workload constraints, and transparent, 
contestable recommendations.

Longitudinal monitoring and  
preventive care

As care shifts upstream, predictive models that identify patients at risk of deterioration or poor adherence 
align directly with national preventive care priorities.12-14 AI is most valuable when paired with primary care 
ownership, digital engagement tools, and clear escalation pathways. Priority should be given to systems 
enabling anticipatory action rather than retrospective insight.

Operational domains

Clinical documentation and  
administrative work

Among all applications, AI-assisted documentation offers the most immediate, broad-based benefits. It 
directly reduces administrative burden, a major contributor to clinician burnout, without altering clinical 
decisions.15-16 Singapore’s strong interest in generative AI for documentation reflects its potential to 
transfer time and attention to patient care.3,17

Resource allocation and capacity 
management

AI that improves bed assignment, operating theatre scheduling, and patient flow addresses bottlenecks 
that contribute to crowding and delays.2-3,18 Such systems are particularly beneficial where demand is 
predictable, decisions are time-sensitive, and coordination is complex.

Patient engagement and access Chatbots, appointment optimisation tools, and digital triage platforms can improve access and promote 
appropriate self-care.2-4,9,19-21 Clinicians should prioritise solutions integrated with trusted national 
platforms and aligned with established guidelines, while ensuring they complement but not replace 
human interaction.

AI: artificial intelligence
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Authors’ reply
Dear Editor,
The authors thank the readers for their thoughtful 
response to the article on augmented intelligence in 
healthcare.1 The authors agree that the key question 
is not whether to use artificial intelligence (AI), but 
how to prioritise its deployment responsibly within 
the health system. Their proposed domains and 
evaluation criteria are well aligned with the current 
evidence that AI performs best in structured, high-
volume tasks such as imaging triage, chronic disease 
risk stratification, and documentation. These support 
our 3-fold considerations for augmented intelligence 
in healthcare.2 First, AI in healthcare requires humans 
(including the AI company or hospital management) 
to take final responsibility. Second, engagement and 
involvement are required in AI implementation. Third, 
the future is not about whether AI is used but why AI  
is not being used.

In reply to the readers responding to the paper,  
the authors offer 3 additional considerations. First, 
technical validation must be coupled with implemen-
tation science. Prospective accuracy does not  
guarantee clinical impact. Real-world studies show  
that effectiveness depends on workflow integration, 
clinician behaviour, and continuous monitoring for 
performance decay or dataset shift.3-5 Post-deployment 
audit and recalibration should therefore be mandatory 
components of scaling.

Second, augmentation requires safeguards against 
automation bias. Human-AI interaction research 
demonstrates that clinicians may over-rely on  
algorithmic outputs, particularly under time pressure.6,7 
Systems should incorporate calibrated uncertainty, 
transparent outputs proportional to clinical risk, 
and clear override mechanisms to preserve clinical  
judgment and patient safety.

Third, prioritisation must explicitly address equity  
and longitudinal value. Algorithmic bias and differential 
performance across demographic groups are well-
documented.8,9 In a multi-ethnic population, validation 
across strata and fairness audits are essential. Beyond 
efficiency, AI should be evaluated for measurable  
impact on preventive care, continuity, and patient- 
centred outcomes.

Singapore’s integrated clusters and national data 
infrastructure position it well for disciplined scaling.  
The appropriate paradigm remains augmentation: 
AI should extend human capacity while preserving 
accountability, equity, and professional judgment.
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Eighty new consensus statements integrate the latest clinical evidence with practical considerations for 
the management of osteoporosis in Singapore. (See full article, p. 252)
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2025 Singapore consensus statements on the management of osteoporosis
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