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Background and Aim: We performed this meta-analysis to evaluate the safety and efficacy of
intranasal insulin in Alzheimer’s disease (AD) patients.

Methods: A literature search was conducted for PubMed, Scopus, and Web of Science from inception
until August 2022. Documents were screened for qualified articles, and all concerned outcomes were
pooled as risk ratios or mean difference (MD) in the meta-analysis models using Review Manager
(RevMan version 5.4).

Results: Our results from 12 studies favored intranasal insulin over placebo in terms of
Alzheimer Disease’s Assessment Scale-cognitive subscale (ADAS-cog) 20 IU, (MD = —0.13, 95%
CI[-0.22,—0.05], P = 0.003). The overall effect did not favor either of the two groups for ADAS-cog
40 IU, memory composite 20 IU and 40 IU, and adverse events (MD = —0.08, 95% CI [-0.16, 0.01],
P =0.08), (MD = 0.65, 95% CI [-0.08, 1.39], P =0.08), (MD = 0.25, 95% CI [-0.09, 0.6], P = 0.15),
and (MD = 1.28, 95% CI [0.75, 2.21], P = 0.36), respectively.

Conclusion: Ultimately, this meta-analysis showed that intranasal insulin in small doses (20 IU)
significantly affects patients with AD. Further studies are recommended on reliable insulin delivery
devices to increase insulin in the central nervous system.

Relevance for Patients: Intranasal insulin has shown promising results in treating patients with AD.
The lower doses (20 IU) can play a positive role in improving the disease. As research continues, it is
likely that this treatment will become more widely accepted and utilized in clinical practice.

1. Introduction

Alzheimer’s disease (AD) is a chronic neurodegenerative illness characterized by
changes in behavior and personality, cognitive impairment, and memory loss [1]. Major
neuropathological features of AD are thought to be the buildup of extracellular amyloid/
senile plaques made of intracellular neurofibrillary tangles and amyloid-(A). It is worth
mentioning that AD-sensitive brain areas exhibit substantial abnormalities in glucose
metabolism and reduced neuron use of glucose as a result of disruptions in the insulin
signaling pathway [2].

Several studies recently suggested that insulin may be essential in preserving the
brain’s mitochondrial balance and cerebral bioenergetics [3]. In addition, it could have an
impact on the clearance of the significant factors in the path mechanism of AD, including
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amyloid peptide and tau protein phosphorylation [3]. Low insulin
levels in the central nervous system (CNS) may be caused by
impaired insulin transport through the blood-brain barrier (BBB).
Therefore, raising brain insulin may stop the degenerative
processes associated with AD [3]. Based on that, a wide range
of pharmacological substances and delivery strategies has been
developed and studied.

The olfactory bulb, cerebral cortex, hippocampus,
hypothalamus, cerebellum, and choroid plexus have the highest
insulin receptor density [4]. Accordingly, through the roof of the
nose, insulin can cross through the BBB and systemic circulation,
entering the brain through the olfactory, trigeminal, and nerve
fiber pathways [5].

Binding insulin with its receptor will lead to autophosphorylation
of the insulin receptor and induction of insulin receptor substrate
(IRS). Activation of AKT, which is one of the signaling routes that
insulin activates, through IRS phosphorylation has been linked
to improvements in neuronal protection, learning, and memory
functions among AD patients [6].

However, several previous studies have shown conflicting
findings regarding the influence of intranasal insulin on dementia
in AD patients. Therefore, in this study, we aimed to fill the
gap in detecting the real effect of intranasal insulin on these
patients.

2. Materials and Methods

This systematic review and meta-analysis were reported
following the PRISMA declaration requirements [7]. The
protocol of this study was registered on the PROSPERO
(CRD42022355827).

2.1. Eligibility criteria

The following conditions were considered for the study:

(1) Population: Studies on patients who have AD or mild
cognitive impairment.

(i1) Intervention: Studies where the exposed group was intranasal
insulin.

(ii1) Comparator: Studies where the control group received a
placebo.

(iv) Outcome: Studies stated one or more of the following
outcomes: Alzheimer Disease’s Assessment Scale-
cognitive subscale (ADAS-cog) either 40 IU or 20 IU,
and adverse effects (headache, fall, and rhinitis/upper
respiratory infection [URI]). In addition, memory
composite (delayed story recall) 40 IU and 20 IU, dementia
severity rating scale (DSRS), AD cooperative study-
activities of daily living (ADCS-ADL), clinical dimension
rating-sum of boxes (CDR-SOB), and cerebral spinal fluid
(CSF) biomarkers of AD.

(v) Study design: Studies that were designated as randomized
clinical trials (RCTs).

(vi) Studies excluded: Not published in the English language,
comments, review articles, case reports, observational
studies, abstracts, and letters to the editor.

2.2. Search strategy

Three electronic databases (PubMed, Scopus, and Web of
Science) were searched from their inception until August 2022
using the following query: (Alzheimer OR [Senile Dementia] OR
[Dementia Presenile]) AND [Insulin OR Novolin OR Iletin]).

2.3. Selection process

The titles and abstracts of all citations considered for inclusion
were reviewed by three authors independently. Then, we extracted
the full text of the selected studies to evaluate their applicability
and validated them according to our systematic review and meta-
analysis standards. Discrepancies were resolved by consensus.

2.4. Data extraction

Data were extracted from an online data extraction sheet by
four independent authors. The extracted data included: (1) A
summary of the included studies, (2) baseline characteristics for
the included population, (3) risk of bias domains, and (4) outcome
measures. Any disagreements were solved by a fifth author.

2.5. Quality appraisal

We used the Cochrane assessment tool 2 (ROB2) for randomized
controlled trials [8]. Using that tool, each study was assessed for
the possibility of bias in the following domains: (1) Random
sequence generation, (2) allocation concealment, (3) blinding of
participants, personnel, and outcome assessors, (4) incomplete
outcome data, (5) selective outcome data reporting, and (6) other
sources of bias. The degree of bias in the authors’ conclusions is
classified as “low risk,” “some concerns,” or “high risk.”

2.6. Synthesis methods

Continuous were pooled as mean difference (MD) between
the two groups from baseline to the endpoint in the meta-analysis
models utilizing the inverse variance (IV) method. We assumed
a fixed-effect model of the MD as the main analysis model.
Nevertheless, relative risk (RR) was used to pool dichotomous
data in a fixed-effect model using the Mantel-Haenszel (M-H)
method. RevMan software (version 5.4 for Windows) was applied
to run the statistical analysis. In addition, we used the Chi-square
test (Cochrane Q test) to assess the statistical heterogeneity of
the included studies. Significant heterogeneity was reflected by
I* > 50% with P <0.1.

3. Results
3.1. Results of study selection and characteristics

Our literature search process retrieved 9119 records. After
removing duplicates, 6391 abstracts were evaluated, and 19
articles were eligible for full-text screening. Of them, 12 studies
were included in this study. Due to the heterogeneity in some
included studies, we conducted a meta-analysis of seven studies.
The PRISMA flow diagram of the study selection process is
shown in Figure 1.
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Figure 1. PRISMA flow diagram of studies’ screening and selection.

The number of patients who were included in the meta-analysis
was 620, including 382 who were treated with intranasal insulin
and 238 who received a placebo. A summary of the eligible
studies and the characteristics of their patients are presented in
Tables 1 and 2.

3.2. Quality assessment

According to RoB2, we found four studies with an overall low
risk of bias [9-12] and eight had some concerns. The reasons for
some concerns are that four studies had some concerns in the
randomization process [13-16] and four had some concerns in the
selection of the reported results [17-20] (Figure 2).

3.3. Outcomes
3.3.1. ADAS-cog 40 IU

Six studies were reported for ADAS-cog 40 TU with a total
of 486 participants. The findings presented that there was no
significant difference between the intranasal insulin and the
placebo according to ADAS-cog 40 IU. The MD was —0.08 (95%
CI: —0.16-0.01, P = 0.08). The pooled studies were homogenous
(P =0%, P=0.92) (Figure 3A).

3.3.2. ADAS-cog 20 IU

Three studies represented ADAS-cog 20 IU with a total
of 191 participants. Pooled studies favored the insulin effect
over the placebo. The MD was —0.13 (95% CI: —0.22 — —0.05,
P =0.003). The results were homogenous (I* = 0%, P = 0.86)
(Figure 3B).

3.3.3. Memory composite (delayed story recall) 40 U

We pooled the four studies that provided relevant data for
memory composite 40 IU involving 400 participants. The
overall effect did not favor either of the two groups in terms of
memory composite 40 [U. The MD was 0.25 (95% CI: —0.09 —
0.6, P = 0.15). The results were homogenous (> = 0%, P = 0.99)
(Figure 3C).

3.3.4. Memory composite (delayed story recall) 20 TU

Two studies reported relevant data for memory composite 20 U
involving a total of 132 participants. There was no significant
difference between the intranasal insulin and the placebo. The MD
was 0.65 (95% CI: —0.08 — 1.39, P = 0.08). The pooled studies
were homogenous (22 = 0%, P =0.51) (Figure 3D).
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Study ID Design Country Duration Patient’s eligibility Type of insulin Outcomes measured Main finding
(months)
Claxton RCT United States 48 ® Patients with mild - Novolin R; Novo - Primary: Intranasal
etal [9] cognitive impairment Nordisk, Princeton, ® Delayed story recall insulin improves
or Alzheimer’s New Jersey ® DSRS MCI and AD
disease - Secondary:
® ADAS-Cog
¢ ADCS-ADL
Claxton RCT United States 24 ® Patients with mild - Levemir; Novo - Primary Intranasal
etal [15] cognitive impairment Nordisk, Princeton, ® A verbal memory composite insulin improves
or AD New Jersey score AD
- Secondary
® Executive function
® Visuospatial working memory
® Caregiver-rated functional
ability
- Metabolic outcomes
® Homeostatic model assessment
for insulin resistance (HOMA-IR)
Craft RCT United States 6 ® Patients who scored - Novolin R; Novo Primary: Intranasal
etal [11] between 0.5 and 1 Nordisk, Princeton, ® Delayed story recall insulin improves
on the Clinical New Jersey * DSRS MCI and AD
Dementia
Rating
® Who >15 on the
Mini-Mental State
Examination
Craft RCT United States 4 ® Patients who were - Humulin R U-100, Primary: Intranasal
et al. [14] probably AD Eli Lilly and Co. ® Delayed story recall insulin improves
® Who >15 on the - Levemir®; Novo Secondary: AD
Mini-Mental State Nordisk, Princeton, ® ADAS-Cog
Examination New Jersey ® DSRS
® MRI volume changes in
AD-related regions of
interest
® Cerebrospinal fluid AD
markers
Craft RCT United States 48 ® Adults between - Humulin-RU-100; Primary: Intranasal
etal [10] the ages of 55 Lilly ® ADAS-Cog insulin does not
and 85 Secondary: improve MCI
* Patients with mild * ADCS-ADL and AD
cognitive ®* CDR-SB
impairment or ® Immediate and delayed story
AD recall.
® MMSE scores of 20
or higher
® Global clinical
dementia ratings of
0.50r 1.0
® Logical
memory-delayed
scores falling
within a
predetermined
education-adjusted
range.
(Cont’d...)
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Study ID Design Country Duration Patient’s eligibility Type of insulin Outcomes measured Main finding
(months)
Rosenbloom Randomized, United States 6 ® Mild-moderate AD - Rapid-acting insulin ® Peripheral glucose levels Intranasal
etal [16] cross-over ® Who are >65 years ® Verbal memory, safety, and ?nsulin does not
old and 85 years old. efficacy 1m§rA0]\3e MCI
® The Clinical Dementia ® Serum insulin levels acutely an
Rating (CDR) for
each individual ranged
from 1 to 2
® Mini-Mental
State Examination
(MMSE) scores
ranged from 18 to 26
Rosenbloom RCT United States 6 ® Patients with mild NR Primary: Intranasal
etal [12] cognitive impairment ® ADAS-Cog insulin does not
or AD * CDR-SB improve MCI
® Montreal Cognitive Secondary: and AD
Assessment (MoCA) ® (COWAT)
scores of 18-27 ° (WMS)—IV
® Blood glucose and insulin level
® Adverse effects (AEs) and severe
adverse effects (SAEs)
Mustapic RCT United States 4 ® Patients aged 55 or NR * ADAS-Cog Intranasal
etal [13] greater ® Mini-Mental State Examination insulin improves
® Patients with mild °* AD A iti MCT and AD
ssessment Scale for cognition
cognitive impairment and insulin signaling mediators
or AD as biomarkers, especially EV
® Who is on stable biomarkers of insulin resistance as
doses of memantine (pS312-IRS-1 and pY-IRS-1)
(Namenda) or
cholinesterase inhibit
Kellar RCT United States 18 e Adults between the - Humulin-R U100 ® CSF macrophage-derived chemokine Intranasal
etal. [20] ages of 55 and 85 ® CSF interferon-y, CSF immune/ insulin improves
® Patients with mild inflammatory/vascular markers MCland AD
cognitive impairment ® Changes in cognition, brain volume,
or AD and amyloid and tau concentrations
¢ MMSE scores of 20 ® CSF markers of inflammation,
or higher immune function, and vascular
® Global clinical integrity and assessed their
dementia ratings of relationship with changes in
0.50r 1.0 cognition, brain volume, and CSF
® Logical memory- amyloid and tau concentrations,
delayed scores falling reduced interleukin-6, cerebral
within a predetermined spinal fluid (CSF) biomarker profiles
education-adjusted and slower symptom progression
range
Reger RCT United States NR ® Patients with mild - Novolin R, Novo ® Verbal memory Intranasal
etal [18] cognitive impairment Nordisk, Princeton, NJ, 4 Verbal Memory insulin improves
or AD UsA ® Plasma B-Amyloid MCland AD
® Plasma insulin and glucose levels
Reger RCT United States NR ® Patients with mild - Novolin R, Novo Primary: Intranasal
etal [17] cognitive impairment Nordisk ® Intended to be verbal memory insulin improves
or AD after a delay MCI and AD
® Attention
® Caregiver assessments of
functional state
Secondary:
® Plasma levels of insulin, glucose,
beta-amyloid, and cortisol
(Cont’d...)
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Table 1. (Continued)
Study ID Design Country Duration Patient’s eligibility Type of insulin Outcomes measured Main finding
(months)
Reger RCT United States NR ® There were no - Novolin R containing Primary: Intranasal
etal [19] neurological cresol, Novo Nordisk, ® Cognitive data, such as (verbal insulin improves
disorders (other than Princeton, NJ, USA memory for story recall) AD
AD) Secondary:

® Plasma insulin

® Blood glucose levels

® Attention,

® Working memory

® Negative effects such as
(nosebleed — nose soreness)

Abbreviations: Apo e4: Apolipoprotein E4; DSRS: Dementia Severity Rating Scale; ADAS-cog: Alzheimer Disease’s Assessment Scale-cognitive subscale; ADCS-ADL: Alzheimer’s Disease
Cooperative Study—activities of daily living; CDR-SOB: Clinical Dimension Rating—Sum of Boxes; MMSE: Mini-Mental State Examination; NR: Not reported; AD: Alzheimer’s disease;
MCI: Mild cognitive impairment; CSF: Cerebral spinal fluid; COWAT: Controlled Oral Word Association Test; WMS-IV: Wechsler Memory Scale

3.3.5. Memory composite (delayed story recall) long-acting

Two studies provided adequate data for memory composite
long-acting involving 63 participants. We found no significant
difference between the intranasal insulin and the placebo. The
MD was 0.58 (95% CI: —0.04 — 1.19, P = 0.07). The results were
homogenous (72 = 0%, P =0.71) (Figure 3E).

3.3.6. DSRS 40 IU

Three studies reported relevant data for DSRS 40 IU with a
total of 160 participants. The overall effect did not favor either of
the two groups in terms of DSRS 40 IU. The MD was —0.15 (95%
CI: —0.88 — 0.57, P = 0.68). The findings of the studies were
homogenous (72 = 0%, P = 0.6) (Figure 3F).

3.3.7.DSRS 20 IU

Regarding DSRS 20 IU, we identified two relevant studies with
a total of 132 participants. There was no significant difference
between the two groups. The MD was —0.11 (95% CI: —0.82 —
0.6, P = 0.76). The pooled articles were homogenous (> = 0%,
P =0.59) (Figure 4A).

3.3.8. DSRS-LA

Two studies provided relevant data for DSRS-LA with a total
of 63 participants. The overall effect did not favor either of the two
groups in terms of DSRS-LA. The MD was 0.16 (95% CI: —=3.98 —
4.29, P =0.94). The results were homogenous (* = 0%, P = 0.85)
(Figure 4B)

3.3.9. ADCS-ADL 40 TU

We identified three studies that reported relevant data for ADCS-
ADL 40 IU involving a total of 376 participants. The overall effect
did not favor either of the two groups in terms of ADCS-ADL
40 IU. The MD was 0.04 (95% CI: —0.07 — 0.15, P = 0.49). The
pooled studies were homogenous (2 = 0%, P = 0.58) (Figure 4C).

3.3.10. ADCS-ADL 20 IU

Two studies provided adequate data for ADCS-ADL 20 U
with a total of 132 participants. The overall effect did not favor

either of the two groups in terms of ADCS-ADL 20 IU. The MD
was 0.02 (95% CI: —0.09 — 0.13, P = 0.72). The results were
homogenous (7 = 0%, P = 0.59) (Figure 4D).

3.3.11. Clinical Dementia Rating-Sum of Boxes score

Two studies provided relevant data for clinical dimension
rating — the sum of boxes involving 268 participants. We did
not find a significant difference between the two groups. The
MD was 0.36 (95% CI: =0.19 — 0.92, P = 0.2). The results were
homogenous (72 = 0%, P = 0.54) (Figure 4E).

3.3.12. CSF biomarkers of AD

We found a non-significance difference between the intranasal
insulin and the placebo in the case of CSF biomarkers of AD. The
MD was —3.23 (95% CI: —9.9 — 3.44, P = 0.34). In addition, the
overall effect did not favor either of the two groups in terms of
Abetad2, Tau, and Tau-P. More information is given in Figure 5.

3.3.13. Adverse effects

We categorized data into three subgroups (Headache, Rhinitis/
URI, and Fall) involving 1001 participants. The findings of
overall adverse events and the subgroups revealed no significant
difference between the two groups. The RR of overall adverse
events was 1.28 (95% CI: 0.75 — 2.21, P = 0.36). All details are
in Figure 6.

4. Discussion

The introduction of effective medicine for several CNS-related
disorders, including AD, by nose-to-brain drug administration,
has been considered a revolutionary process [21]. Intranasal
insulin is one of these treatments that have shown a beneficial
impact on AD patients [11]. In the present study, 12 RCTs were
included in the study. All the included studies retrieved from our
literature search compared intranasal insulin with placebo in terms
of safety and efficacy. The duration of treatment in the included
studies ranged from 4 months to 4 years. The findings of our
meta-analysis revealed that intranasal insulin might be significant
in improving cognition in Alzheimer’s disease patients measured
by ADAS-cog with lower doses being more effective. There was
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Figure 2. The risk of bias summary and risk of bias graph according to the Cochrane risk of bias assessment tool.

no difference in the incidence of adverse effects between both
arms which suggests that short-term intranasal insulin could be
safe in treating Alzheimer’s disease patients. In addition, CSF
biomarkers, clinical dementia rating score, dementia severity
rating scale, and memory composite showed no significance in
either dose of insulin compared to the placebo.

In general, ADAS-Cog is a reliable assessment tool for
Alzheimer’s disease. It contains items regarding language,
memory, praxis, and orientation with higher scores representing
greater impairment. These items are beneficial in not only
diagnosing Alzheimer’s disease patients from healthy people but
also helping in determining the severity of the disease through
the items in the orientation section [22]. Furthermore, we need
to differentiate between MCI and dementia. MCI is a period
between dementia and normal cognitive impairment associated
with getting older. There are amnestic and non-amnestic types of
it [23]. Dementia is a generic term for a deterioration in cognitive
functions that makes it difficult to carry out daily tasks [24]. Once
the patient is in the MCI stage, it is regarded as a major risk of
being a dementia patient [23].

Our meta-analysis showed significantly less decline in
ADAS-cog score from the baseline in the insulin 20 IU group
when compared to the placebo. This is consistent with individual
study results which showed that the insulin group had less
decline in cognitive function over time when compared to the
placebo [9,11,13].

The results did not reach a significant cutoff point when we
compared insulin 40 IU and placebo regarding ADAS-cog scores.
The findings of the individual studies involved in the analysis
varied. Some studies supported our results that 40 IU insulin loses
its effect on cognition. A possible explanation of this finding could

be attributed to the small sample size, the short duration of the
trials which make it difficult to detect significant differences, and
the use of unreliable devices or insulin formulations that are not
proven to be effective on memory [12,25,26]. Claxton 2013 [9] and
Craft 2017 [14] showed a possible correlation between ApoE4 and
the treatment response specific to the 40 IU insulin. In addition,
Claxton 2013 [9] demonstrated a gender/ApoE4 interaction with
a better improvement of cognitive function in ApoE4 negative
males and more decline in ApoE4 negative females [9,14]. Given
our p-value (0.08) and our confidence interval, most of it was
in the direction of favoring 40 IU insulin. Further studies with
larger sample sizes and longer durations are needed to confirm
this association and the efficacy of using the 40 IU insulin in the
treatment of Alzheimer’s disease patients.

On the contrary, some studies showed that ADAS-cog score is
significantly improved with the administration of 40 IU insulin
compared to placebo. Craft 2012 [11] showed a significant
difference in ADAS-cog score between 40 IU insulin and
placebo [11]. Reger ef al. demonstrated that the effect of insulin
on cognition is dose-dependent and the curve shows a U-shaped
pattern, meaning that enhanced cognition can be achieved by
optimal dose while the extremes of doses will have less effect.
The 40 IU might have exceeded the optimal dose of memory but
not for other items of the ADAS-cog score and this explains the
significant difference between the placebo in the ADAS-cog score
and not in delayed story recall [18]. Another study showed that
the insulin signaling pathway is better activated in smaller doses
compared to higher doses which can cause insulin resistance and
worsen the condition of already existing memory impairment [27].
Claxton’s 2013 results support this theory as they showed similar
results regarding delayed story recall and ADAS-cog score [9].
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Figure 3. Forest plots of mean difference in (A) ADAS-cog 40 IU, (B) ADAS-cog 20 IU, (C) memory composite 40 IU, (D) memory composite 20 U,
(E) memory composite long-acting, and (F) DSRS 40 IU. Abbreviations: ADAS-cog: Alzheimer Disease’s Assessment Scale-cognitive subscale;

DSRS: Dementia Severity Rating Scale.

We found that there was a non-significant difference between
20 IU insulin and placebo regarding delayed story recall. Craft
2012 reported a significantly better story recall compared to
a placebo [11]. This could be attributed to the imprecision and
wide confidence interval observed in Claxton 2013 [9]. When we
compared 40 IU insulin with a placebo, there was no significant
difference in story recall between both groups. This is consistent
with the results of individual studies and could be explained by the
U-shaped dose-dependent theory that was mentioned above. This
means that 40 IU insulin might have exceeded the optimal dose
for memory composite.

The ADCS-ADL is a scale used to measure the capability of AD
patients to perform daily activities with higher scores indicating

better preservation of functional capacity [9]. Our results showed
that there is no difference in ADCS-ADL between both insulin
groups and the placebo. This is consistent with the findings of two
of the included studies which reported this outcome. However,
Claxton 2013 showed a difference in ADCS-ADL between males
and females in favor of females [9]. Moreover, Craft 2012 showed
that there is a significant difference between the insulin and
placebo group for Alzheimer’s disease but not for amnestic mild
cognitive impairment (aMCI) [11].

The DSRS is a similar scale to ADCS-ADL determined by
a questionnaire that contains questions about the cognitive,
functional, and social status of the patient. Higher scores indicate
greater impairment. Our results found no significant difference
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Figure 4. Forest plots of mean difference in (A) DSRS 20 IU, (B) DSRS-LA, (C) ADCS-ADL 40 IU, (D) ADCS-ADL 20 IU, and (E) Clinical
Dementia Rating-Sum of Boxes score. Abbreviations: DSRS: Dementia Severity Rating Scale; ADCS-ADL: Alzheimer’s disease Cooperative Study-
activities of daily living.
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Figure 5. Forest plots of mean difference in CSF Biomarkers of AD. Abbreviations: CSF: Cerebral Spinal Fluid; AD: Alzheimer’s disease.
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Total events 6 2
Heterogeneity: Chi*= 0.36, df= 2 (P = 0.84); F=0%
Test for overall effect Z=1.22 (P=0.22)
13.1.2 Rhinitis / URI
craft2012 5 36 3 30 159% 1.39[0.36, 5.34] e
craft2017 5 12 2 12 97% 2.50(0.60,10.46] N T
craft2020 5 11 3 119 147% 1.64 [0.40,6.71] — T
Subtotal (95% CI) 169 161 40.4%  1.75[0.78, 3.89] Ry
Total events 15 8
Heterogeneity: Chi*= 0.36, df= 2 (P = 0.84); F=0%
Test for overall effect Z=1.37 (P=017)
13.1.3 Fall
craft2012 1 36 2 30 10.6% 0.42[0.04,4.37] e
craft2020 1 11 2 119  98% 0.49 [0.05, 5.35] "
rosenbloom2021 4 19 5 16 26.4% 0.67 [0.22, 2.09] SN
Subtotal (95% Cl) 176 165 46.9%  0.58[0.22, 1.49] e
Total events 6 9
Heterogeneity: Chi*=0.16, df= 2 (P = 0.92); F=0%
Test for overall effect: Z=1.14 (P = 0.26)
Total (95% Cl) 514 487 100.0%  1.28[0.75,2.21] <>
Total events 27 19
Heterogeneity: Chi*= 4.70, df=8 (P = 0.79); F=0% k + + J
Testfor overall effect Z= 0.91 (P = 0.36) . T L
Test for subaroup differences: Chi*= 4.07, df=2 (P =0.13), F=50.8%

Figure 6. Forest plots of risk ration in adverse events (Headache, Rhinitis/URI, and Fall). Abbreviations: URI: Upper respiratory infection.

between the low dose of insulin and the placebo group. Craft 2012
reported similar results at 6 months of evaluation [11]. However,
significant improvement in DSRS at 2 months was observed.
Moreover, Claxton 2013 endpoint at 4 months revealed marginal
significance in DSRS between placebo and 20 IU insulin [9]. This
could be due to a time-dependent relation which suggests that
20 IU insulin might be beneficial in the short-term and relatively
loses its benefits onward. Regarding 40 IU or long-acting insulin,
our results as well as the results of the individual studies showed no
difference with the placebo irrespective of the time of assessment.

In the context of the main pathophysiological changes in
AD patients, Beta peptides, Tau protein, and Tau-p protein
are known to play the main role in AD pathology. Insulin was
thought to protect against amyloid-beta peptides and reduce tau
phosphorylation [28-30]. However, the limited insulin transport
across the BBB reduces this protective effect [31]. The intranasal
administration of insulin was a new route to bypass the BBB as
insulin travels along perivascular pathways following olfactory
and trigeminal nerves [32].

In our study, we assessed the effect of intranasal insulin
administration on the levels of the three biomarkers A beta, tau,
and tau-p in the CSF. We found no significant difference in any
of the three biomarkers between insulin and placebo. Although
this is consistent with the individual study results, exploratory
analysis of one study showed that increased levels of amyloid-
beta concentration and decreased tau protein—to—AB 42 ratio
were associated with improved delayed story recall and daily
function. This association was only found in the insulin group.
Thus, such results could not be attributed to disease progression
status. Moreover, selection bias could have happened since not

all participants underwent lumbar punctures [11]. However,
additional studies with larger sample sizes are needed to further
examine the effect of intranasal insulin on Alzheimer’s disease
pathology.

In the assessment of intranasal insulin safety, our meta-
analysis showed no significant difference in the incidence of
complications in the insulin group compared to the placebo
group. The included studies reported no serious adverse effects,
and the complications were limited to minor complications such
as upper respiratory symptoms and rhinitis. Apart from a higher
rate of nasal irritation reported in Rosenbloom and a higher total
number of minor adverse events reported in Craft 2012, the
overall results showed no significant difference in the incidence
of complications between insulin and placebo groups [11,12].
Moreover, these studies reported good compliance which was
not different between the two arms [11,12,14]. Thus, weighing
the risk-benefit ratio of this treatment, intranasal insulin could
be a safe therapy for Alzheimer’s disease patients. Rosenbloom
included non-insulin-dependent diabetic patients who reported
that they well tolerated the treatment with no major adverse effects
or hypoglycemia. However, these studies were done over a short
duration, making their long-term safety and efficacy inconclusive.
Thus, larger sample sizes and longer-duration clinical trials are
needed to assess the long-term benefits of intranasal insulin and
the correlation between patients’ characteristics and their response
to treatment.

In the latest network meta-analysis [33], the efficacy of six
different antidiabetic drugs was evaluated, including intranasal
insulin 40 IU and 20 IU. No discernable difference was found
when assessing the acceptability of the agents (defined by all-
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cause discontinuation). In addition, Cognitive assessment using
ADAS-Cog showed no significant improvement in either dose
(20 TU or 40 IU) compared with the placebo. Nonetheless, our
study found that intranasal insulin delivered at 20 IU improved the
ADAS-Cog, but not at 40 IU. This cognitive change in response to
low-dosage intranasal insulin was related to neuronal extracellular
vesicles (EV) biomarkers of insulin resistance (pS312-IRS-1, pY-
IRS-1), suggesting activation of the insulin signaling cascade at
the IRS-1 level.

4.1. Limitations and strengths of the study

The major limitation of this study included: The inability
to perform a meta-analysis of five of the included studies due
to several variations between these articles, such as reporting
different outcomes utilizing various scores and some discrepancies
in the duration of intervention. Future research is warranted to
explore the efficacy of intranasal insulin in a larger sample with
longer follow-ups, taking into consideration the apoE4 status and
the progressive neurodegeneration that occurs over many years
and needed longer duration studies.

Nevertheless, the strengths of our study are as follows: (1) Our
meta-analysis represented the last updated evidence assessing the
efficacy and safety of intranasal insulin in patients with AD, (2) we
provided a more comprehensive analysis in an attempt to solve the
previous conflicting findings, and (3) we complied the PRISMA
checklist when representing this manuscript and conducted all
steps as stated in the Cochrane Handbook in our review.

5. Conclusion

Ultimately, the current results of intranasal insulin are
encouraging in terms of safety and efficacy. Our findings
demonstrate that the administration of lower doses (20 IU) has
distinctly more efficacy than higher doses (40 IU) as revealed by
the ADAS-cog scale. To learn about the variations (sex, age, and
ApoE4 carriage) in treatment responses and make the most of
this intervention, further trials are required. In addition, a future
investigation should require reliable insulin delivery devices with
proven capacity to increase insulin in the CNS.
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Background and Aim: The aim of this study was to evaluate the efficacy a 20% intravenous fat
emulsion therapy in women suffering from recurrent pregnancy loss or recurrent implantation failure
(RPL/RIF) who are undergoing in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI).
Materials and Methods: We searched Cochrane Library, ISI Web of Science, MEDLINE,
ClinicalTrials.gov, PubMed, and Scopus using relevant keywords during February 2020 for randomized
controlled trials (RCTs) comparing the therapy versus placebo or no intervention in women suffering
from RPL/RIF and undergoing IVF/ICSI.

Results: We included five RCTs with 840 patients. The intravenous fat emulsion therapy was
significantly effective in increasing clinical pregnancy rates compared to the control group (risk ratios
[RR] = 1.48, 95% confidence intervals [CI] [1.23, 1.79], P < 0.001). Furthermore, ongoing pregnancy
and live birth rates were significantly higher with 20% intravenous fat emulsion therapy RR = 1.71,
95% CI[1.27,2.32], P=0.005 and RR = 1.85,95% CI [1.44, 2.38], P < 0.001. Despite the statistically
significant differences, the quality of evidence was only considered moderate, and this was primarily
due to high risk of bias in the included RCTs.

Conclusion: Our review provides a moderate level of evidence that intravenous fat emulsion therapy
is effective in improving reproductive outcomes among women with RPL/RIF performing [VF/ICSI
techniques. Further, investigation is required to ascertain optimal dosage and timing of administration.
Relevance for Patients: Women suffering from RPL or RIF may wish to consider discussing with
their reproductive endocrinologist the addition of a 20% fat emulsion therapy to planned IVF or ICSI
cycles, which may improve outcomes.

1. Introduction

Recurrent pregnancy loss (RPL) is the recurrent miscarriage of intrauterine pregnancies [ 1].
Exact definitions vary, but consensus statements by major US and European Obstetrical
groups define RPL as the failure of two or more pregnancies, <12 weeks gestation, which do
not necessarily have to be consecutive [1,2]. Some groups have included the loss of a single
pregnancy in the second trimester to meet this criteria [3], while others require three first
trimester miscarriages to meet their definition [4]. Natural spontaneous miscarriage occurs
in at least 25% of human pregnancies, when pregnancy is detected early and regularly, as
undetected miscarriages are also common [5,6]. Recurrent implantation failure (RIF) refers
to the failure of pregnancy in spite of transferring a healthy embryo after three or more
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in vitro fertilization (IVF) cycles [7]. Kumar et al. [8] established
that the failure of implantation occurs in approximately 10% of
IVF/intracytoplasmic sperm injection (ICSI) cycles.

Many factors can be responsible for RPL/RIF. These include
abnormal embryonic karyotype (41%), uterine abnormalities (5%),
endocrine dysfunction (6%), and antiphospholipid antibody (APA)
syndrome (6%). Furthermore, it is estimated that the 25% of the
time, the cause is unexplained or that 4% of the cases occur from
mixed causes [9]. Different studies have proposed an immunological
explanation for the RIF/RPL phenomenon, especially in those cases
that lack an identified cause [6,10]. There is no consensus whether
the most common cause is the failure of the apposition, adhesion, or
invasion of the placenta into the uterine lining [11]. Immunological
causes suspected to be responsible for RPL/RIF are extensive,
and a full discussion is outside the realm of the present work.
However, commonly suspected abnormalities include T-helper
cells ratio imbalance, the deregulation of T-cells, the deregulation
of dendritic cells, natural killer (NK) cells in the uterus, APA, and
disorders of adaptive immunity and innate immunity, [12]. Various
other biochemical factors have also been investigated, such as
inflammatory mediators and human leukocyte antigens [13].

Accordingly, many immunomodulatory agents have been
studied to reduce RPL/RIF rates. These therapies include low-
molecular-weight heparin, aspirin, intravenous immunoglobulin
(IVIG), corticosteroids, and 20% intravenous fat emulsion
therapy [14-17]. Despite numerous studies, there is no clear
consensus regarding the efficacy of these therapies in improving
different pregnancy outcomes. This includes unclear efficacy
in rates of achieving clinical pregnancy, maintaining ongoing
pregnancies, and effect on live birth rates in patients with RPL
and RIF [18].

Intralipid™ (20% intravenous fat emulsion) is a fat emulsion
solution that consists of soybean oil, glycerin, egg phospholipid,
water, and glycerol [15]. The medication is Food and Drug
Administration approved for the administration of parenteral
nutrition in patients with ingestion problems and is administered
intravenously. It supplies the body with essential fatty acids,
o-linolenic acid, and omega-3 fatty acids [19]. Interestingly,
several studies have reported on benefits of intravenous fat
emulsion therapy outside of the field of parenteral nutrition and
the medications intended indication. These include a reduction in
platelet aggregation, decline in interleukin-2 (IL-2) production,
suppression of NK cell activity, and inhibition of THI1 cell
activity [20]. Clearly, these properties spark an interest in the
efficacy of this medication in the treatment of RPL and RIF.

While there is ample evidence that intravenous fat emulsion
therapy is effective in reducing the production of proinflammatory
cytokines and the production of NK cells [21-23], whether the
medication actually improves outcomes in patients with RPL
and RIF remains unclear. Before embarking on this review, we
found conflicting bodies of evidence, with some studies reporting
improved reproductive outcomes among patients with RPL/RIF
undergoing IVF/ICSI when receiving the 20% intravenous fat
emulsion therapy [24-26], and others failing to show any
significant difference [27-30].

In light of this data, we found that there were sufficient
RCTs performed on this topic to perform a meta-analysis, if the
RCTs on RPL and RIF were combined (There was insufficient
data separately.) Therefore, to see if a true difference exists, we
aimed to design a meta-analysis to assess all of the available data
regarding the effect of the 20% intravenous fat emulsion therapy
on different pregnancy outcomes in women with RPL or RIF
undergoing IVF/ICSI.

2. Materials and Methods

We performed this systematic review and meta-analysis
accurately with the Cochrane Handbook for Systematic Reviews
of Interventions [31]. We reported our findings according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [32].

We performed a computerized search in different databases
(PubMed, Cochrane Library, Scopus and ISI Web of Science,
MEDLINE, and ClinicalTrials.gov) during February of 2020.
We used the following search strategy: (intralipid OR intralipid
infusion OR soybean oil based lipid emulsion) AND (control
OR comparator OR placebo OR saline OR no intervention)
AND (pregnancy OR pregnant OR gestation OR recurrent
pregnancy loss OR recurrent implantation failure OR RPL OR
RIF) AND (clinical trial OR clinical trials OR trial OR random
OR random allocation OR RCT OR randomized controlled trial
OR controlled clinical trial). Two investigators performed the
search strategy. There were no restrictions by language or year
of publication.

Randomized controlled trials (RCTs) were included using this
criteria:

(I) population: Women with RPL or RIF; (II) intervention: the
20% intravenous fat emulsion therapy; (III) comparator: placebo
(normal saline) or no intervention; and (IV) study design: RCTs.
We excluded studies for the following reasons: (1) reviews,
(2) irrelevant studies, (3) letters to editors, and (4) studies whose
data could not be extracted or entered into the analysis. Title and
abstract screening and full-text screening were conducted by
appropriate step by step analysis by the same two authors.

Our data were initially extracted by the two authors on a data
extraction sheet. The extracted data included: list of authors,
year of publication, sample size, and summary of included
studies. In addition, we extracted our primary outcome (clinical
pregnancy rate) and our secondary outcomes (ongoing pregnancy,
miscarriage, live birth rates, and any adverse events of the 20%
intravenous fat emulsion therapy). The category of adverse events
was expanded to include reports of headache, dizziness, flushing,
drowsiness, nausea, vomiting, and sweating.

Clinical pregnancies were defined as confirmation of fetal
cardiac activity through sonography or Doppler, and this was
found to be universally accepted in all included studies. Ongoing
pregnancy was defined as a pregnancy that had reached more than
or equal to 20 gestational weeks. Miscarriage was determined
as spontaneous abortion or pregnancy loss prior to 20 weeks of
gestation. Live birth was defined as the total number of deliveries
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that resulted in a neonate who was born alive, and this ratio was
calculated to 100 embryo transfers.

Two authors evaluated the methodological quality and the
risk of bias in included studies using the Cochrane risk of bias
assessment tool [33]. This tool involves six domains as the
following: selection bias, performance bias (blinding of participant
and personnel), detection bias (blinding of outcome assessment),
attrition bias, reporting bias, and other potential sources of bias.
The authors’ judgment is categorized as “low risk,” “high risk,”
and “unclear risk” of bias. Differences were discussed between the
authors and consensus reached.

In addition, we assessed the methodologic quality of the
evidence among the included studies using GRADEpro™ software.
GRADEpro™ software provides fundamental details regarding
the magnitude of the effect of the interventions examined, and the
sum of available data on main outcomes in a summary of findings
table produced by the software. This information is useful in
examining the quality of evidence.

We pooled the dichotomous data as risk ratios (RR) with the
corresponding 95% confidence intervals (CI) by the Mantel-
Haenszel method. We used RevMan™ software to perform our
statistical analysis. We assessed the statistical heterogeneity
among included studies using I-squared (I?) statistics, and values
of >50% were indicative of high heterogeneity. We utilized a
fixed-effect model, as heterogeneity was not significant in our
selected outcomes.

We could not assess publication bias using the funnel plot
method, and Egger’s test is considered unreliable for less than ten
included studies [34,35].

3. Results
3.1. Results of the literature search

Our search strategy resulted in 283 studies, and 23 articles
were reliable for full-text screening after performing title and
abstract screening. We excluded 18 full-text articles, and finally,
five studies [25-29] matched our inclusion criteria and entered
our final analysis. The PRISMA flow diagram for clarification is
shown in Figure 1.

3.2. Characteristics of the included studies

Five RCTs [25-29] with 840 total patients were included. All
included studies compared the intravenous 20% fat emulsion
therapy versus placebo (normal saline) or no intervention in
women with RIF/RPL undergoing IVF/ICSI. All women included
in the studies were suffering from either primary or secondary
infertility with RPL/RIF and intended to perform IVF/ICSI and
embryo transfer technology. Controlled ovarian stimulation using
different stimulation protocols was used in the included studies
before the randomization process began. The summary of the
included studies is shown in Table 1. All of the included RCTs
used similar protocols for administration of the fat emulsion

Records identified through
database searching
(n=283)

Number of duplicates removed

(n=280)
Screening
Records screened Total records excluded
(n=203) (n=180)

( Eligibility ]

[ Included

Full-text articles assessed
for eligibility

(n=23)

Studies included in
qualitative synthesis
(n=5)

Studies included in
quantitative synthesis
(meta-analysis)
(n=5)

Total Full-texts excluded (n
=18) due to:

Irrelevant studies (n = 4)

Did not meet our inclusion
criteria (n = 8)

Reviews (n = 6)

Figure 1. PRISMA flow diagram of selected studies.
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therapy, which included two or three doses of 2—4 mL of the
20% fat emulsion each diluted in saline, given in the time period
surrounding embryo transfer [25-29]. While these protocols were
similar in timing and dosage, they were not identical.

3.3. Risk of bias assessment

The risk of bias assessment for the included RCTs is shown in
Figure 2. We performed the quality assessment of the included
RCTs based on the Cochrane risk of bias assessment tool.

3.4. Outcomes
3.4.1. Clinical pregnancy rate

The intravenous fat emulsiontherapy was effective in improving
the clinical pregnancy rate when compared to the control group
(RR=1.48,95% CI[1.23,1.79], P<0.001), as shown in Figure 3.

The pooled studies were homogeneous (P = 0.13, I = 45%)).
The quality of evidence was moderate, as shown in Figure 4.

3.4.2. Ongoing pregnancy rate

The intravenous fat emulsion therapy was beneficial in improving
the ongoing pregnancy rate when compared to the control group
(RR=1.71,95% CI[1.27, 2.32], P = 0.005), as shown in Figure 5.
We found homogeneity among the pooled studies (P=0.50, >=0%).
The quality of evidence was moderate, as shown in Figure 4.

3.4.3. Miscarriage rate

We found no significant difference between the intravenous fat
emulsion group and the control group regarding miscarriage rate

® ® | ®|® | ® |incomplete outcome data (attrition bias)

©® ® O | ® | @ blinding of outcome assessment (detection bias)
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Figure 2. Risk of bias summary.

(RR=0.78, 95% CI [0.50, 1.20], P =0.26), as shown in Figure 6.
We found homogeneity among the pooled studies (P = 0.38,
I2 = 0%). The quality of evidence was moderate, as shown in
Figure 4.

3.4.4. Live birth rate

The intravenous fat emulsion therapy significantly improved
live birth rate over the control group (RR = 1.85, 95% CI [1.44,
2.38], P < 0.001), as shown in Figure 7. We found homogeneity
among the pooled studies (P = 0.55, 1> = 0%). The quality of
evidence was moderate, as shown in Figure 4.

3.4.5. Subgroups

As stated previously, there was insufficient data from the RCTs
to perform a subgroup analysis for RPL and RIF separately.

3.4.6. Adverse events

There were no adverse events from the intravenous fat emulsion
therapy administration reported by the included studies.

4. Discussion

Our study demonstrated a significant benefit on pregnancy
outcomes in IVF/ICSI cycles of patients with a history of RIF
or RPL with intravenous fat emulsion therapy. There was higher
incidence of clinical pregnancy, ongoing pregnancy, and live
birth rates in the fat emulsion therapy arm, which was statistically
significant. However, the miscarriage rate did not show a significant
difference between the fat emulsion therapy and control groups.

According to Moffett and Colucci, the prevailing theory for this
difference stems from treatment of a hypothesized dysfunction of
the immune system in the endometrium [36]. It is further theorized
that this dysfunction, including a higher level of NK cell activity,
may be one of the main causes of RPL and RIF. In addition, an
elevated level of NK cell activity may actually be predictive of
future pregnancy loss in subsequent pregnancies in patients who
have RPL/RIF [37]. The theorized mechanisms by which the
intravenous fat emulsion therapy produces its immune modulation
effects include mitochondrial-dependent platelet aggregation
reduction [20], decline in secretion of hepatic apolipoprotein
M and insulin sensitivity amplification [38], alteration in the
composition of the platelets (especially phospholipid membrane
and consequently reduced platelets aggregation) [39], reduced
secretion of IL-2, tumor necrosis factor-o, and IL-1p [21], and
long-standing inhibition of the NK cells activity [23]. Singh
et al. [25] demonstrated that intravenous fat emulsion therapy
may also produce changes in the endometrium that favor the
production of TH2 cytokines and may modify the NK cells to a
phenotype more compatible with pregnancy [25].

Investigations have been performed in the roles of the uterine
(endometrial) and peripheral measurements of NK cells as well
in the treatment of RPL/RIG [16]. Studies performed by Seshadri
and Sunkara [37] originally found a high percentage of NK cells
in the periphery in women with RIF and RPL versus the control
group [37]. However, such a significant difference was not

DOI: http://dx.doi.org/10.18053/jctres.09.202304.23-00060



242 Marchand et al. | Journal of Clinical and Translational Research 2023; 9(4): 236-245
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Figure 3. Forest plot of clinical pregnancy rate.
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Figure 5. Forest plot of the ongoing pregnancy rate.
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Figure 6. Forest plot of the miscarriage rate.

observed when NK cells were measured in uterine samples in the uterine NK cells are detrimental to a newly invading placental
same study groups [39]. Evidence has been presented to show that trophoblast [40,41]. In addition, newer studies have found direct
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Test for overall effect: Z= 4.81 (P < 0.00001)
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Figure 7. Forest plot of the live birth rate.

correlations between certain NK cell receptors and RPL [42].

At present, in the United States, intravenous 20% fat emulsion
therapy is administered by many fertility clinics for patients
with RPL/RIF, especially in the setting of empiric treatment of
suspected fertility-related immunological dysfunction [43,44].
This may be secondary to the high cost of other investigations.
IVIG therapy, for example, is extremely expensive, with a single
course of therapy costing up to $14,000 [43]. In addition, the
efficacy of IVIG for improving pregnancy outcomes (clinical
pregnancy, ongoing pregnancy, and live birth rates) in RPL/RIF
remains unproven. Risks with IVIG administration include the
possibility of anaphylaxis and a low—but possible—risk for
transmission of infections [44]. Thus, many clinicians feel that
intravenous fat emulsion therapy may be safer, in addition, to
being less expensive. There is, however, no universal consensus.
Martini et al., [10] for example, failed to find that fat emulsion
therapy was cost-effective despite an average cost of only
$681.00 for the therapy in their case series. The lack of cost
effectiveness was a result of finding very little efficacy versus
their control [10].

Some of the most compelling evidence for fat emulsion therapy
came from Singh et al., [25] which demonstrated a significant
improvement in clinical pregnancy, ongoing pregnancy, and live
birth rates in women with a history of RIF undergoing intravenous
fat emulsion therapy. The adjusted odds ratio for clinical pregnancy
in the fat emulsion therapy group, compared to placebo, was 3.1,
95% CI [1.02-9.70], P = 0.046. Another RCT, El-Khayat and El
Sadek [26] agreed with these findings by concluding a significant
improvement in clinical pregnancy, implantation, and live birth
rates among women receiving the intravenous fat emulsion
therapy [26]. In addition, Coulam and Acacio [24] proposed an
estimated 61% increase in live birth rates after treatment with
the intravenous fat emulsion therapy in cases of RPL/RIF with
increased NK activity. Moreover, this effect was not different
when compared against a cohort of IVIG.

Several of the analyzed RCTs had different conclusions. Al-
Zebeidi et al. [27] failed to demonstrate a significant difference
between the intravenous fat emulsion and control groups in
terms of clinical pregnancy, miscarriage, and live birth rates.
Similarly, Dakhly et al. [29] did not illustrate any significant
difference in chemical pregnancy among women with RPL after
intravenous fat emulsion therapy (58.3% vs. 50.0%, P = 0.129
for intravenous fat emulsion vs. control group, respectively).
Furthermore, in a recent retrospective study, Lédée et al. [16]

found that there was a benefit to fat emulsion therapy in RIF
patients who exhibited an over-immune activation of uNK
cells. They found an improvement to a 54% live birth rate
with fat emulsion therapy in RIF patients [16]. Gamaleldin
et al. [28] found that fat emulsion therapy did not create any
significant improvement in live birth and clinical pregnancy
rates in cases with RIF, and Cohen ef al. [30] reported a similar
lack of efficacy in patients aged 40—42 years with history of
miscarriage [30].

To the best of our knowledge, this meta-analysis is the first
to investigate the effect of intravenous fat emulsion therapy
on different pregnancy outcomes in women suffering from
recurrent miscarriage or implantation failure. Strengths of our
study include that the characteristics of most of the included
RCTs were extremely similar, with relatively few variables to
control for. Other strengths include our strict adherence to the
PRISMA guidelines and accepted principles of a systematic
review.

Our main limitation was the heterogeneity of inclusion criteria
in some of the included studies, although as stated above, we noted
great similarity in the adhered protocols. Secondary to this increased
heterogeneity, our strict grading of the studies led to a higher than
expected risk of bias. This ultimately resulted in a moderate level of
evidence. As noted in our quality of evidence assessment (Figure 4),
this is almost entirely due to concerns of a lack of proper blinding
of participants and personnel in four of the included studies. This
led to an increased risk of bias and, thus, lowered the quality of our
overall evidence. It is likely that if more well-designed RCTs are
undertaken, this level of evidence would increase, especially if the
researchers were able to specifically document that correct patient
and personnel blinding procedures were followed.

Another limitation of this study was the necessity to combine
the RPL and RIF groups to reach statistical significance among
the included RCTs. A greater wealth of RCTs on this topic would
allow for subgroup analysis or individual analysis to ascertain
exactly which condition, if either, benefits more from fat emulsion
therapies.

Furthermore, complicating our understanding of the usage of
fat emulsion therapy, there is still no universal consensus as to
the mechanism of action of intravenous fat emulsion therapy in
patients with RPL and RIF, which may be limiting the interest in
developing future RCTs. We would also recommend that future
studies could focus on the cost-effectiveness of the fat emulsion
therapy, as this is an important factor for many clinicians.
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5. Conclusion

Our findings show moderate-level evidence that intravenous
20% fat emulsion therapy is effective in improving clinical
pregnancy, ongoing pregnancy, and live birth rates in IVF/ICSI
procedures in women with RPL/RIF. Further RCTs are needed
and improved methodologic evidence quality in those trials would
greatly improve the quality of this recommendation.
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Background: A peer-reviewed meta-analysis methods article mathematically proved that mainstream
random-effects methods, “weights inversely proportional to the estimated variance,” are flawed and
can lead to faulty public health recommendations. Because the arguments causing this off-label
(unproven) use of mainstream practices were subtle, changing these practices will require much clearer
explanations that can be grasped by clinical and translational scientists. There are five assumptions
underlying the mainstream’s derivation of its statistical properties. This paper will demonstrate that
if the first is true, it follows that the last two are false. Ratio estimation, borrowed from classical
survey sampling, provides a rigorous alternative. Papers reporting results rarely fully disclose these
assumptions. This is analogous to watching TV ads with the sound muted. You see high quality of life
and do not hear about the complications. This article is a poster child for translational science, as it
takes a theoretical discovery from the biostatistical world, translates it into language clinical scientists
can understand, and thereby can change their research practice.

Aim: This article is aimed at future applications of meta-analysis of complete collections of
randomized clinical trials. It leaves it to past authors as to whether to reanalyze their data. No blame
for past use is assessed.

Methods: By treating the individual completed studies in the meta-analysis as a random sample from
a conceptual universe of completed studies, we use ratio estimation to obtain estimates of relative risk
(ratio of failure rates treatment: control) and mean differences, projecting our sample value to estimate
the universe’s value.

Results: Two examples demonstrate that the mainstream methods likely adversely impacted major
treatment options. A third example shows that the key mainstream presumption of independence
between the study weights and study estimates cannot be supported.

Conclusion: There is no rationale for ever using the mainstream for meta-analysis of randomized
clinical trials.

Relevance for Patients: Future meta-analysis of clinical trials should never employ mainstream
methods. Doing so could lead to potentially harmful public health policy recommendations. Clinical
researchers need to play a primary role to assure good research practices in meta-analysis.

1. Introduction

As hard as this is to believe, the recent paper, Shuster [ 1], mathematically proved beyond
any doubt that despite being in common use for over four decades, the mainstream methods
of conducting random effects meta-analyses (true individual study-by-study effect sizes
can differ) are unsound and are likely to produce misleading results that could be threats
to public health. It is commendable if you, as a clinical investigator or reader, would be
skeptical of this statement. Needless to say, because Shuster [1] was controversial, it was
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one of the most heavily peer-reviewed biostatistical papers ever,
with review material from nine of nine sources (including three
world-renowned meta-analysts) agreeing with his conclusions.
However, in this article, in a non-technical way, you will be shown
clearly that the mainstream methods rely on five incompatible
assumptions that underlie their validity. This makes the evidence
basis of the mainstream no different than claiming an evidence
basis for off-label usage of a drug. You will be shown that if the first
assumption is true, the last two cannot be true. In one highly cited
example, we show that the mainstream-based claim of efficacy
for an invasive treatment has no scientific basis. In another,
the mainstream methods failed to detect a highly significant
outcome. Had these methods been available and used, the use of
a cardiotoxic type II diabetes drug could have been discontinued
at least 3 years earlier than what actually occurred. We provide
free access to well-documented user-friendly Excel templates to
conduct rigorous analyses of the main research questions. This
paper places no blame on the well-intentioned researchers who
developed these mainstream methods. However, if meta-analysis
is to remain at the apex of “Evidence Pyramids,” it is imperative
that statistical practice should be changed. This paper is needed for
two reasons. First, with the availability of user-friendly software
for the mainstream methods, a high proportion of these analyses
is done without input from biostatisticians or epidemiologists.
Second, changes to statistical practice will not happen overnight.
Readers should be concerned when they read papers using meta-
analysis in the biomedical literature. In short, this is about proven
science, not opinions.

2. Assumptions Underlying the Validity of Current
Mainstream Methods

When methodologists derive analytic procedures, they make
working distributional assumptions that enable them to complete
their work. Every time the procedure is used in practice, these
should be fully disclosed. In a specific application, if any of the
assumptions are wrong, the evidentiary basis of the results is in
jeopardy. Unfortunately, few analytic procedures have adequate
diagnostic tests for their assumptions. In meta-analysis, there
has been little vetting of the robustness of procedures when their
assumptions fail.

“Weighting inversely proportional to the estimated variance
estimation” (aka the mainstream method) is by far the most
common method used in combining data from a complete set of
randomized clinical trials of a research question. These methods
were derived under five assumptions (A1-AS5) below, which must
be true up to strong approximations. These are rarely disclosed
in full, and current software does not provide adequate warnings.
Assumptions Al and A3 are reasonable in most applications.
Assumption A2 is questionable (no adequately powered diagnostic
test exists for it). Unfortunately, even if Assumption Al is true, it
follows that Assumptions A4 and A5 are false. This leaves open
the strong likelihood that past meta-analyses may have reached
unsupportable conclusions, possibly contributing to inappropriate
public health recommendations.

Al: The true primary effect sizes for each study are drawn
independently from a single large “urn” of primary effect
sizes. This assumption tells us we are targeting the unweighted
mean of all studies in the urn.

A2: The true primary effect sizes in the urn follow a normal (bell-
shaped) distribution whose unweighted mean is the target
parameter of interest.

A3: The individual study provides an unbiased estimate of its
study-specific true primary effect size and has an approximate
normal distribution about its true primary effect size.

A4: Up to a strong approximation, the weights are “constants”
rather than seriously random variables. In other words, if
you repeat the total experiment under the same Assumptions
A1-A3 and the same urn, this assumption presumes you
obtain identical weights up to a strong approximation. This
assumption is mandatory to use the formulas for the mean and
standard error in the mainstream methods but will be shown
to be false under Assumptions A1-A3. More on this below.

AS: There is no association between-study weight and study true
effect size. For example, if big studies tend to have higher
(lower) effect sizes than smaller studies, the method will tend
to overestimate (underestimate), respectively, the overall
effect size. This could lead to unacceptable bias.

3. How Mainstream Weighted Random Effects Methods
Work

The “variance” for the estimates of effect size for each study
consists of two components, the reasons why its individual study
estimate of effect size differs from the true mean of the effect sizes
in the urn: (a) Within-study variance, which is estimated under
Assumption A3 and (b) Between-study variance, which is the
variance of the true effect sizes in the urn, per Assumptions Al
and A2. The first component (a) depends on the accuracy of the
within-study estimate and varies from study to study. The second
component (b) is the same for all studies. The overall estimate is the
weighted average of the individual study estimates with weights
inversely proportional to the study’s estimated variance, which is
the sum of the estimated within-study variance and the estimated
between-study variance. If all five assumptions were true, these
weights would minimize the standard error of the estimate of the
overall effect size, over all choices of weights that sum to one (a
requirement for unbiasedness). Note that all other things being
equal, larger between-study variance pushes the weights closer
to equal weights and smaller between-study variance pushes the
weights closer to fixed effects.

4. Why Assumption A4 is False

What this assumption requires is that if we repeat the experiment
under Assumptions A1-A3, the resulting weights will be the same
up to a strong approximation.

Imagine a meta-analysis where we independently generate
the data twice under Assumptions A1-A3. Clearly, the true study
effect sizes for these two repetitions are sure to differ. It follows
that the diversity (sample variance) of these true effect sizes will
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differ. All things being equal, the one with the greater sample
variance in true effect sizes will have weights closer to equality
than the other, thanks to a larger between-study variance. As a
concrete example, when the number of studies combined is eight,
there is a 61% probability that one sample variance for these true
effect sizes will be at least 50% higher than the other. Assumption
A4 requires these to be the same to a near certainty. The derivation
of the 61% figure is in the Appendix for those with biostatistical
expertise. The between-study variance is a major determinant of
the weights and clearly differs between repetitions of obtaining
the meta-analysis data under Assumptions A1-A3.

Support for the fact that weights are seriously random variables
comes from an unlikely source, lead developer of perhaps the
most popular software product for this subject, Comprehensive
meta-analysis (CMA), Borenstein [2], who states this assumption
in Section 7.4.3, “The studies that were performed are a random
sample from the universe.” This concedes the point that mainstream
weights, which are functions of the studies, are seriously random
variables, not constants. This potentially invalidates the claims
of no bias in the overall effect size estimate and legitimacy of
confidence intervals and P-values.

In short, the mainstream relies on theory that was never
intended for this type of application and as such, the distribution
theory is used off label.

5. Why Assumption AS is False

This one should be clear from the fact that the weights are
determined by the variances (diversity) of the effect sizes. The
more diverse the true study-specific effect sizes are (Assumptions
A1-A3), the closer the weights are to being equal. In short, the
mainstream weights are in part determined by the effect size
estimates rendering the claim of independence untrue.

6. Why Assumption A2 Should Not be Trusted

Assumption A2 presumes that the true effect size for each study
is drawn from the same urn and has a normal distribution. This
implies that on average, the true study-specific effect sizes are the
same regardless of study design. There is no adequately powered
diagnostic test that can prove with reasonable certainty that this
is true. For example, as shown by Shuster [1], any non-zero
correlation between weight and effect size will bias the overall
estimate of effect size and invalidate its standard error formula.
Further, there is no adequately powered diagnostic test that can
prove with reasonable certainty that the individual true study-
specific effect size follows a normal distribution.

7. How Ratio Estimation Works

Our inferential framework is identical to that of randomized
clinical trials. The role of patient in the clinical trial is played
by study in the meta-analysis. The following is a quotation from
Shuster [1], “A meta-analysis (clinical trial) inference is based
on the sample of studies (patients) in the meta-analysis (clinical
trial) as a conceptual random sample of past, present, and future
studies (patients), drawn from a large target population of studies

(patients) with the same eligibility criteria. The inference is to this
target population.”

Our universe is a large conceptual population of completed
studies and the actual studies are a conceptual random sample
from this universe. Our inference is to the target parameter in the
entire conceptual population. Our estimate is the corresponding
value in the sample of studies in the analysis. The target metric
simply projects what the relative risk (or difference in means
or difference in proportions) would be if all patients received
the experimental therapy versus that if all patients received the
control therapy. This framework is different from the mainstream,
and hence, it is important to note that the ratio method targets a
different population parameter than the mainstream.

Note that this setup can accommodate any distribution of means
or proportions for the two treatment arms, making it a model-free
random effects framework for meta-analysis. The mainstream
imposes severe restrictions through its five Assumptions A1-AS5.

7.1. lllustration for relative risk (risk ratio)

For each study in the universe, if we had the number of failures
on each treatment (experimental and control), we could project
the number of “failures” that would occur if every subject was
in the experimental group (control group), respectively. For each
individual study, this would be the total sample size (treatment +
control) for the study multiplied by the proportion failing in the
experimental group (control group), respectively. For example,
in the first study in Table 1, we see that the experimental group
had two failures in 26 patients, while the control group had one
failure in 26 patients. We project that if all 52 subjects had gotten
the experimental treatment, we would project that we would have
had 52(2/26) = 4 failures. Similarly, we would project that if all
patients had received the control, we would project 52(1/26) =
2 failures. Note that projections need not be whole numbers. If,
for each treatment, we added the projected number of failures
for all studies in the universe and take the ratio that would
yield the projected true relative risk: Projected # failing in the
universe (experimental group) divided by Projected # failing in
the universe (control group). The corresponding projected ratio
in the actual conducted sample of completed studies gives us the
estimate. Technical notes: The confidence intervals and P-values
are derived using the natural logs of the ratio and back converting
the confidence interval using natural antilogs. The Users’ guide

Table 1. Neto et al.[4] example for relative risk

Study# Deaths on RX N (Rx) Deaths on control N (Control)
1 2 26 1 26
2 3 23 2 13
3 27 163 69 212
4 13 558 15 533
5 24 76 23 74
6 3 154 1 75
7 1 75 2 74
8 0 50 1 50
9 1 20 1 20
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and Excel software do all calculations for you automatically if you
enter the tabular data analogous to Table 1.

7.2. lllustration for a difference in means or proportions

For each study in the conceptual universe, we project the
difference in its totals if all patients received treatment less than if
all patients were controls as the difference in means (or proportions)
multiplied by the total sample size (treatment + control). The target
population projection adds these up for all studies in the universe
and divides this total by the total number of patients in the universe
of all conceptually completed studies. The estimate is simply the
corresponding value in our sample. If you refer to the difference in
means data from the second example in the users’ guide, second
study, you will note that the experimental group had a sample mean
of —3.0 in 42 patients while the control group had a sample mean
of —2.5 in 51 patients. This makes the projected mean difference
of —0.5 (experimental minus control) in 93 patients for a projected
total of —0.5%93 = —46.5. The Users’ guide and Excel software do
all calculations for you automatically if you enter the tabular data
analogous to this example in the User’s Guide.

8. How Equal Weighting Works

We do not advocate equal weighting, but it can give us important
insight into the credibility of analyses that use mainstream
weights. We use the same methods as the mainstream to calculate
the estimate and standard error but use equal weights instead of
mainstream weights.

9. How Statistical Inference is Done

For any form of meta-analysis, including the mainstream, to
obtain point estimates, confidence intervals, and P-values, the
following approximations are used: The standardized difference,
the difference between the overall estimate of effect size and the
true global mean effect size, divided by its standard error of the
estimate is obtained.

a. The mainstream uses a standard normal approximation,
although the package CMA now has an option to use a
T-approximation with degrees of freedom equal to the number
of studies being combined less one

b. The ratio estimation method uses a T-approximation with
degrees of freedom equal to the number of studies being
combined less two

c. The equally weighted method uses a T-approximation with
degrees of freedom equal to the number of studies being
combined less one.

More on these approximations will appear in the discussion.

10. Numerical Examples

We shall provide three illustrations, one for the primary
published relative risk of an invasive intervention, one for the
myocardial infarction data of Nissen and Wolski [3], and one
from a submitted article that incorrectly reported one odds ratio.
The correction did not affect within-study variance estimators, but
dramatically impacted the weights, demonstrating that weights

and effect size estimates, contrary to Assumption A5, cannot be
presumed to be independent.

10.1. Example 1: Relative risk

Neto et al. [4] ina highly cited meta-analysis of randomized
trials found a benefit in their invasive intervention over the
control for their primary outcome, total mortality. Table 1
provides the published numerators and denominators for each
of the contributing studies, while Table 2 provides the results
(i) as published, (ii) doubling all numerators and denominators,
(iii) equally weighted, and (iv) by the method of Shuster [1]. As of
11/2022, this Journal of the American Medical Association paper
has been cited 877 times.

Table 2 vyields surprising results. Intuitively, doubling all
numerators and denominators which keep the study-by-study
estimates (signals) the same, but would diminish the noise (standard
errors) within each study by a factor of about 30%, should yield a
more significant result. Why would the confidence interval for the
overall estimate of effect size grow by 15% while losing the significant
finding, with the P-value becoming 0.15 instead of 0.013? This is
indeed a red flag that will be clarified in the discussion. Neither the
equally weighted nor the Ratio estimate produces definitive results
on efficacy. In this case, this published result affected public health
policy based on an off-label use of statistical methodology.

10.2. Example 2: Rosiglitazone and increased myocardial
infarction risk

In their publication, Nissen and Wolski [3] used a fixed-effects
method, even though the combined trials were highly diverse in
terms of control groups, eligibility, duration and dose of treatment,
and duration of follow-up. They used odds ratios instead of relative
risk, the preferred metric. When event rates are low, the distinction
is minor. Table 3 contrasts the results of mainstream methods, the
published result of Nissen and Wolski [3], with those of Shuster [1],
for relative risk. The Nissen and Wolski published that confidence
interval excludes the neutral value of 1.00 but includes clinically
insignificant values close to 1.00. Had ratio methods been available,
a full ban on rosiglitazone might have occurred in 2007, thanks
to the fact that the confidence interval includes only clinically
significant increased risk for rosiglitazone. Although sales dropped
from over $2 billion in 2007 and beyond, a large volume of sales
continued for years afterward. As late as 2010, annual sales totaled
almost $700 million. Several other nations did not ban the drug until
2010 or 2011. To further confuse the situation in 2007, Diamond
and Kaul [5] published a non-significant mainstream analysis
which may have slowed the decline at the additional human cost of
cardiac events. The Nissen and Wolski [3] New England Journal of
Medicine publication is one of the most cited meta-analysis reports,
with 5908 citations as of 11/2022.

10.3. Example 3: From a peer-review of a submission to a major
medical journal

The crux of this six-study observational example is that a peer-
reviewer discovered that the odds ratio estimate in one of the
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Table 2. Results for data in Table 1

Method Estimated relative risk P-value: two-sided Ratio of 95% confidence
RX: control (95% CI) lengths method: Inv Var
Mainstream weights (Published) 0.71 (0.55, 0.93) 0.013 1.00
Double numerators and denominators 0.78 (0.56, 1.09) 0.15 1.15
Equally weighted 0.82 (0.54-1.26) 0.33 1.38
Ratio (Survey sampling) 0.70 (0.44, 1.11) 0.11 1.49
Table 3. Nissen and Wolski re-analysis for myocardial infarction relative risk for rosiglitazone
Method Estimated relative risk P-value: Ratio of 95% confidence
RX: control (95% CI) two-sided lengths method: Inv Var
Mainstream Weights (RR) 1.28 (0.94, 1.75) 0.12 1.00
Ratio (Survey Sampling) (RR) 1.41 (1.14, 1.75) 0.0026 0.82
Nissen and Wolski (OR) 1.43 (1.03-1.98) 0.032 1.03

studies was wrong, and the actual odds ratio was 1/reported odds
ratio. The generic data are given in Table 4 below. The reported
estimated odds ratio of Study 4 was 0.78 when in fact it was 1.28.
This occurred in the largest study in the meta-analysis (62% of the
subjects) and pushed its estimated odds ratio from near the center
of the original meta-analysis to close to being the largest estimated
odds ratio. This resulted in a substantial increase in the between-
study variance estimate. According to Assumption A1, this came
from a single “draw” from the urn that affected the between-study
variance estimation. Contrary to Assumption A5, the impact of
the effect size change upon the weights was dramatic: Under the
original scenario, the weight for this study was 23.3%. Under the
corrected data, it dropped to 19.7%, and weights for the other five
studies also changed. Note that equal weighting would assign
16.7% weight to each of the six studies. The change of one effect
size estimate altered its weight by 3.6% or about half of the way
from its original weight to equal weights. Therefore, the value
of the study mean effect sizes drawn from the urn (A1) impacts
the between-study variance estimate, and hence, Assumption A5
cannot be trusted. Note also that sample size weights can be vastly
different from mainstream weights (study 4 had 62% of patients,
but 19.7% weight for the mainstream).

11. Discussion

Despite 48 years of practice, the mainstream method for
weighted random effects meta-analysis should not be used in
the future. “Bayes” methods also have some of the same issues
(sample sizes are random variables not constants, and associations
between sample size and effect size will produce bias).

11.1. Assumptions underlying inferences for the three methods

(a) For the standardized difference, mainstream methods rely
on a “normal distribution” that in addition to Assumptions Al-
AS, presumes that the number of studies is large enough to utilize
the standard normal distribution. (b) The ratio method relies on
the single assumption that the number of studies is large enough
to apply its large sample T-distribution, with degrees of freedom
equal to the number of studies less two, to its standardized

Table 4. Generic data from submitted article to a major journal

Study Group A events Group B events Estimated odds
#Yes/#No (Odds) #Yes/#No (Odds) ratio (calculated)

1 14/225 (0.062) 245/1599 (0.153) 0.41

2 46/489 (0.094) 453/2570 (0.176) 0.53

3 90/551 (0.163) 625/2355 (0.265) 0.62

4 594/2204 (0.270) 3198/15218 (0.210) 1.28

5 42/342 (0.123) 97/806 (0.120) 1.02

6 22/277 (0.079) 107/1872 (0.057) 1.38

difference. Within-study approximations are not relevant. Studies
with zero events on one or both arms are included. Continuity
corrections are unnecessary and never made. (c) The equally
weighted method relies on the single assumption that the number
of studies is large enough to apply its T-approximation, with
degrees of freedom equal to the number of studies less one, to
its standardized difference. Within-study approximations are not
relevant.

11.2. Assumptions behind the ratio method

There are no assumptions except for (b) above. Shuster
et al. [6] vetted the approximation for relative risks, when the
number of studies ranged from 5 to 20, with nearly 40,000
diverse scenarios, each replicated 100,000 times. The coverage
of the 95% confidence intervals was consistently close to
95%. However, the corresponding coverage using the less
conservative normal approximation was generally well below
95%. This should be a warning that the mainstream coverage
of their purported 95% confidence intervals is suspect when the
number of studies being combined is in the 5-20 range. The
vetting of differences in means and proportions is more difficult
and needs independent funding with supercomputers to properly
vet. For these studies, a limitation is needed in any paper with
fewer than 20 studies.

The first two numerical examples demonstrate the dangers of
relying upon the mainstream methods. The first is counterintuitive
while the second illustrates that estimation bias in the mainstream
is a real threat to getting a conclusive result.
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Shuster [1] reported on a small sample of 32 highly cited past
meta-analyses that used mainstream methods for relative risk and
found major disparities in eight (25%). It is fortunate that this is
not higher, but this is not good enough for trust in mainstream
methods.

An analysis of the 31 of these studies reported in Shuster ez al. [6]
and Shuster and Walker [7] (the 32" study’s reanalysis had a few
studies added but trended as the 31 we analyzed) also dispel the one
remaining scientific as opposed to traditional reasons for using the
mainstream: The mainstream might produce on average narrower
confidence intervals. If you analyze the natural logs of the ratios of
the lengths of the confidence intervals (the traditional way to analyze
non-negative ratios) and treat the studies as a random sample of
highly cited meta-analyses, we obtain an estimate of the population
ratio of widths (Mainstream: Shuster) of 1.10 (Mainstream wider)
with 95% confidence interval from 0.93 to 1.29. The mainstream
plausible mean in the total population of such potential reanalysis
ranges from slightly shorter to substantially longer.

Further, due to mainstream proponents’ concerns about its
normal approximation, newer versions of CMA have added a
t-option (degrees of freedom number of studies less one) that
can be used instead of the normal approximation. When we
replaced the normal with the t, the new mainstream methods were
significantly less accurate than the survey-based method. For
our sample of 31 meta-analyses, in the log scale, the mainstream
averaged 30% wider than the survey-based methods, with 95%
confidence interval from 9% wider to 54% wider. This is yet
another strong reason not to use the mainstream.

Note that diagnostic test information, such as Cochran’s Q,
I, and Egger’s test for selection bias, as described in Borenstein
et al. [8] is not relevant to the validity of Shuster [1].

Shuster et al. [6], with a substantial number of simulations,
found that when the target population relative risks in the two
universes were the same (ratio and equal weighting), the ratio
method had an average confidence interval length reduction of
about 10% compared to equal weighting.

11.3. The mainstream s moving target

Suppose we have a sequence of meta-analyses where the
urns described for obtaining the true study-specific effect sizes
(Assumption A1) are identical, but each member of the sequence
has within-study variances of 90% of the previous member of
the sequence. Under the mainstream model, all of these meta-
analyses have the same true effect sizes, namely the unweighted
mean effect size in the urn. The true mainstream variance of the
global effect size estimate is the sum of its between-study variance
(Same for all members in the urn) and the within-study variance
(which will shrink toward zero as you get later into the sequence).
Thus, the mainstream estimates will become closer and closer to
the unweighted estimator as we get further into the sequence. You
therefore cannot rule out an artifact of where you might be in the
sequence for any meta-analysis where the qualitative conclusions
of the mainstream differ from the unweighted (one significant and
one not). The Neto et al. [4] example is one case of this, but this

is a very common occurrence. Note that if Assumption A4 is false,
every weighted combination is estimating a different overall target
population mean, and the mainstream analysis of the sequence
will push the overall estimate toward targeting the unweighted
mean in the urn. The key question when looking at the difference
between the mainstream point estimate and the unweighted point
estimate is whether it is simply sampling error or is it bias induced
by failure of Assumption A5 (that the presumption that weights
and effect sizes are uncorrelated is false). There is no way to be
sufficiently certain, as there is no adequately powered statistical
test that can prove the lack of such a correlation.

Note that the phenomenon of seeing two sets of data with the
same signals but noise level of the second reduced by a common
factor and turning the result from significant to not significant
cannot occur in the common statistical methods: t-tests, analysis of
variance or covariance, regression, logistic regression, frequency
tables, or Cox regression (survival analysis).

11.4. Recommendations for meta-analysis of clinical trials with
tabular data

(1) Use random effects rather than fixed effects; (2) With fewer
than five studies, do a Systematic Review, not a formal meta-analysis,
since the large sample distribution of the estimates should not be
trusted; (3) with 5-20 studies, issue a limitation that the number of
studies is small with a caveat on successful vetting for relative risk;
(4) use Shuster [1] until new methods become available; (5) if you
have individual patient data, note that the off-label implications for
the mainstream for tabular data may or may not apply to individual
patient data. Shuster [1] can still work if any of Assumptions A2,
A4, and A5 are used in the individual patient analysis, potentially
endangering its evidence base; (6) a biostatistics group with access
to supercomputers should conduct large simulations along the lines
of Shuster et al. [6] for the robustness of the T-approximation of the
survey sampling method for differences in means or proportions; (7)
a parallel width of confidence interval comparison on mainstream
versus survey sampling should be done, and (8) if you have
published a meta-analysis that had a substantive influence on public
health policy, consider conducting an equal weighted analysis on
the log of the relative risks or differences in means or proportions to
see if this new analysis supports your original conclusions. If they
do not, consider writing a report, using the recommended methods
of Shuster [1].

12. Conclusion

Based on a reasonable fear gleaned from examples 1 and 2, the
continued use of the mainstream methods is threatening to public
health interests. In example 1, despite the published mainstream
inference, there is no evidence that a widely used invasive
intervention is effective. Example 2 had the survey sampling
method been available and utilized, and the use of rosiglitazone
in Type II diabetes would likely have been eliminated far earlier
than what occurred, saving a substantial number of cardiac events
from happening. Other similar misjudgments stemming from the
mainstream methods are all but certain to occur in the future.
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Biostatisticians accept the fact that an unlucky dataset can yield
misleading results, but they cannot accept misleading results
caused by the use of off-label statistical methodology.
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APPENDIX

(A) How to obtain free software:

To obtain free quality assured software to help you analyze a
collection of randomized clinical trials, download, and save the
three files from the Website
https://biostat.ufl.edu/research/faculty-developed-software/

There is a user-friendly User’s Guide and two Excel templates, one
for relative risk and one for differences in means and proportions.
There are two real worked examples that guide you through the
data input and interpretation of the results.

(B) This part of the appendix is for readers with some
statistical training:

Quantification of the randomness of the between-study variance,
a key component of the weights

Suppose we look at the true between-study variance in the urn
(Assumption A1) denoted by o2 and suppose “an informer” had the
true study-specific effect sizes for the completed studies in the meta-
analysis. Suppose she denotes the unweighted sample variance of
two independent repetitions of these true study-specific effect sizes
by sz (j= 1,2) and provides us only with this value. Absent additional
extraneous information, sz (j = 1,2) are each optimal estimates of its

between-study variance (minimum variance unbiased) per Shuster
[9]. It is superior to (less random) than the mainstream estimate
of o2 It follows from Assumptions Al and A2 that (M-1) Sj2/02
are independent and have Chi-square distributions with degrees of
freedom (M-1) where M is the number of studies being combined.
The ratio F = S%/S * has a central F-distribution with degrees of
freedom M-1 for both the numerator and denominator.

A meta-analysis of eight studies would have a 61% chance
that the larger of the two sample variances would be at least 50%
larger than the smaller. The between-study variance is therefore a
seriously random variable making the mainstream weights, which
rely heavily on the between-study variance, seriously random
variables. The mainstream reliance on the weights being near
constants is not supportable.

Why the ratio estimates are expected to perform well in their
target population

The relative risk and difference of means and proportions are
calculated as the ratio of sample means. Both the numerator and
denominator are optimal (i.e., nonparametric minimum variance
unbiased estimators per Shuster [9]) for their corresponding
population parameter.
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Background and Aim: Atherosclerosis is considered to be a systemic disease; however, evidence
exists on the heterogeneous nature of atherosclerotic disease. To date, continuous research seeks to
determine the morphological differences between carotid and coronary artery disease. This study
aimed to evaluate the relationship of morphological characteristics assessed by virtual histology
intravascular ultrasound (VH-IVUS) between carotid and coronary plaque composition among
patients with and without a history of cerebrovascular events.

Methods: This study was a single-center prospective study (n = 100; age 69.6 = 8.4). All patients were
scheduled for carotid or coronary artery stenting and underwent VH-IVUS examination of the carotid
and coronary arteries before intervention.

Results: There was a modest, but statistically significant correlation between the carotid and coronary
necrotic core ([NC] r = 0.46, P < 0.01), fibrofatty ([FF] r=0.38, P < 0.01), dense calcium (r = 0.56,
P <0.01), and fibrous (r = 0.42, P < 0.01) plaque composition. The high amount of NC was detected
in both arteries of the carotid artery stenting (CAS) group with higher proportion in the coronary
artery (20.2% £ 9.4% vs. 22.7% + 6.8%, P = 0.02). More fibrolipid content was observed in carotid
plaque compared to coronary (19.6% + 9.9% vs. 12.2% + 8.1%, P < 0.01). Patients with a history of
cerebrovascular events had a numerically greater proportion of necrotic tissue in the carotid artery
compared to asymptomatic and symptomatic CAS group patients (23.5% + 10.7% vs. 18.9% = 8.2%
and 18.7% + 9.5%, P=0.11).

Conclusion: The percentage of all analyzed plaque components was moderately correlated between
coronary and carotid artery plaques. Nevertheless, the proportion of NC plaque tissue was greater in
the coronary arteries, while the carotid arteries showed more %FF atherosclerotic lesions. CAS group
patients with a history of cerebrovascular events had a tendency of greater proportion of necrotic
tissue in analyzed carotid plaques compared to others in the CAS group.

Relevance for Patients: In this study, we found that patients with a history of cerebrovascular event
had a tendency of increased NC content in culprit lesion of carotid artery. Complementary use of non-
invasive and invasive imaging modalities allows to detect high-risk atherosclerotic plaques and adjust
treatment strategy.

1. Introduction

Atherosclerosis is a chronic systemic inflammatory disease affecting the arterial wall
throughout the human body. Common clinical manifestations are ischemic cardiovascular
events, such as cerebrovascular accidents and myocardial infarctions, which are the results
of atherosclerotic changes in the extracranial carotid and coronary arteries. Associations
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between carotid atherosclerotic changes and the extent and
severity of coronary artery disease (CAD) are well-known [1-4].
Virtual histology (VH) is an established technique that allows for
the in vivo assessment of plaque composition [5]. As such, VH
intravascular ultrasound (VH-IVUS) provides information about
plaque features, such as necrotic core (NC) tissue, which among
others characterize the so-called vulnerable plaque [6]. VH-IVUS
allows to assess coronary plaque composition and to detect thin
cap fibroatheroma which, along with the degree of plaque burden,
is predictors of adverse outcome [7,8].

The aim of the present study was to evaluate the relationship
of morphological characteristics assessed by VH-IVUS between
carotid and coronary plaque composition among patients with a
history of cerebrovascular accidents and subjects without a prior
adverse event.

2. Study Design

This was a single-center and cross-sectional study performed at
the Latvian Center of Cardiology, Pauls Stradins Clinical University
Hospital. Study participants were consecutive patients referred to
the center with symptoms of ischemia (cerebral or cardiac) for
invasive diagnosis of artery disease. After coronary/carotid artery
angiography, patients were scheduled for percutaneous coronary
intervention (PCI) or carotid artery stenting (CAS). Based on this
qualification, all patients were divided into two groups: The CAS
and PCI group. Indications for this procedure in the CAS group
were stenosis >60% in the ipsilateral carotid artery in patients
with current symptoms, a history of cerebrovascular event, or
hemodynamically significant stenosis (=75%) in asymptomatic
patients. In the PCI group, patients with hemodynamically
significant coronary artery narrowing were scheduled for PCI.
All patients had atherosclerotic lesion with <50% narrowing in
other vascular bed (non-culprit) and no other lesions requiring
revascularization. Both, the culprit and non-culprit lesion, were
selected for VH-IVUS analysis. The study included 78 patients
who underwent CAS and 22 patients who underwent PCI. Patients
inthe CAS group were categorized in asymptomatic, symptomatic,
and history of cerebrovascular event subgroups. PCI group was
divided into stable angina and asymptomatic patients. The study
was approved by the Local Ethics Committee, and all subjects
provided informed written consent.

2.1. VH

All patients underwent VH-IVUS examination of coronary
and carotid plaques. Under fluoroscopy, an IVUS catheter (Eagle
Eye™; Jolcano Therapeutics Inc.; CA, USA) was positioned in the
carotid artery and then in the coronary artery. The IVUS catheter
was pulled back at a continuous speed of 0.5 mm/s from the distal
part of the carotid or coronary artery. The length of the pullback
segment varied according to plaque length. The pullback was
initiated 10-20 mm distal to the plaque and terminated 10-20 mm
proximal to the plaque. In the carotid artery, if a cerebral protection
device was used, the IVUS pullback catheter was positioned on the
cerebral protection device wire. For CAS procedures, but not for

carotid artery imaging with [IVUS in the absence of intervention [9],
distal protection devices (Spider, EV3; Filter wire EZ, Boston
Scientific; Emboshield, Abbott) were used.

2.2. Statistical analysis

Continuous data are represented as mean =+ standard
deviation, whereas categorical data were expressed as
numbers or frequencies of occurrence. For the categorical
data analysis, we used a Chi-square test. For the continuous
data, we first assessed normality using visual inspection of a
normal probability plot and a formal test, the Shapiro—Wilk
test. Differences between carotid and coronary VH-IVUS
findings were analyzed using a non-parametric related samples
test, the Wilcoxon signed-rank test, and a parametric paired
samples t-test. Pearson’s correlations were used to assess the
relation between carotid and coronary atherosclerotic plaque
components. Two-way analysis of variance test was used to test
for the main effects of each independent variable, as well as
the interaction effect between them. All statistical analyses were
performed using the IBM SPSS software package (IBM SPSS
Statistics 22.0, Chicago, IL, USA). P < 0.01 was considered to
indicate statistical significance.

3. Results

A total of 100 patients were enrolled in this study, and VH-
IVUS examination was performed on the carotid and coronary
arteries. In the CAS group, the mean age between asymptomatic,
symptomatic, and with a history of cerebrovascular events
patients varied from 67 to 69 years, and predominantly more
men were present in each group. Furthermore, the SYNTAX
score for each CAS subgroup is shown in Table 1. Overall,
baseline clinical characteristics of the study population are
shown in Tables 1 and 2.

Table 3 summarizes the VH-IVUS characteristics of the
analyzed carotid and coronary artery plaques in the CAS group.
Carotid arteries were larger according to the analyzed VH-IVUS
parameters and had a higher plaque burden and necrotic tissue
percentage in analyzed arteries compared to coronary arteries.
The analyzed segment length did not differ between the coronary
and carotid arteries (17.1 + 9.9 mm and 15.8 + 8.3 mm, P = 0.26).

Procedural and VH-IVUS characteristics of the PCI group are
shown in Table 4.

VH comparison between carotid and coronary arteries is shown
in Table 5. The analyzed segment of the carotid artery had a lower
percentage of necrotic tissue and calcium, but a significantly
higher percentage of fibrolipids. The percentage of fibrotic tissue
did not differ among the analyzed vascular beds.

The analyzed segments showed moderately positive, statistically
significant correlations among the analyzed vascular beds — NC
(r = 0.46, P < 0.01), fibrotic tissue (r = 0.42, P < 0.01), fibro-
fatty tissue ([FF] r = 0.37, P < 0.01), and dense calcium tissue
([DC] r = 0.56, P < 0.01). The correlation between carotid and
coronary plaque composition of all analyzed lesions is displayed
in Figure 1.
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Table 1. Baseline characteristics of CAS group

Characteristic Asymptomatic, n=31 Symptomatic, n=32 H/O cerebrovascular event, n=15 P-value
Age, years 69.26+8.36 69.63+8.64 67.27+9.15 0.17
Body mass index, kg/m? 27.0543.61 27.5545.64 28.37+3.81 0.44
Gender
Male, n (%) 23 (74.2) 18 (56.3) 10 (66.7) 0.32
Female, n (%) 8(25.8) 14 (43.8) 5(33.3) 0.32
Analyzed artery
Left internal carotid artery, n (%) 15 (48.4) 17 (53.1) 9 (60.0) 0.76
Right internal carotid artery, n (%) 16 (51.6) 15 (46.1) 6 (40.0) 0.76
Left anterior descending coronary artery, n (%) 16 (51.6) 13 (40.6) 8(53.3) 0.60
Left circumflex coronary artery, 7 (%) 8(25.8) 6(18.8) 2(13.3) 0.59
Right coronary artery, n (%) 7 (22.6) 13 (40.6) 5(33.3) 0.31
SYNTAX score 17.66+4.42 16.32+5.42 19.51+3.68 0.78
Smoking
Active smoker, 1 (%) 2(6.5) 3094 4(26.7) 0.12
Former smoker, n (%) 9 (29.0) 8 (25.0) 4(26.7) 0.94
Non-smokers, 7 (%) 11 (35.5) 17 (53.1) 5(33.3) 0.27
Diabetes mellitus, n (%) 7 (22.6) 9(28.1) 5(33.3) 0.73
Dyslipidemia, 1 (%) 30 (96.8) 31(96.9) 15 (100) 0.78
Arterial hypertension, n (%) 26 (83.9) 27 (84.4) 15 (100) 0.25
Myocardial infarction, 7 (%) 12 (38.7) 11 (34.4) 6 (40.0) 0.91
PCI in history, n (%) 12 (38.7) 12 (37.5) 4(26.7) 0.71
Peripheral arterial disease, n (%) 15 (48.4) 8 (25.0) 7 (46.7) 0.12
Familial history of cardiovascular disease, n (%) 7 (22.6) 3094 5(33.3) 0.15
Atrial fibrillation
Permanent, (%) 6(19.4) 6(18.8) 3(20.0) 0.99
Paroxysmal, (%) 1(3.2) 4(12.5) 4(26.7) 0.06
None, (%) 23 (74.2) 22 (68.8) 8(53.3) 0.36

CAS: carotid artery stenting, PCI: Percutancous coronary intervention
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Figure 1. Correlation between carotid and coronary plaque composition in study patients. Correlation of: A) necrotic cores, B) calcified tissue, C)
fibrolipidic tissue, and D) fibrotic tissue among carotid and coronary arteries.

Patients with history of cerebrovascular event had a tendency percentage of fibrolipids in carotid artery plaques. Fibrotic tissue
toward a higher percentage of necrotic tissue and a lower and calcium in the carotid artery did not differ between patients
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Table 2. Baseline characteristics of PCI group

Characteristic Stable angina (n=16) Asymptomatic (n=6) P-value
Age, years 69.47+8.31 67.27+8.60 0.42
Body mass index, kg/m? 27.594+3.83 28.134£3.95 0.50
Gender

Male, n (%) 8(50.0) 1(16.7) 0.21

Female, n (%) 8(50.0) 5(83.3) 0.21
Analyzed artery

Left internal carotid artery, n (%) 12 (75.0) 3(50.0) 0.31

Right internal carotid artery, n (%) 3(18.8) 3 (50.0) 0.35

Left anterior descending coronary artery, n (%) 5(31.3) 2 (33.3) 0.40

Left circumflex coronary artery, 7 (%) 3(18.8) 1(16.7) 0.88

Right coronary artery, n (%) 7 (43.8) 3(50.0) 0.64
Smoking

Active smoker, 1 (%) 3(18.8) 0(0.0) 0.25

Former smoker, 1 (%) 1(6.3) 1(16.7) 0.45

Non-smokers, 7 (%) 12 (75.0) 4 (66.7) 16
Diabetes mellitus, 7 (%) 2 (12.5) 2(33.3) 0.26
Dyslipidemia, 1 (%) 16 (100) 6 (100) n/a
Arterial hypertension, n (%) 15(93.8) 6 (100) 0.53
Acute cerebral event in history, n (%) 7 (43.8) 1(16.7) 0.24
Myocardial infarction, 7 (%) 4(25.0) 3(50.0) 0.26
PCI in history, n (%) 3(18.8) 3(50.0) 0.14
Peripheral arterial disease, n (%) 7 (43.8) 2 (33.3) 0.66
Familial history of cardiovascular disease, n (%) 5(1.3) 1(16.7) 0.48
Atrial fibrillation

Permanent, (%) 2 (12.5) 0(0.0) 0.36

None, (%) 14 (100) 6 (100) 0.36
PCI: Percutaneous coronary intervention
Table 3. Procedural and VH-IVUS characteristics of CAS group
Characteristic Carotid artery (n=78) Coronary artery (n=78) P-value
CAS artery

Left internal carotid artery, n (%) 41 (52.6) - -

Right internal carotid artery, n (%) 37 (47.4) - -
Analyzed artery

Left anterior descending coronary artery, n (%) - 37 (47.4) -

Left circumflex coronary artery, n (%) - 16 (20.5) -

Right coronary artery, n (%) - 25(32.1) -
Minimal lumen diameter, mm, mean+SD 2.5+0.6 2.1+0.4 <0.01
Mean lumen diameter, mm, mean+SD 4.3+0.8 3.0+0.5 <0.01
Minimal lumen area, mm, mean+SD 7.9+4.0 4.8+1.7 <0.01
Minimal vessel diameter, mm, mean+SD 5.8+0.7 3.8+0.7 <0.01
Mean vessel diameter, mm, mean+SD 7.2+0.7 4.6+0.7 0.36
Vessel volume, mm?®, mean+SD 715.2+476.6 258.8+159.4 <0.01
Plaque volume, mm?®, mean+SD 439.8+306.4 153.2+105.7 0.22
Plaque burden, %, mean+SD 61.8+10.4 56.4+8.5 <0.01
Segment length, mm, mean+SD 17.1£9.9 15.8+8.3 0.26
Necrotic tissue, %, mean+SD 20.2+9.4 22.7+£6.8 0.02
Fibrotic tissue, %, mean+=SD 52.5+7.7 51.7+£10.3 0.37
Fibrolipids, %, mean+SD 19.6£9.9 12.248.1 <0.01
Calcium, %, mean+SD 8.24+5.9 13.7+6.8 <0.01

CAS: carotid artery stenting, VH-IVUS: Virtual histology intravascular ultrasound, SD: Standard deviation
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Table 4. Procedural and VH-IVUS characteristics of PCI group

Characteristic Carotid artery (n=22) Coronary artery (n=22) P-value
PCI artery

Left anterior descending coronary artery, n (%) 8(36.4) -

Left circumflex coronary artery, 7 (%) 4(18.2) -

Right coronary artery, n (%) 10 (45.5) -
Analyzed artery

Left internal carotid artery, n (%) 6(27.3) - -

Right internal carotid artery, n (%) 16 (72.7) - -
Minimal lumen diameter, mm, mean+SD 3.6+0.6 2.0+0.7 <0.01
Mean lumen diameter, mm, mean+SD 5.0+0.5 2.9+0.1 <0.01
Minimal lumen area, mm, mean+SD 13.8+3.9 4.2+0.3 <0.01
Minimal vessel diameter, mm, mean+SD 6.3+1.0 3.8+0.1 <0.01
Mean vessel diameter, mm, mean+SD 7.4+0.8 4.5+0.2 <0.01
Vessel volume, mm?, mean+SD 716.7+447.9 309.6+37.7 <0.01
Plaque volume, mm?®, mean+SD 390.3+268.5 182.3+24.0 <0.01
Plaque burden, %, mean+SD 53.4+7.7 57.8+5.8 0.03
Segment length, mm, mean+SD 15.448.3 18.1+1.5 0.17
Necrotic tissue, %, mean+SD 18.6+9.4 22.5+1.9 0.05
Fibrotic tissue, %, mean+SD 56.5+8.0 50.6+2.1 0.07
Fibrolipids, %, mean+SD 19.3£10.2 13.9+2.7 0.36
Calcium, %, mean+SD 5.6t4.4 13.6+1.8 <0.01

VH-IVUS: Virtual histology intravascular ultrasound, PCI: Percutaneous coronary intervention, SD: Standard deviation

Table 5. Virtual histology comparison between carotid and coronary
arteries

Characteristic Carotid artery Coronary P-value
(n=100) artery (n=100)

Necrotic tissue, %, mean+SD 19.849.4 22.6+7.3 <0.01

Fibrotic tissue, %, mean+SD 53.4+8.0 51.7+£10.3 0.09

Fibrolipids, %, mean+SD 19.6+9.6 12.549.1 <0.01

Calcium, %, mean+SD 7.7£5.6 13.6+8.2 <0.01

SD: Standard deviation

with and without a history of cerebrovascular event. In contrast,
the percentage of all analyzed tissue types in the coronary arteries
did not differ among patients with and without cerebrovascular
event histories (Table 6).

Two patients had post-procedural acute ipsilateral cerebrovascular
events. Their carotid plaque composition was similar to others
in the CAS group. Non-ipsilateral post-procedural intrahospital
cerebrovascular events were not observed in our study population.

Representative VH-IVUS case analysis is shown in Figure 2,
in which increased necrotic tissue amount in carotid and coronary
artery of 74.0% and 48.8%, respectively, was identified by VH-
IVUS analysis of culprit lesion in the left internal carotid artery and
non-culprit lesion in the mid-third of the right coronary artery. VH-
IVUS data revealed higher amount of DC tissue in the analyzed
coronary segment compared to carotid plaque (13.7% vs. 9.0%).

4. Discussion

This study investigated the association between carotid and
coronary plaque types as assessed by VH-IVUS in patients with

multiple risk factors who were scheduled for carotid or coronary
artery stenting. The findings of the present study were as follows:
(1) the carotid plaque composition was significantly correlated
with coronary plaque phenotype; (2) the percentage of NC and
calcium tissue was significantly higher in the coronary arteries,
whereas the amount of FF plaque component was greater in the
carotid arteries; and (3) patients with a history of cerebrovascular
events had a tendency of greater proportion of NCs in their carotid
arteries compared to others in CAS group.

Inflammation in atherosclerotic plaque produces systemic
effects, thus, active, ongoing inflammation at one vascular bed
could enhance inflammation in another. A NC in VH corresponds
to tissue areas in which the extracellular matrix is lacking (total
loss of supporting collagen) and has been replaced by dead cells
and lipid-rich cellular debris [10,11], thus, tissue characterized
as the NC is the most vulnerable part of atherosclerotic lesions
with ongoing inflammation. We observed that all analyzed tissue
types by VH-IVUS, including NCs, were correlated between
carotid and coronary vascular beds. Together with knowledge
from previous studies, VH-IVUS analysis confirms that patients
with more vulnerable plaque patterns at one site are at higher
risk of having more vulnerable plaques at another site. However,
different coronary and carotid impacts of shear stress, artery
size, and static force are of great importance for the pattern of
atherosclerosis in different vascular beds. Despite the correlation
of the percentage of all analyzed tissue types in coronary and
carotid artery plaques, we observed that the percentage of NCs was
higher in the coronary artery (Table 3). Moreover, we observed
that coronary arteries were more calcified, but carotid arteries
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Table 6. Virtual histology analysis of CAS group

Characteristic Asymptomatic (n=31) Symptomatic (n=32) H/O cerebrovascular event (n=15) P-value
Carotid artery
Necrotic tissue, %, mean+SD 18.9+8.2 18.749.5 23.5+10.7 0.11
Fibrotic tissue, %, mean+SD 54.4+7.3 52.1£8.4 53.3+8.6 0.47
Fibrolipids, %, mean+SD 20.3£9.4 20.9+£10.5 15.9+9.7 0.15
Calcium, %, mean+SD 7.3+4.9 8.4+7.4 7.4+3.9 0.69
Coronary artery
Necrotic tissue, %, mean+SD 22.8+7.9 21.8+6.8 23.1+6.9 0.74
Fibrotic tissue, %, mean+SD 50.4+10.3 52.6£11.2 53.0£9.2 0.53
Fibrolipids, %, mean+SD 12.849.8 12.849.4 11.6£7.3 0.87
Calcium, %, mean+SD 14.5+8.4 12.948.5 12.847.2 0.62

CAS: carotid artery stenting, SD: Standard deviation

Figure 2. Representative case example of VH-IVUS analysis in the CAS patient.

contained more fibrolipids. A study by Samady et al. showed
that wall shear stress alters the progression and composition of
coronary atherosclerotic plaques [12]. Similarly, Eshtehardi et al.
showed that low wall shear stress was associated with a NC and
calcium coronary plaque tissue, emphasizing the impact of local
hemodynamic conditions on plaque phenotype and atherosclerotic
changes in the vessel wall [13]. As such, although atherosclerosis
is considered a systemic inflammatory disease, its manifestations
are heterogeneous within the same individual due to differences in
arterial geometry, shear stress, and static forces.

Analyzing atherosclerotic plaques among patients with
and without cerebrovascular events, we observed a tendency
toward a higher NC in carotid plaques in patients with previous

cerebrovascular events, but no difference between symptomatic
and asymptomatic patients. Interestingly, two animal studies
found no correlation between the VH-IVUS size of the NC and
histological findings [14,15]. However, in the CAPITAL study,
15 patients underwent VH-IVUS examination of carotid plaque
immediately followed by carotid endarterectomy. The results
showed a strong correlation between VH-IVUS carotid plaque
characterization and the true histological examination of the
plaque, particularly in “vulnerable” plaque types [16]. These
differences can be explained by different tissue types in animal
and human atherosclerotic lesions. In the clinical setting, a series
of 25 patients undergoing CAS reported a strong association
between total plaque volume and FF volume on VH IVUS and
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the quantity of atherosclerotic debris obtained on retrieval of the
distal embolic protection device [17]. Winston et al. showed an
association between periprocedural cerebrovascular events and
plaque composition by VH-IVUS [18]. We compared patients with
and without cerebrovascular complications (cerebral infarction
and transitory ischemic attack <24 h) after CAS and found no
difference in carotid tissue composition by VH-IVUS. However,
our study was not designed and does not have sufficient power
to draw conclusions regarding post-procedural cerebrovascular
complications. Similar carotid plaque composition in symptomatic
and asymptomatic patients by VH-IVUS analysis highlights a
need for further research to detect high-risk plaques combining
invasive and non-invasive imaging modalities.

In our study, we found a higher percentage of calcium in the
coronary compared to carotid arteries. A global registry of more
than 3000 patients undergoing coronary VH IVUS showed that NC
and DC content increases with age, were more common in men than
in women, and were positively associated with serum low-density
lipoprotein cholesterol, diabetes, and hypertension [ 19]. Pooled data
from two clinical trials showed coronary calcium increase in patients
receiving long-term high-dose statin therapy without impact on
adverse cardiovascular events suggesting plaque stabilization [20].
All patients in our study received guideline-directed lipid-lowering
therapy which could explain higher amount of DC in analyzed
coronary arteries. In line with published evidence, our data confirm
the systemic characteristics of atherosclerosis and the similar
carotid and coronary plaque composition, but differences in calcium
distribution between arterial territories.

The main limitation of our study was lack of blinded core
laboratory VH-IVUS analysis. Furthermore, patients included in the
CAS group were in greater proportion compared to the PCI group.

5. Conclusion

The percentage of all analyzed plaque components was
correlated among coronary and carotid artery plaques.
Nevertheless, coronary arteries contained more NCs and calcium,
while carotid arteries had a higher percentage of fibrolipidic tissue.
Patients with cerebrovascular events had a tendency toward a
higher percentage of NCs in the carotid plaques.
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Background and Aim: Paget’s disease of the bone refers to a chronic cumulative disorder
characterized by enhanced osteoclastic function followed by a secondary surge in osteoblastic activity.
The condition can manifest as a polyostotic or monostotic bone disease with most patients having an
asymptomatic presentation, although some may complain of pain localized to the affected bone while
others express symptoms of nerve compression. A pagetic bone is predisposed to develop pathological
fractures, bony deformities, and a rare yet detrimental transformation into osteosarcoma. Detection
is often accidental when performing radiographic tests for other indications or when elevated blood
levels of alkaline phosphatase (ALP) are detected. Treatment with third-generation bisphosphonates
is helpful in preventing further bone resorption and, additionally, reduces bony pains that are believed
to be caused by excessive metabolic activity. Here, we present a case of a middle-aged asymptomatic
female with elevated serum ALP levels up to 1537 IU/L (reference range 40—150 U/L) during her pre-
operative evaluation for elective cholecystectomy.”™ Tc-methylene diphosphonate bone scintigraphy
revealed diffuse uptake in the skull and, hence, was diagnosed as a case of isolated Paget’s disease of
the skull.

Relevance for Patients: The rarity of this disease in Southeast-Asians, its uncontrived detection,
and the isolated skull involvement, imparts high clinical relevance on this case. Early detection and
management of this disease can help prevent the development of life-threatening complications in
affected patients, hence decreasing the morbidity.

1. Introduction

Paget’s disease of bone (PDB), also known as osteitis deformans, is a chronic skeletal bone
disorder characterized by focal areas of excessive disorganized bone remodeling, targeting
any bone throughout the skeleton. This disease primarily affects the axial skeleton, where
pelvis is the most common site of involvement, followed by femur, lumbar spine, skull,
and tibia [1]. Most patients are asymptomatic and often present with an incidental finding
of high serum alkaline phosphatase (ALP) levels during routine blood examination [2].
Diagnostic modalities commonly utilized include X-ray, biochemical analysis of serum
total ALP, computed tomography (CT) scan, bone scintigraphy, and magnetic resonance
imaging [3].

2. Case Presentation

A 60-year-old Asian female with a known case of hypertension and treated hepatitis C
virus infection presented to the surgical outpatient department for her scheduled pre-operative
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visit for elective cholecystectomy. She was referred to the medical
department for further workup after she was found to have
isolated elevated ALP levels of up to 1537 IU/L (reference range
40-150 IU/L). According to the patient she only had a history
of mild, non-radiating, non-pulsatile, bilateral headache that
occurred on and off several times during the day and that receded
without intervention. The patient had no history of deafness,
tinnitus, dental malocclusion, fractures, fatigue, or generalized
body weakness. She gave no associated history of any abnormal
bone enlargement, including her head, with no increase in hat size
in recent years.

On inquiring further, she reported a history of dark-colored
urine for the past 20 days with no history of pruritis, clay-colored
stool, or weight loss. Examination revealed mild frontal bossing,
whereas the rest of her general physical and systemic examination
were within normal limits. Biochemical tests revealed an ALP
1537 IU/L with normal total bilirubin, aspartate transaminase, and
alanine transaminase levels. Ultrasound of the abdomen showed
multiple calculi in the lumen of the gallbladder with a normal
caliber of the common bile duct. On further investigations, serum
calcium and phosphorus levels were within normal limits.

Gamma GT was within normal limits. Urine for Bence—Jones
protein came back negative and serum protein electrophoresis was
within normal limits, hence ruling out multiple myeloma. X-ray
of the skull revealed widening of diploid space and diffusely
scattered multiple sclerotic lesions in skull vault, giving a cotton
wool appearance (Figure 1). The patient was then referred to the
rheumatology outpatient department for further investigations and
treatment plan. A CT scan of the brain without contrast showed
expanded bones of the skull with multiple sclerotic and lytic
lesions (Figure 2).

Bone scintigraphy confirmed the diagnosis of PDB involving
the skull bone only, showing diffusely increased uptake in the skull
bone (Figure 3). The patient was commenced on third-generation
intravenous bisphosphonate (15-min infusion of 5 mg zoledronic
acid). The patient was advised to follow-up after 3 months at the
rheumatology outpatient department to determine ALP levels.
On follow-up after 3 months, repeat ALP test showed markedly
reduced levels down to 250 IU/L. The patient was also advised
a repeat bone scintigraphy scan on the same visit but was lost to
follow-up for subsequent visits.

3. Discussion

PDB is ranked second to osteoporosis as the most common
bone disorder, exhibiting higher prevalence throughout Western
Europe, America, and Australia, but very low incidence among
Asians and Africans. Diagnosis before the age of 40 is rare. The
key abnormality in this disease points to aberrant osteoclastic bone
resorption accompanied by marrow fibrosis, leading to increased
bone vascularity and enhanced osteoblastic activity. A mosaic pattern
of bone and lamellar tissue with enlarged osteoclast-containing
distinct nuclear inclusion bodies is revealed histologically [4].

The etiology of PDB remains unclear, whereas multiple studies
suggest an association with genetic mutations, environmental

ok

Figure 1. X-ray (lateral view) of the skull showing widening of diploid
space (white arrows) and diffusely scattered multiple sclerotic lesions in
skull vault (yellow arrow), yielding a cotton wool appearance.

Figure 2. Computed tomography scan of the brain without contrast,
showing expanded bones of the skull with multiple sclerotic and lytic
lesions.

factors, and paramyxoviral infection [5]. Clinically, the usual
presentation is asymptomatic but may present with bone pains,
nerve entrapment, bony deformities, and increased propensity
to develop fractures. Clinical symptoms differ with the disease
location; skull involvement usually causes increase in the hat size,
along with headaches or deafness, whereas when base of the skull
is affected, it can lead to hydrocephalus, platybasia, and basilar
invagination [3,6]. High-output cardiac failure, although very
uncommon, is often precipitated due to enhanced vascularity of
the affected bone, whereas osteosarcoma, although rare, is usually
the feared complication in a pre-existing pagetic bone [7].
According to the US Endocrine Society clinical practice
guidelines, effective management protocols have been formulated
for patients suspected of PDB, where the first-line investigation
remains to be plain X-ray of the affected regions, followed
by *"Tc-methylene diphosphonate (MDP) bone scan, after the
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Figure 3. Anterior view of the bone scan showing diffuse uptake of the
technetium-99 m in the skull bones.

confirmation of diagnosis through plain X-ray. Biochemical test
such as an elevated serum ALP levels aid in evaluating the activity
and progression of PDB and indicate the response to treatment.
Furthermore, recent studies have estimated a significant rise in
serum osteopontin levels as a marker for active PDB [8]. X-ray
of the skull may manifest radiolucent areas around the suture
lines typically in the occipital and frontal bones, an enlarged
diploic space, and focal osteosclerosis giving cotton wool
appearance [3,8,9]. Nonetheless, the putative imaging modality
is radionuclide bone scintigraphy (MDP), exhibiting substantially
increased uptake in the affected bone. Cranial CT scans generally
show evidence of cranial vault thickening [10]. Isolated skull
involvement may include neurological complications such as
hearing loss, headache, bone pains, tinnitus, basilar impression,
and rarely cranial nerve deficits [9].

Pagetic bone pains are generally the key indicator for
treatment and may recede or disappear with medical therapy. The
mainstay of treatment is the use of intravenous third-generation
bisphosphonates such as zoledronic acid for active PDB which
works by impeding bone resorption through osteoclastic activity
inhibition, expending an anti-cancerous effect by enhancing the
proliferation of gamma delta T cells [11], and alleviates bone
pains that are believed to be caused by excessive metabolic
activity. Zoledronate (zoledronic acid) is administered as 5 mg
given as a single infusion over 15 min. Retreatment is mostly not
required as a single infusion balances the bone turnover for about
5 years [8,9,12]. Serum ALP levels are monitored to assess the

disease status and are measured at an interval of 3 months for
the first 6 months after initial treatment, and then after 6 months
subsequently [11].

4. Conclusion

In conclusion, isolated raised serum alkaline phosphatase levels
should always be further investigated to rule out asymptomatic
patients. Management includes treatment with third-generation
bisphosphonates and pain control. Effective and time-sensitive
management can impart a huge difference in the outcome of
Paget’s disease.
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Background: Assessment of health-related quality of life (HRQoL) is an important measure of a
patient’s recovery after an illness. However, HRQoL among acute coronary syndrome (ACS) survivors
has not been extensively studied following cardiac management.

Aim: The purpose of this study was to assess the quality of life (QoL) among ACS patients who have
undergone percutaneous coronary intervention (PCI).

Methods: This cohort study included 145 consecutive male ACS patients between March 2021 and
May 2022. Of these patients, 138 (mean age 54.3 + 10.7 years) completed the QoL assessment using
the short form-12 (SF-12) health survey questionnaire. Seventy (51%) of them presented with ST-
segment elevation myocardial infarction (STEMI), 18 (13%) had non-STEMI, 39 (28%) had evolved
MI, and 11 (8%) had unstable angina. Recruited patients’ QoL data were assessed at various time
points post-PCI.

Results: At the end of the 12 months of follow-up, major clinical events (MCE) defined as death,
sudden death, or re-acute myocardial infarction occurred in 54.9% of patients. Out of 7 MCE, four
deaths and three re-AMIs had occurred. SF-12 physical component score was found to be significantly
improved when compared to the mental component score, which seems to improve without reaching
statistical significance over time. Among event-free ACS patients, we found a significant positive
correlation between left ventricular ejection fraction and HRQoL.

Conclusion: Improvement in HRQoL (physical component) was seen among ACS patients post-PCI.
Relevance for Patients: QoL assessment outcomes should be considered in clinical settings, practice
guidelines, and treatment modality post-PCI to improve QoL in post-ACS survivors.

1. Introduction

Acute coronary syndrome (ACS) is a term used to describe one of two conditions:
A heart attack (myocardial infarction) or when a person suffering from severe chest pain
(unstable angina). Myocardial infarction is further classified as ST-segment elevation
myocardial infarction (STEMI) and non-STEMI (NSTEMI). India has the world’s highest
ACS burden as shown by a prospective registry study (CREATE) which generated data
from ten regions and 50 cities in 89 centers [1]. Even though the advent of therapies has
increased survival in ACS, the rates of event-free survival at 1 year and 2 years were 88
+ 60.3% for males and 83% for females, respectively (P = 0.58) [2]. In addition, persons
who have ACS report significant physical and mental discomfort related to the condition
and subsequent clinical management. Hence, there is a need to understand the effects of
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ACS impact on the physical and mental health status of ACS
survivors.

A self-administered generic tool short-form health survey
(SF-36) has been used in angina, acute myocardial infarction
(AMI), and heart failure. The SF-36 has been demonstrated to
be a sensitive measure for identifying improvements in HRQoL
following active intervention in individuals with recent AMI.
The SF-12 and SF-8 are condensed forms of the questionnaire
which are accessible for use and are quicker to complete [3].

Multiple studies have shown that QoL is better after PCI than
it was before. Complete angina resolution was better with PCI,
according to a meta-analysis of 14 randomized controlled trials
comparing PCI to medical therapy in 7818 patients enrolled
from 1987 to 2005. Furthermore, it has been observed that the
SF-12, or condensed version of the SF-36, correlates favorably
with the SF-36 summary scores in a variety of illnesses,
including angina [4].

The reason for using the SF-12 health survey questionnaire was
with only 12 items, health status could be assessed aptly when
compared to the 36-item SF-36 [5]. The SF-12 questionnaire has
been proven to be accurate in a variety of medical conditions as
well as in the general population [6,7].

Further, not many studies have looked into the effect of
comorbidities on the quality of life (QoL) measured post-PCI.
Therefore, this study aimed to evaluate the QoL among ACS
patients post-PCI using the SF-12 health survey questionnaire and
to explore the effect of comorbidities on QoL.

2. Materials and Methods
2.1. Study setting

This cohort study was conducted at the Cardiology outpatient
department, R.L. Jalappa Hospital, in association with the
Department of Physiology, attached to Sri Devaraj Urs Medical
College, Kolar, Karnataka, India.

2.2. Ethical consideration

Central Ethics Committee clearance was obtained (CEC No.
SDUAHER/KLR/R & 1/91/2021-22). Each participant provided
written informed consent to participate in the study.

The sample size was calculated [8] using nMaster 2.0 software
and was estimated with 0.9 as the statistical power and <0.05 as
the significant P-value (Figure 1).

| Sample size (1=145) || Assessed for eligibility (n=229) |

From 3¢ March 21 to
31stMay 22

i
R

Excluded (n=33)

Not willing to undergo PCI (06)/ Covid-19
positive (02)/Hypothyroid, BA, S/P PCIin 2012
(01)/H/O MI (15)/UA-No PCI (04)/POBA
(03)/BA (01)/RA (01)/H/O CABG,
Stroke/Dysautonomias/Psychiatric co-
morbidities/Patients on anticholinergics,
hypothyroidism and hemodialysis patients

v

\ I Included (n=197 male ACS patients) |
|

v

ECG diagnosed: Acute STEMI
(n=95), Evolved STEMI (n=65)

[awacxsis ]

Figure 1. Study flow before and after PCI.

v v I
NSTEMLI, Trop I Unstable angina
positive (n=21) (n=16)

Abbreviations: PCI: Percutaneous coronary intervention; BA: Bronchial asthma; S/P PCI: Status post-PCI; MI: Myocardial infarction; UA: Unstable
angina; POBA: Percutaneous old balloon angioplasty; RA: Rheumatoid arthritis; CABG: Coronary artery bypass graft; IHD: Ischemic heart disease;
STEMI: ST elevation myocardial infarction; NSTEMI: Non-ST elevation MI; STK: Streptokinase; RTP: Reteplase; TNK: Tenecteplase; CAG:
Coronary angiogram; MACE: Major adverse cardiac event; PCS: Physical component score; MCS: Mental component score; QoL: Quality of life;

LVEEF: Left ventricular ejection fraction.
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2.3. Study population
2.3.1. Study design

The study participants were chosen using a systematic random
sampling technique.

2.3.2. Inclusion and exclusion criteria

One forty-five ACS (AHA/ACC/ESC classification) [9,10] male
patients who have undergone PCI between March 2021 and May 2022
were included in the study. Among the enrolled, 62 patients had a first
AMI (STEMI), 18 patients had NSTEMI, 44 had evolved MI, and
11 patients exhibited unstable angina. Of the 145 participants, seven
had major clinical events (termed as death or re-AMI), providing a
final sample of 138 individuals (95%) for the health survey. Smokers
(cigarette/beedi) [11,12], tobacco chewers, and alcoholics [13]
were also included in this study. Among the recruited, 26% of them
were diabetics and 37% of them were hypertensive. Individuals
were excluded if they were critically ill/mentally challenged. All
the subjects went through reperfusion therapy using percutaneous
coronary intervention (Primary/Elective PCI). Included participants
were COVID-19 negative. Heart failure patients with preserved/mid-
range EF (HFpEF or HFmrEF) [14] were considered.

2.4. Study design

We prospectively studied consecutive patients admitted to
our intensive coronary care unit with the first episode of ACS,
who underwent primary PCI of the culprit coronary vessel within
3-24 h of symptom onset in acute STEMI patients. Non-STEMI
patients went through elective PCI within 24 h of symptom onset.
Patients were also included if they had earlier failed thrombolysis
(rescue PCI), as pointed out by the persistent ST-segment elevation.
In case of evolved MI/unstable angina patients, symptom-to-door
timings were 2 h to a month duration.

Patients with typical chest pain lasting >30 min who also had
ST-segment elevation of >0.1 mV in >2 adjacent leads on the
admission electrocardiogram (ECG) were diagnosed to have acute
STEMI. Non-STEMI was associated with ST-segment depression
of >0.1 mV in >2 contiguous leads on admission ECG, T wave
inversion, with the troponin-I positive, and a typical chest pain
lasting >30 min. Evolved MI was detected with the on and off
symptoms from a few hours to a week, from hyperacute T waves
to ST-segment elevation, and T wave inversion in >2 neighboring
leads on the admission ECG. Unstable angina was identified with
the on and off symptoms from a few hours to a month duration.

The demographic, anthropometric, clinical, and laboratory
parameters obtained for each patient were: age, height, weight,
several cardiovascular risk factors, infarction location, symptom-
to-door timings, culprit coronary vessels (defined as the presence
of diameter stenosis more than 50%), thrombolytic therapy,
thrombolysis in myocardial infarction coronary flow grade, peak
values of cardiac biomarkers (creatine kinase-myocardial band or
troponin-I), and drug therapy.

Left ventricular ejection fraction was measured on admission,
I-month post-PCl/post-phase 2 cardiac rehabilitation, 3-month

post-PCI, and 6-month post-PCI by 2-D echocardiography based
on biplane Simpson’s method.

2.5. Health-related QoL assessment

The patient’s QoL was investigated using the SF-12 health
survey questionnaire [6,8,15,16]. The SF-12 consists of eight
health concepts representing physical functioning; role-
limitations due to physical health problems, bodily pain, general
health, energy/fatigue, social functioning, role-limitations due to
emotional problems, and mental health (psychological distress or
psychological well-being). The 12 questions in this instrument
assessed health-related QoL (HRQoL) in the past 4 weeks,
producing two different 0-100 scores, namely, physical component
(PCS-12) and mental component (MCS-12) scores. The results of
the SF-12 with a higher score indicated a better QoL. Thus, face-
to-face interviews were conducted at cardiology OPD at various
time points. Consequently, PCS-12 and MCS-12 scores were
measured 1-month, 3-month, and 6-month post-PCI.

2.6. Data analysis

Descriptive statistics were calculated and expressed as
percentages, mean, and standard deviation. Data were tested for
normal distribution using the Kolmogorov—Smirnov test. Non-
parametric tests were performed because the data did not show
Gaussian distribution. Friedman’s test was used to measure all
the quantitative variables (PCS-12 and MCS-12) and was stated
as the median. Furthermore, Spearman’s correlation analysis was
performed to ascertain the relationship between QoL scores and
LVEF%. Then, multiple regression analysis was performed to
explore the effect of confounding variables (such as smoking,
tobacco chewing, alcohol consumption, Killip class, comorbidities,
and drugs) on QoL. All the data were analyzed using IBM SPSS
software for Windows (version 22.0; SPSS, Chicago, IL, USA).

3. Results

The study population consisted of 145 ACS patients (aged
54.3 £ 10.7 years) with LVEF of 44.8 + 9.6%. Patients were
on antiplatelets (100%); 96% of patients received antianginal
therapy; 35% were treated with B-blockers; 98% of them were
on anticoagulants; 9% were on vasodilators; 99% were on statins;
56% were on diuretics; 27% were on oral hypoglycemic agents/
insulin; 7% were on angiotensin receptor blockers; 2% were on
ACE inhibitors; and 7% were on calcium-channel blockers. The
baseline characteristics of the study population (n = 138) are
presented in Table 1.

QoL assessment was done among post-ACS survivors at
various time points using Friedman’s test. Since P = 0.011, we
concluded that there was a significant improvement in the QoL
scores during the follow-up (Table 2).

3.1. Correlation analysis

Spearman’s correlation analysis was done to identify the likely
correlation between QoL and left ventricular ejection fraction (%).
All QoL parameters had significant correlations with the LVEF
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Table 1. Baseline characteristics of the study population (n=138)

Characteristics Mean£SD
Mean age (years) 54.3+10.7
BMI (Kg/m?) 25.2+4.0
Killip classification
Class I 118
Class 1T 01
Class I1I 05
Class IV 03
Clinical data
Systolic blood pressure (mmHg) 128+24
Diastolic blood pressure (mmHg) 80+11
Heart rate (bpm) 82+13
Left ventricular ejection fraction (%) 45£10
Cardiovascular risk factors
Diabetes mellitus, 7 (%) 36 (26)
Hypertension, 1 (%) 50 (37)
Smoking, n (%) 42 (31)
Alcohol consumption, n (%) 21 (15)
Tobacco chewing, n (%) 05 (4)
Coronary angiography and PCI data (n)
Primary PCI 79
Rescue PCI 01
Elective PCI 58
TIMI flow grade III (post-PCI) 138

TIMI: Thrombolysis in myocardial infarction; PCI: Percutaneous coronary intervention

Table 2. Quality of life scores after percutaneous coronary intervention
using Friedman’s test

QoL 1-month 3-month 6-month Chi-square  P-value
scores post-PCI  post-PCI  post-PCI value

PCS-12 53.07 54.00 54.00 8.97 0.011*
MCS-12 55.96 57.00 56.00 343 0.180~¢

Values expressed as median; *Significance P<0.05; NS: Not significant; QoL: Quality of
life; PCS-12: Physical component score; MCS-12: Mental component score.

except the correlation between MCS-12 (3 months) and LVEF
(3 months) with P = 0.068 showing suggestive significance, as
shown in Table 3.

Spearman’s correlation analysis was done to identify the likely
correlation between QoL scores and age, and body mass index
(BMI). One-month post-PCI PCS-12 and MCS-12 QoL scores
had significant negative correlations with age suggesting a decline
in QoL on aging. Besides, a positive correlation was observed
between MCS-12 (1 month) and BMI with P = 0.022, as shown
in Table 4.

3.2. Multivariate tests

Multivariate tests were executed to know the likely role of
smoking, tobacco chewing, alcohol consumption, and Killip
class on QoL parameters (Table 5). Mentioned predictors had no
significant association with the QoL scores.

Multivariate tests were accomplished to know whether diabetes
mellitus (DM) and hypertension (HTN) had got any effect on QoL
parameters (Table 5). Both DM and HTN had no statistically
significant association with any of the QoL scores.
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Table 3. Spearman’s correlation of QoL scores (PCS-12 and MCS-12)
with left ventricular ejection fraction

QoL scores Spearman’s  LVEF (%) LVEF (%) LVEF (%)
rho (1 month) (3 months) (6 months)
PCS 12 Correlation 0.57
(1 month) coefficient
P-value 0.000%*
PCS 12 Correlation 0.35
(3 months) coefficient
P-value 0.000%*
PCS 12 Correlation 0.31
(6 months) coefficient
P-value 0.000%*
MCS 12 Correlation 0.31
(1 month) coefficient
P-value 0.000%*
MCS 12 Correlation 0.16
(3 months) coefficient
P-value 0.068
MCS 12 Correlation 0.25
(6 months) coefficient
P-value 0.004**

*Moderately significant P<0.05; **Strongly significant P<0.01; NS: Not significant;
QoL: Quality of life; PCS: Physical component score; MCS: Mental component score

Table 4. Spearman’s correlation of QoL scores with age and body mass
index

QoL scores Spearman’s rho Age (years) BMI (kg/m?)
PCS 12 Correlation coefficient -0.19 0.06

(1 month) P-value 0.029* 0.502%
MCS 12 Correlation coefficient -0.19 0.20

(1 month) P-value 0.024* 0.022*

*Significance P<0.05; NS: Not significant; BMI: Body mass index; QoL: Quality of life;
PCS: Physical component score; MCS: Mental component score.

Table 5. Multivariate tests between smoking, tobacco chewing, alcohol
consumption, Killip classification, hypertension, diabetes mellitus, and
quality of life scores

Effect Value F Hypothesis Error df  Sig.
df

Intercept 0.019  2074.35° 3.00 122.00  0.000
Smoking 0.997 0.13° 3.00 122.00  0.940%
Tobacco chewing 0.985 0.62° 3.00 122.00  0.605N
Alcohol consumption  0.995 0.23% 3.00 122.00  0.879™
Killip classification 0.899 1.10 12.00 323.07 0357
Intercept 0.003  14633.67° 3.00 132.00 0.000
Diabetes mellitus 0.970 1.350° 3.00 132.00 0.261™
Hypertension 0.983 0.742° 3.00 132.00  0.529%

*Significance P<0.05; ™Not significant; "Exact statistic

Multivariate tests were performed to know whether drugs have
got any effect on QoL measures (Table 6). Various drugs had no
statistically significant effect on any of the QoL scores. While,
with the corrected model, B-blockers had a significant effect on
the PCS-12 component of QoL scores with P = 0.042.
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Table 6. Multivariate tests between various medications and quality
of life scores

Effect Value F Hypothesis df  Error df Sig.

Intercept 0.142  374.36° 2.00 124.00 0.000
Antianginal drugs ~ 0.997 0.17° 2.00 124.00  0.846
Anticoagulants 0.992 0.49° 2.00 124.00  0.614™
Thrombolytics 0.981 1.19° 2.00 124.00  0.308™
{3-blockers 0.967 2.09° 2.00 12400  0.128™
Vasodilators 0.978 1.40° 2.00 124.00  0.249™
CCBs 0.996  0.26° 2.00 124.00  0.768%8
ACE inhibitors 0.986  0.89° 2.00 124.00  0.414™
OHAs 0.992 0.49° 2.00 124.00  0.612™
Statins 0.984 1.03° 2.00 124.00  0.360™
Diuretics 0.996  0.24° 2.00 124.00  0.784™

*Significance P<0.05; ™Not significant; "Exact statistic; CCBs: Calcium channel blockers;
ACE: Angiotensin-converting enzyme; OHA: Oral hypoglycemic agent

4. Discussion

The major finding of the present study is the significant increase
in the PCS-12 component of QoL scores from 1 to 6 months post-
PCI among ACS survivors. Results suggest that patients’ QoL
might have improved on successful revascularization with PCI in
the physical domain when compared to their mental component
scores.

A prospective cohort study by Seto et al. [17] included 1445 PCI
patients. Wherein QoL was measured using SF-36 and the Seattle
angina questionnaire (SAQ). QoL improved in 58 — 75% of PCI
patients for different domains at 6 months. Another prospective
cohort study by Wong et al. [18] included 78 PCI patients. QoL
was assessed using SF-36 and SAQ. Statistically significant
improvements in six out of eight SF-36 and five out of five SAQ
domains at 1 and 3 months were observed in PCI patients. Yet,
another prospective cohort study by Melberg ef al. [19] enrolled
609 PCI patients, with significant improvement in QoL (measured
using SF-36) in PCI patients at 6 months. The present study
findings were in line with the literature, wherein QoL in the
physical domain (PCS-12) improved significantly from 1-, 3-, and
6-month post-PCI among ACS patients.

Anchah et al. [20] recruited 112 patients with newly diagnosed
ACS. The SF-36 questionnaire was used to obtain QoL data. Their
physical and mental health summaries showed poorer results at
baseline. Yet, these improved gradually and significantly over
time. Our study enrolled 1-month post-PCI/post-phase 2 cardiac
rehabilitation ACS patients, where we also observed a significant
improvement in the physical component of QoL when compared
to the non-significant improvement in the mental component of
QoL over time.

In addition, in the present study, we found a strong positive
correlation between LVEF with QoL scores (both in physical and
mental domains) except for the association between MCS-12 at
3 months post-PCI and LVEF 3 months post-PCI. In contrast, in a
study by Juenger et al. [21], among 205 patients with congestive
heart failure and systolic dysfunction LVEF, duration of disease,
and age showed no association with QoL.

In the present study, age had a significant negative correlation
with the physical and mental components of QoL scores. Our study
findings suggest that advanced age could have had a detrimental
effect on QoL. Whereas, patients’ age was not associated with
any of the World Health Organization QoL-BREF domains
scores [22]. In addition, advanced age, always drinking alcohol,
a high-fat diet, and HTN affected the various domain-specific
European QoL Five Dimension (EQ-5D) Five-level scale scores
in coronary heart disease patients [23].

QoL in HFpEF was observed to be the poorest in patients who
are young, obese, and have diabetes [24]. Our study included 138
heart failure patients with mid-range to preserved ejection fraction
wherein QoL was the poorest on admission to hospital set-up
which later improved after successful revascularization with PCI.
Besides, BMI (Obese: >30 Kg/m? n=10/138 ACS patients) had a
significant positive correlation with the mental component of the
QoL measure.

According to a review by Goldenberg et al. [25], a negative
relationship between smoking and QoL exists even with
secondhand smoke. Further, a Chinese study found that smoking
had a negative correlation with the QoL. Smokers had an
11.65% lower average chance of having a higher QoL than non-
smokers [26]. Conversely, predictors such as smoking, tobacco
chewing, alcohol consumption, and Killip class had no significant
association with the QoL scores in our study.

The present study results showed that both diabetes mellitus
(DM) and HTN had no significant effect on any of the QoL scores.
While in a study with 364 diabetic patients, the physical domain
score was negatively associated with the duration of DM [22].
Besides, higher rates of DM significantly decreased EQ-5D index
and visual analog scale scores [23].

Regarding outcomes (serious adverse events and major adverse
cardiovascular events), the long-term risk of reinfarction during
follow-up, QoL, and angina, additional information is needed
to approve or reject the clinical effects of P-blockers on the
outcomes in patients with or suspected of acute MI [27]. However,
on regression analysis, B-blockers had a significant effect on the
physical component of QoL in our study. Denoting the beneficial
effect of B-blockers in improving the physical well-being of
ACS patients post-PCI in the long run. In a meta-analysis, it was
evident that B-blocker therapy does not alter QoL. Accordingly,
clinicians could add B-blockers to traditional treatment without
apprehensions of harming QoL in patients with congestive heart
failure [28].

4.1. Study limitations

The nutritional status [29] of the ACS patients on admission and
follow-up was not addressed in the present investigation. Since
the nutrition status of the patients might have had a significant
effect on QoL in the long run, this issue needs to be considered
as the future direction of this study. In addition, the present study
was a single-center cohort study with small sample size. Hence,
multi-centric large-scale studies will be required for additional
validation of the usefulness of QoL measurement post-PCI as
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one of the prognostic evaluators for QoL among ACS survivors.
Further, we analyzed the overall effect of various confounding
factors on QoL post-PCI in patients with and without MCE. Since
no significant association between confounding factors and QoL
was observed, future studies could analyze the effect of risk factors
(especially comorbidities such as HTN and diabetes mellitus) on
QoL among patients who had MCE. The study population was
heterogeneous in terms of clinical presentation, comorbidities,
and pathophysiology. In accordance, QoL and ejection fraction
would be different between patients with STEMI and unstable
angina patients. Besides, if an unstable angina patient undergoes
PCI for the culprit lesion, the patient would be relieved of any
symptoms, and hence, their ejection fraction would be normal.
Hence, future studies should focus further research on QoL post-
acute MI/STEMI patients only.

5. Conclusions

The present study results revealed a significant increase in
the physical component of QoL from 1 to 6 months post-PCI
among ACS survivors. QoL scores correlated well with the
echocardiographic measure of LV ejection fraction. Further,
age had a significant negative effect on QoL. Therefore, QoL
assessment outcomes should be considered in routine clinical
practice and treatment modality post-PCI to improve QoL.
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Background: Neuroendocrine carcinoma of the cervix (NECC) is more prone to lymphatic
infiltration, lymph node involvement, local recurrence, and distant metastasis. Using concurrent
chemoradiotherapy (CCRT) with or without adjuvant chemotherapy as the standard treatment for
locally advanced NECCs and CCRT for patients with early lesions confined to the cervix. However,
the prognosis of NECC patients treated with definitive radiotherapy (RT) is unknown. Immune
checkpoint inhibitors are a promising therapeutic strategy for locally advanced cervical cancer. Some
reports suggest that the expression of PD-L1 in solid tumors correlates with prognosis.

Aim: This study investigates prognostic factors for survival in patients with neuroendocrine cervical
carcinoma (NECC) treated with definitive RT and the relationship between PD-L1 expression and
prognosis in these patients.

Methods: This retrospective study included 66 patients with histologically confirmed NECC who
received RT with or without chemotherapy. From January 2015 to December 2020, patients received
routine extended-field irradiation (EFI), and PD-L1 expression was assessed by immunohistochemistry.
The most commonly used chemotherapy agents were etoposide-platinum and paclitaxel-platinum.
Results: PD-L1 expression was positive in 17 of 45 (37.8%) patients. There were 52 cases of pure NECC
and 14 cases of mixed carcinoma. Sixty stage IB-III patients received definitive RT. The 3- and 5-year
progression-free survival (PFS) was 39.8% and 34.1%, and 3- and 5-year overall survival (OS) was 48.0%
and 40.2%, respectively. There was no significant difference in 3 and 5-year PFS and 3 and 5-year OS
between patients with pure and mixed carcinoma. Positive PD-L1 expression was associated with higher
3-year PFS in patients with mixed histology. Univariate analysis showed that lymph node metastasis
(LNM) and the International Federation of Gynecology and Obstetrics stages predicted 3- and 5-year PFS
in patients who received definitive RT. The median OS in patients receiving less than four cycles and at
least four cycles of chemotherapy (CT) was 26.0 and 44.0 months, respectively (P = 0.038); moreover,
3- and 5-year PFS was 34.1% and 25.7% in the former and 46.4% and 40.4% in the latter. There were
no significant differences in OS and PFS between pelvic irradiation and prophylactic EFI in patients
treated with definitive RT. There were no significant differences in para-aortic failure rate after concurrent
chemoradiotherapy between patients who underwent pelvic irradiation or prophylactic EFI (P = 0.147).
Conclusion: In patients with mixed NECC, positive PD-L1 expression is correlated with higher 3-year
PFS. Chemoradiotherapy was effective for NECCs. The LNM and stage predicted PFS. Four or more
cycles of chemotherapy improve prognosis. Prophylactic EFI did not significantly improve PFS and OS.
Relevance for Patients: This study is relevant to patients as it confirms that chemoradiotherapy is effective
for both early and locally advanced NECC and that four or more cycles of chemotherapy improved
prognosis. The regimen should be carefully evaluated to ensure that patients receive the most effective
radiation therapy for the prophylactic of para-aortic LNM. Potential risk factors for the recurrence of
radical radiotherapy should be fully understood to minimize these risks. This study observed that PD-L1
expression positive in patients with mixed NECC types is correlated with higher 3-year PFS.
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1. Introduction

Neuroendocrine carcinoma of the cervix (NECC) is a rare
histologic type of cervical cancer, accounting for 0.9 — 1.5% of
cervical cancer cases [1-3]. Unlike squamous cell carcinoma and
adenocarcinoma, NECC is more prone to lymphatic infiltration, lymph
node involvement, local recurrence, and distant metastasis (DM) [4].

Small-cell NECC (SCNEC) is the most common type of
NECC, accounting for approximately 80% of NECC cases.
Large-cell NECC (LCNEC) and other histological types represent
approximately 12% and 8% of NECC cases, respectively. Common
markers of NECC include chromogranin A (CgA), synaptophysin
(Syn), and CD56.

Adjuvant chemoradiotherapy after radical hysterectomy
is feasible for early-stage cervical cancer, and concurrent
chemoradiotherapy (CCRT) or chemotherapy alone is feasible
for locally advanced and metastatic disease [5-7]. The first-line
chemotherapy for NECC is etoposide or paclitaxel combined
with a platinum agent (cisplatin or carboplatin). The National
Comprehensive Cancer Network (2022) recommends using CCRT
with or without adjuvant chemotherapy as the standard treatment
for stage IB3-IVA NECC and CCRT for patients with early lesions
confined to the cervix. Prognostic factors for cervical cancer
include race, age, tumor stage and grade, histological type, tumor
volume, lymph node involvement and location, performance
status, and type of treatment [8]. However, the prognosis of NECC
patients treated with radical radiotherapy (RT) is unknown.

Immune checkpoint inhibitors are a promising therapeutic
strategy for locally advanced cervical cancer (LACC) [9].
A clinical trial found that ipilimumab combined with nivolumab
achieved satisfactory results in three patients with recurrent
NECC, including two with positive PD-L1 expression [10]. PD-
L1 expression in solid tumors correlates with prognosis. For
instance, PD-L1 expression is a good prognostic biomarker in
human papillomavirus (HPV)-associated head and neck cancer.
Conversely, PD-L1 expression is associated with poor prognosis
in patients with renal cancer [11-13].

This study assessed the efficacy of radiation therapy for NECC,
prognostic factors for NECC, and the relationship between PD-L1
expression and patient survival.

2. Methods
2.1. Patients

The study included patients with histologically confirmed
NECC who received RT with or without chemotherapy at our
cancer center between January 2009 and December 2020. Patients
gave written informed consent before therapy. The diagnosis
was based on the morphological and immunohistochemical
characteristics of tumors. The inclusion criteria were patients with
no history of previous treatment or malignancies, patients who
completed a treatment course, patients with a follow-up of at least
3 months, and patients whose imaging data allowed tumor staging
based on the 2018 International Federation of Gynecology and
Obstetrics (FIGO) cervical cancer staging system.

2.2. Immunohistochemistry

Immunohistochemistry was performed on 3-5-um-thick
sections. The sections were incubated with antibodies against
CgA, Syn, CD56, Ki-67, and PD-L1. PD-L1 immunostaining
was performed using clone 28-8 as an anti-PD-L1 antibody
(Dako, Carpentaria, CA, USA). PD-L1 expression was scored
by counting the total number of PD-L1-positive cells, including
tumor cells, lymphocytes, and macrophages, and dividing by the
total number of living tumor cells x100 [14]. PD-L1 expression
in tissues (or assays) with a score of >1 was considered positive.

2.3. Treatment
2.3.1. RT

The standard protocol included external beam RT (EBRT) and
high-dose-rate brachytherapy (HDR-BT). From January 2009 to
December 2014, EFI was performed in the pelvis and para-aortic
lymph nodes (PALNs) if PALN metastasis was detected at the
initial diagnosis. From January 2015 to December 2020, patients
received EFI routinely. The patients were planned using 3D
conformal RT or intensity-modulated RT. EBRT was performed
using either 40.0 — 46.0 Gy in 20 — 23 fractions or 45.0 — 50.4 Gy
in 1.8 Gy fractions. HDR-BT was performed during or after EBRT
at a dose of 6.0 — 7.0 Gy for each fraction once or twice a week,
with a median total dose of 28.0 Gy (range, 21.0 — 35.0 Gy).
Palliative RT included EBRT with or without brachytherapy.

2.3.2. Chemotherapy

Patients with no contraindications to platinum received
chemotherapy. Therapies included CCRT with etoposide-
platinum (EP) or paclitaxel-platinum (TP), followed by adjuvant
chemotherapy with EP or TP. In addition, a few patients were
treated with chemoradiotherapy involving a single platinum
agent concurrent radiotherapy (CRT) followed by adjuvant
chemotherapy with EP or TP.

2.3.3. Observation and follow-up

The patients were followed up every 3 months for the first
2 years, every 6 months for the next 3 years, and every 12 months
after the 5" year. A physical examination, Papanicolaou smear,
and routine blood tests were performed during the follow-up.
Radiographic examinations were performed if disease recurrence
was suspected. Patient survival with or without recurrence or
metastasis was measured.

2.4. Statistical analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences (SPSS) version 20.0 (SPSS Inc., Chicago,
IL). Median overall survival (OS) and median progression-free
survival (PFS) were estimated using the Kaplan—-Meier method
and compared between groups using the log-rank test. Prognostic
factors were analyzed by Cox regression analysis. P < 0.05 were
considered statistically significant.

DOI: http://dx.doi.org/10.18053/jctres.09.202304.23-00067



274 Li et al. | Journal of Clinical and Translational Research 2023; 9(4): 272-281

2.5. Ethnical statements
2.5.1. Ethical approval

This study was performed in accordance with the principles of the
Declaration of Helsinki and was approved by the Ethics Committee
of Clinical Oncology School of Fujian Medical University, Fujian
Cancer Hospital (Review Number K2022-208-01).

2.5.2. Consent to participate

Informed consent was obtained from all individual participants
included in the study.

2.5.3. Consent to publish

The authors affirm that human research participants provided
informed consent for the publication of the images in Figures 1
and 2, Tables 1-6.

3. Results
3.1. Patients and tumor characteristics

A total of 188 patients with newly diagnosed NECCs were
treated at our center. Of these, 66 patients treated with RT were
included in the study (age: 31 — 86 years; median: 50 years).
Fifty-two (78.8%) patients presented pure NECCs, including 50
with SCNEC, one with LCNEC, and one with SCNEC + LCNEC.
Fourteen cases (21.2%) of NECCs were associated with other
malignancies, including adenocarcinoma (11 cases), squamous
cell carcinoma (two cases), and adenosquamous carcinoma (one
case). Sixty patients with stage IB-III received definitive RT, and
six patients with stage IVB received palliative RT. Treatments
included RT alone (four patients), CRT (four patients), and CCRT
(58 patients).

Disease stages and the respective number of cases were as
follows: IB (1), IIA (7), IIB (14), IIIA (2), IIIB (5), LIIC1 (22),
IC2 (9), and IVB (6). The clinicopathologic features and
treatment modalities are summarized in Table 1.
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Figure 1. Overall survival by International Federation of Gynecology
and Obstetrics stage.

3.2. Immunohistochemistry

Ki-67 protein expression levels were measured in 59 patients.
The number of Ki-67-positive cells in each patient ranged from
20% to 100%, with a median of 75%. Immunohistochemistry
showed that 92.2% (59/64), 41.9% (26/62), and 67.2% (41/61)
patients were positive for Syn, CgA, and CDS56, respectively.PD-
L1 expression was positive in 17 (37.8%) patients.

3.3.08

The follow-up period ranged from 13 to 156 months, with a
median of 33 months. The 3- and 5-year OS was 41.7% and 35.2%,
and 3- and 5-year PFS was 35.6% and 30.6%, respectively. The
S-year OS and PFS were 60.0% and 56.3% in patients with stage
I-TIA and 42.3% and 32.7% in patients with stage 1I1B-IIIc.

The 3-year OS in patients with true and mixed carcinoma was
50.7% and 37.3%, respectively (P = 0.633). Five-year OS in these
groups was 40.0% and 24.9%, respectively (P = 0.400); 3-year
PFS was 42.8% and 27.7% (P = 0.248), and 5-year PFS was
35.3% and 13.8% (P =0.178).

3.4. PD-L1 expression and patient survival

For patients with mixed histology, positive PD-L1 expression
was associated with higher 3-year PFS compared with negative
PD-L1 expression (66.7% vs. 16.7%, P = 0.042). There were no
significant differences in survival between the two pathological
types (Table 2).

Among the 60 patients who received definitive EBRT, whole
pelvis irradiation, EFI, and prophylactic EFI were performed
in 27, 9, and 24 patients, respectively. Thirty-six (54.55%)
patients experienced tumor persistence, recurrence, metastasis,
or progression. Distal metastases were more common in
supraclavicular, mediastinum, and hilum lymph nodes. The most
common hematogenous metastasis was pulmonary in 16 cases
(16/30), hepatic in 10 cases (10/30), bone in 12 cases (12/30),
and pancreatic in four cases (4/30). Brain metastasis occurred in
one case. The survival status of patients is shown in Table 3. The
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Figure 2. Progression-free survival by International Federation of
Gynecology and Obstetrics stage.
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Table 1. Patients, tumor characteristics, and treatment modalities.
Characteristics Number of patients Percentage
Age (years)

<60 50 75.8 (50/66)

>60 16 24.2 (16/66)
Histology

Pure 52

Small-cell neuroendocrine carcinoma 50 75.8 (50/66)

Large-cell neuroendocrine adenocarcinoma 1 1.5 (1/66)

Small-cell+large-cell 1 1.5 (1/66)
Mixed 14

Small-cell neuroendocrine carcinoma and adenocarcinoma 11 16.7 (11/66)

Small-cell neuroendocrine carcinoma and squamous cell carcinoma 1 3.0 (1/66)

Small-cell neuroendocrine carcinoma and adenosquamous carcinoma 2 3.0 (2/66)
FIGO stage

1B 1 1.5 (1/66)

JIVN 7 10.6 (7/66)

1B 14 21.2 (14/66)

IIA 2 3.0 (2/66)

11IB 5 7.6 (5/66)

1IC1 22 33.3 (22/66)

1Ic2 9 13.6 (9/66)

IVB 9.1 (6/66)
Immunohistochemistry

Syn-positive 59 92.2 (59/64)

CgA-positive 26 41.9 (26/62)

CD56-positive 41 67.2 (41/61)
Tumor size (cm)

<4 10 15.2 (10/66)

>4 56 84.9 (56/66)
Lymph node involvement

Pelvic 22 33.3 (22/66)

Pelvic and para-aortic 9 13.6 (9/66)
Radiotherapy

3DCRT 21 31.8 (21/66)

IMRT 45 68.2 (45/66)

Definitive 60 90.9 (60/66)

Palliative 6 16.7% (6/66)
Chemotherapy

TP 28 42.4 (28/66)

EP 31 46.9 (31/66)
Treatment

CCRT 58 45.5 (58/66)

Radiotherapy 6.1 (4/66)

Platinum + radiotherapy 6.1 (4/66)
Number of chemotherapy cycles (EP or TP)

1-3 23 34.9 (23/66)

4-7 36 57.6 (36/66)
Definitive external beam radiotherapy

Pelvic irradiation 27 45.0 (27/60)

Extended-field irradiation 33 55.0 (33/60)
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Table 1. (Continued)

Characteristics Number of patients Percentage

PD-L1-positive

>1 17 37.8 (17/45)

<1 20 44.4 (20/45)

0 8 17.8 (8/45)
Ki-67-positive

<75 14 23.7 (14/59)

>75 45 76.3 (45/59)

3DCRT: 3D conformal radiotherapy; IMRT: Intensity-modulated radiotherapy; CCRT: Concurrent chemo radiotherapy; EP: Etoposide-platinum; TP: Paclitaxel-platinum; CgA: Chromogranin
A, Syn: Synaptophysin

Table 2. Progression-free survival and overall survival based on PD-L1 expression in 45 patients with neuroendocrine cervical carcinoma.

Factors Cases 3-year PFS 5-year PFS 3-year OS 5-year OS
PD-L1 PD-L1 P PD-L1 PD-L1 P PD-L1 PD-L1 P PD-L1 PD-L1 P
Positive  Negative Positive ~ Negative Positive  Negative Positive  Negative
Total 45 454 34 0.559 15.1 34 0.897 39.8 413 0.685 39.8 26.6 0.733
Age (years)
<50 22 37.5 36.9 0.933 0 36.9 0.594 338 423 0.402 338 31.7 0.386
>50 23 57.1 315 0.428 57.1 315 0.428 514 40.4 0.721 51.4 20.2 0.721
Histology
Pure 36 41.7 38.4 0.897 20.8 38.4 0.689 37.3 40.9 0.553 37.7 30.7 0.407
Mixed 9 66.7 16.7 0.042 0 16.7 0.194 50 41.7 0.735 50 0 0.441
FIGO stage
I+11 15 83.3 48.6 0.349 41.7 48.6 0.663 0 51.9 0.405 83.3 34.6 0.708
111 26 333 26.5 0.705 0 26.5 0.902 333 40.1 0.395 333 30.1 0.527
v 4 0 0 0.808 0 0 0.808 0 0 0.695 0 0 0.695
Lymph node involvement
No 17 71.4 52.5 0.624 35.7 52.5 0.927 64.3 52.1 0.867 64.3 34.7 0.875
Pelvic or PALN 28 37.5 19 0.421 0 19 0.601 375 38.1 0.72 37.5 28.6 0.881
Number of chemotherapy cycles
<3 18 333 34.1 0.892 0 34.1 0.515 333 35.1 0.703 333 0 0.368
4-6 27 51.3 36.3 0.741 25.6 36.3 0.890 45.7 62.9 0.332 45.7 252 0.636

PALN: Para-aortic lymph nodes; PFS: Progression-free survival; OS: Overall survival

median PFS and OS were 22.0 and 35.0 months, respectively. In Univariate analysis showed that LNM and FIGO stages
addition, 3- and 5-year PFS was 39.8% and 34.1%, and 3- and predicted 3- and 5-year PFS in patients who received definitive RT
5-year OS was 48.0% and 40.2%, respectively. (Table 4). Multivariate Cox regression analysis demonstrated that
The 3-year OS in patients with stages I+1I, [IIA+B, IIIC1, and FIGO stages were independent factors affecting PFS (Table 5).
IIC2 was 60.5%, 57.1%, 26.5%, and 11.1%,respectively; 5-year There were no significant differences in OS and PFS between
OS in these groups was 53.0%, 57.1%, 17.7%, and 10.3%. The pelvic irradiation and EFI. Furthermore, there was no significant
disease stage increased as survival rates decreased (Figure 1). difference in the incidence of para-aortic failure after CCRT or CRT

Advanced-stage NECC (P = 0.011), lymph node metastasis between patients treated with pelvic irradiation or prophylactic
(LNM), and the number of chemotherapy cycles predicted PFS. EFI (P = 0.147) (Table 6).

The 3- and 5-year PFS was 60.5% and 53.0% in stage I+11I, 57.1%
and 57.1% in stage IIIA+B, 26.5% and 17.7% in stage IIIC1, and
11.1% and 11.1% in stage IT1IC2 (Figure 2). The 3- and 5-year PFS NECC is strongly associated with HPV infections [15],
was 39.7% and 27.6% in patients with LNM and 48.7% and 30.1% providing a rationale for studying the molecular characteristics
in patients without LNM, respectively (P = 0.029). The median of NECC. Since the efficacy of CRT for advanced diseases
OS in patients receiving less than four cycles and at least four is low, it is critical to identify biomarkers associated with
cycles of CT was 26.0 and 44.0 months, respectively (P = 0.038); survival, local control, and DM. PD-L1 is highly expressed
moreover, 3-year and 5-year PFS was 34.1% and 25.7% in the in NECC [16,17] and is thus a potential therapeutic target.
former and 46.4% and 40.4% in the latter (Table 3). PD-L1 expression was positive in more than 50% of patients

4. Discussion
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Table 4. Univariate analysis of progression-free survival and overall survival.
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Factors 3-year PFS 5-year PFS 3-year OS 5-year OS
HR (95%CTI) P-value HR (95%CI) P-value HR (95%CTI) P-value HR (95%CTI) P-value

Median age (years)

<50 1 1 1 1

>50 0.860 (0.438 - 1.689)  0.662 0.797 (0.412 - 1.542)  0.501 1.024 (0.487 —2.153)  0.950 1.047 (0.526 —2.083)  0.896
Histology

Pure 1 1 1 1

Mixed 1.567 (0.730-3.363)  0.249 1.699 (0.817-3.530)  0.156 1.361 (0.578 —3.206)  0.480 1.406 (0.632 -3.128)  0.404
FIGO stage

I+ 1 1 1 1

IA+B 1.530 (0.395-5.982)  0.538 1.401 (0.371 -5.295)  0.619 1.340 (0.346 —-5.195)  0.672 1.077 (0.294 -3.940) 0911

HIC1 2.263 (0.929-5.511)  0.072 2.191(0.942-5.094)  0.069 1.419 (0.558 —=3.607)  0.462 1.180 (0.515-2.702)  0.696

1Ic2 4.769 (1.714 - 13.275) ~ 0.003 4.330(1.609 — 11.649)  0.004 1.915 (0.643 —5.702)  0.243 1.832 (0.691 —4.858)  0.224
Lymph node metastasis

No 1 1 1 1

Pelvic or PALN 2447 (1.168 - 5.129)  0.018 2.389 (1.172-4.871)  0.017 1.435 (0.662 - 3.110)  0.360 1.323 (0.656 —2.669)  0.434
Tumor size (cm)

<4 1 1 1 1

>4 1.740 (0.877 —3.450)  0.113 1.873 (0.956 -3.668)  0.067 1.421 (0.672-3.007)  0.358 1.227 (0.618 —2.439)  0.559
Number of chemotherapy cycles

1-3 1 1 1 1

4-6 0.688 (0.331 -1.434)  0.391 0.694 (0.341 - 1.412) 0.314 0.616 (0.267 — 1.422)  0.256 0.687 (0.322 - 1.463)  0.330
PD-L1 expression

Positive 1 1 1 1

Negative 1.519 (0.624 -3.696)  0.357 1.201 (0.530-2.722)  0.661 0.895(0.351-2.281)  0.816 0.926 (0.387 -2.215)  0.863
Ki-67

<75% 1 1 1 1

>75% 0.985(0.453 -2.144) 0971 0.931 (0.442-1.960)  0.851 1.173 (0.492-2.794)  0.718 1.082 (0.497 —2.353)  0.843

PALN: Para-aortic lymph nodes

with SCNEC [18,19]. In turn, Carroll et al. [20] examined
40 specimens from patients with NECC, including SCNEC
(23 cases), LCNEC (five cases), undifferentiated NECC (three
cases), and mixed NECC (nine cases), and showed that only
two (8%) of 25 patients with pure NECC and three (50%) of
six patients with mixed NECC were PD-L1-positive, and all
28 (100%) samples were microsatellite stable. Another study
found that PD-L1 expression was positive in 10% of patients
with NECC [21]. In our cohort, PD-L1 expression was positive
in 37.8% (17/45) of the patients.

The prognostic value of PD-L1 for cervical cancer is
debatable [22,23]. Kim et al. [24] observed that PD-L1
positivity was associated with lower OS in patients with
gastroenteropancreatic neuroendocrine tumors. Chen et al. [18]
evaluated 46 patients with SCNEC and found that recurrence and
mortality in PD-L1-positive patients were lower than in PD-L1-
negative patients (P = 0.048 and 0.033, respectively). Another
study involving 48 cases of SCNEC showed that PD-L1 positivity
was correlated with high survival in SCNEC (P = 0.039) [19].
In patients with mixed histology, we found that positive PD-L1
expression was associated with higher 3-year PFS compared with
negative PD-L1 expression (66.7% vs. 16.7% , P = 0.042).

DOI: http://dx.doi.org/10.18053/j

Although NECC patients treated with chemoradiotherapy had
satisfactory outcomes, few studies assessed the efficacy of this
type of therapy in NECC patients. NECC has a worse prognosis
than other types of cervical cancer because of the high rates of
early LNM and DM [25,26]. Moreover, prognostic factors of
definitive RT and chemotherapy in locally advanced NECC
patients with stage IB3, ITA2, or IIB-IIIC have not been identified.

There is controversy regarding the effectiveness of radiation
therapy in early-stage NECC [7,27]. Chen et al. [28] reported that
the curative effect of radical surgery was slightly better than that
of RT for stage I-1I patients. However, Ruiz et al. [29] and Hou
et al. [26] observed that RT was as effective as surgery for patients
with early-stage NECC. Patients with late-stage NECC are
successfully treated with RT and chemotherapy [30,31]. A study
based on the SEER database showed that 5-year OS for AJCC
stage III was 28% [25]. In our cohort, 5-year OS was 35.2%,
higher than previously reported (30%) [32]. In addition, 5-year
OS in patients with stage I-ITA and stage IIB-I1Ic2 (LACC) was
56.3% and 42.3%.

LNM is a prognostic factor for carcinoma of the uterine cervix.
Chen ef al. have reported that initial LNM is a poor prognostic
factor for LACC [33]. Yamashita et al. [34] found that PLN and
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Table 5. Multivariate analysis of progression-free survival and overall survival.
Factors 3-year PFS 5-year PFS 3-year OS 5-year OS
HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value

Median age (years)

<50 1 1 1 1

>50 1.479 (0.497 —4.405)  0.482 1.389 (0.490 — 3.938) 0.537 1.173 (0.360 —3.822)  0.792 1.368 (0.438 —4.275)  0.590
Histology

Pure 1 1 1 1

Mixed 1.342 (0.400 — 4.501)  0.633 2.250 (0.733 - 6.907) 0.156 0.495 (0.102 —2.405)  0.383 0.612 (0.163 —2.295)  0.467
FIGO stage

I+11 1 1 1 1

MIA+B 1.386 (0.227 — 8.462)  0.724 1.212 (0.211 — 6.948) 0.829  1.826(0.252-13.240) 0.551  1.713(0.259-11.340) 0.577

IC1 3.948 (1.103 — 14.130)  0.035 3.412(1.044 - 11.152) ~ 0.042  3.446 (0.814 —14.589) 0.093 2.265 (0.635-8.079)  0.208

1c2 6.427 (1.116 —36.997)  0.037 5.231(1.044-26.218)  0.044  2.832(0.323-24.837) 0.347  2.400 (0.384 —14.989)  0.349
Tumor size (cm)

<4 1 1 1 1

>4 0.927 (0.287-2.997)  0.899 1.162 (0.382 —3.532) 0.792 0.739 (0.206 —2.653)  0.643 0.573 (0.173 - 1.901)  0.363
Number of chemotherapy cycles

1-3 1 1 1 1

4-6 0.639 (0.205-1.994)  0.441 0.614 (0.198 — 1.902) 0.398 0.258 (0.057-1.172)  0.079 0.376 (0.093 - 1.526)  0.171
PD-L1 expression

Positive 1 1 1 1

Negative 1.061 (0.344-3.268)  0.918 0.878 (0.299 — 2.578) 0.813 0.430 (0.121 - 1.532)  0.193 0.453 (0.136 - 1.501)  0.195
Ki-67

<75% 1 1 1 1

>75% 1.131 (0.323 -3.968)  0.847 0.819 (0.253 —2.653) 0.740 0.897 (0.208 —3.876)  0.938 1.330 (0.241 —3.653)  0.926
HR: Hazard ratio; CI: Confidence interval
Table 6. Para-aortic failure after pelvic irradiation and prophylactic extended-field irradiation.
Pelvic lymph node Pelvic irradiation Prophylactic extended-field irradiation P-value

Cases Para-aortic failure Failure rate Cases Para-aortic failure Failure rate

Yes 14 6 22.2% (6/27) 10 1 4.2% (1/24) 0.172
No 13 1 3.7% (1/27) 14 1 4.2% (1/24) 1.000
Total 27 7 25.9% (7/27) 24 2 8.3% (2/24) 0.147

PALN status significantly affected survival, and PALN metastasis
was the most important prognostic factor for LACC. Similarly,
for neuroendocrine tumors of the uterine cervix, PALN metastasis
was associated with poor survival [35]. In our cohort, univariate
analysis showed that LNM and FIGO stages predicted 3-and 5-year
PFS, and multivariate Cox regression analysis demonstrated that
FIGO stages predicted 3-and 5-year PFS in patients treated with
definitive RT.

Pelvic RT combined with prophylactic EFI can reduce the
incidence of para-aortic failure in patients without positive PALN
on imaging. However, whether prophylactic EFI can reduce para-
aortic failure in patients with cervical cancer is unknown [36].
Hoskins et al. [30] analyzed 31 cases of SCNEC, including
17 patients treated with CCRT and EBRT (PLN plus or minus
PALN) and 14 treated with CCRT combined with the routine
irradiation of PALNSs. The outcomes of the two irradiation methods
were similar: 3-year OS and failure-free survival were 60% and

57%, respectively. In our cohort, metastasis to PALNs alone
after treatment occurred in one case, and metastasis to PALNs
associated with LN metastasis in other sites or hematogenous
metastasis occurred in nine cases. Prophylactic EFI did not
significantly improve PFS and OS, irrespective of PLN metastasis.
Nonetheless, larger clinical trials are needed to assess the efficacy
of prophylactic EFT in NECC.

Zivanovic et al. [37] support the use of chemotherapy for distant
control and radiation therapy for the local control of SCNEC. In
chemoradiotherapy for patients with stage 1IB-IVB SCNEC, at
least five cycles of primary chemotherapy with etoposide and
platinum were associated with significantly higher 5-year disease-
free survival (42.9% vs. 11.8%, P = 0.041) and OS (45.6% vs.
17.1%, P = 0.035) than fewer cycles. In addition, more than five
cycles of CCRT and EP therapy were associated with higher
S-year disease-free survival (62.5% vs. 13.1%, P = 0.025) and
OS (75.0% vs. 16.9%, P =0.016) [38]. Ishikawa et al. [35] found
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that less than four cycles of chemotherapy were associated with
lower OS in patients with cervical neuroendocrine tumors. In our
cohort, compared with less than four cycles of chemotherapy, four
or more cycles were associated with significantly higher 3-year
PFS (46.4% vs. 34.1%) and 5-year PFS (40.4% vs. 25.7%) and
significantly higher 3-year OS (57.6% vs. 31.6%) and 5-year OS
(48.6% vs. 25.2%).

This study has limitations. First, the small number of cases
with a complete follow-up, the single-center design, and changes
in the treatment plan and FIGO staging during the study period
(2009 — 2020) may have caused bias in selection, implementation,
and measurements. Second, the retrospective design did not allow
assessing the clinical effects of anti-PD-L1 therapies in NECC.
Third, immunohistochemistry has a limited ability to detect PD-
L1 because of the heterogeneity of PD-L1 expression in tumor
specimens.

5. Conclusion

Positive PD-L1 expression was associated with higher 3-year
PFS in patients with mixed histology. RT for patients with early
NECC has the same effect as surgery and is effective for treating
locally advanced disease. Four or more cycles of chemotherapy
are more effective than a smaller number of courses. Prophylactic
EFI did not significantly improve PFS and OS. Nonetheless, the
effects of prophylactic EFI should be further studied.
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Background: Celiac disease is an autoimmune condition characterized by serological and
histopathological manifestations associated with gluten ingestion.

Aim: This report investigates histopathological findings in all celiac disease patients of both genders
enrolled for duodenal biopsy from June 2015 to May 2020 in four centers in Najran, Saudi Arabia.
Methods: This retrospective study assessed data retrieved from archived histopathology records. The data
were analyzed using Prism GraphPad 6. Categorical variables were examined using descriptive statistics,
including frequency and percentages. A Chi-square test was used to assess the association between gender
and age, clinical presentation, and histopathological changes. P < 0.05 was considered as significant.
Results: The study included 150 celiac disease patients, of whom 104 were female (69.3%), with most
aged between 31 and 40 years (33.3%). Regarding clinical presentation, the majority of patients (62%)
presented with gastrointestinal symptoms. Almost half of the duodenal biopsies (71 cases, 47.3%) showed
shortened villi caused by partial atrophy, which is consistent with Grade B1 according to Corazza and
Villanaci criteria, and Type 3A and 3B lesions according to the Marsh—Oberhuber classification. The
second most frequent histopathological finding was an increased abundance of intraepithelial lymphocytes
in the absence of villous atrophy, which was found in 56 biopsies (37.3%) and categorized as Grade A.
Conclusions: Females are affected by celiac disease more than males in Najran and the majority presented
as having typical celiac disease with gastrointestinal symptoms. Most of the diagnosed cases of celiac
disease ranged between Grades A and B1, with less involvement of the severe degree Grades B2 and 3C,
according to Corazza and Villanaci’s criteria and the Marsh—-Oberhuber classification. Despite the absence
of any association between gender, age, or clinical presentation, there were significant associations between
gender and histopathological findings, grading, and classification of celiac disease lesions. Finally, the
presence of asymptomatic patients (12.7%) indicates the importance of celiac disease screening.
Relevance of Patients: This study might be considered a reference for pathologists assessing the
duodenal biopsies for patients screened for celiac disease in Najran.

1. Introduction

Celiac disease is an autoimmune condition characterized by serological and
histopathological manifestations associated with the ingestion of gluten, an alcohol-soluble
group of proteins present in different cereals such as wheat, barley, and oats [1]. During the
last few decades, there have been significant developments in understanding the diagnosis,
pathogenesis, and clinical presentation of this condition [2]. Celiac disease associates
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with gastrointestinal and/or extraintestinal symptoms; typical
celiac disease is characterized by varying degrees of severity
of gastrointestinal symptoms, while atypical presentation of the
disease is more frequent, and is characterized by an absence of
gastrointestinal symptoms [3,4].

Gastrointestinal findings in typical celiac disease include
persistent diarrhea, abdominal pain, distension, vomiting, and
weight loss. The extraintestinal findings are variable and might
be non-specific, including chronic fatigue, skin inflammatory
disorders, joint pain, anemia, migraines, psychiatric disorders,
epilepsy, osteoporosis, infertility, frequent fetal loss, short stature,
failureto thrive, dental abnormalities, multiple vitamin deficiencies,
and autoimmune disorders [5]. In addition, a latent form of celiac
disease is characterized by the presence of predisposing genetic
factors such as the presence of human leukocyte antigen (HLA)-
DQ2 and/or HLA-DQS8, normal intestinal mucosa, and the usual
positive profile of celiac serology [6].

Early diagnosis and treatment of celiac disease are essential
mainly in the pediatric age group. This is because certain
complications of celiac disease may be irreversible, such as growth
retardation, abnormal teething, and osteoporosis. Several studies
in the literature suggest prolonged breastfeeding and a delayed
gradual introduction of gluten in the 1% year of life to reduce the
risk of celiac disease development [7]. The diagnosis of celiac
disease is based on the presence of a predisposing genetic factor,
positive histopathological biopsy, and the presence of serological
antibodies that are released on gluten ingestion [2]. The most
available and effective treatment for celiac disease patients is a
lifelong gluten-free diet [8]. This generally leads to improvements
in patients within weeks, and normal mucosal histology is regained
after several years [9]. However, Vitamin B deficiency may affect
patients because of long gluten-free diets, and patients are advised
to take gluten-free multivitamins [10]. In this context, despite
a lack of reports which link the consumption of milk and dairy
products to the progression of celiac disease [11], celiac disease
patients are advised to avoid such staples because of abnormal
intestinal absorption [12].

The current report aims to investigate histopathological findings
retrospectively in celiac disease patients enrolled for duodenal
biopsy in Najran, since this is considered one of the diagnostic
criteria, along with serology and genetic testing.

2. Materials and Methods

A retrospective study was conducted after receiving approval
from the Local Ethical Committee at the College of Medicine,
Najran University. As mentioned previously, this study aims to
investigate histopathological findings in celiac disease patients
enrolled for duodenal biopsy. The study included all patients who
attended the Departments of Pathology/Histopathology at the
King Khalid Hospital, Najran General Hospital, Maternity and
Child Hospital, and Najran University Hospital from June 2015 to
May 2020, and data were retrieved from the records of confirmed
cases. The inclusion criteria comprised all cases that were reported
by histopathology, and graded and/or classified according to the

Villanaci and Ceppa [13]; Corazza and Villanaci [14]; and/or
Marsh—Oberhuber criteria [15]. These criteria were suggested to
simplify histopathological reporting and consequently to facilitate
communication between pathologists and clinicians. Celiac
disease lesions were divided into two categories according to the
Corazza and Villanaci criteria, as follows: (1) Grade A non-atrophic
lesions, characterized by an increased number of intraepithelial
lymphocytes with intact villi and (2) Grade B trophic lesions
with further subcategorization into B1, in which villi were still
identifiable, and B2, in which villi were totally atrophic [14].
Grade A lesions correspond to Type 1 and Type 2 lesions based
on the Marsh—Oberhuber classification and are usually identified
by immunohistochemical staining for cluster of differentiation
(CD) 3, which is specific for T lymphocytes [2]. Grade B1 lesions
correspond to Class 3A and 3B lesions according to the Marsh—
Oberhuber classification, while Grade B2 lesions of Corazza and
Villanaci correspond to Marsh—Oberhuber class 3C [2].

Crombie’s items, the appraisal tool for cross-sectional studies,
and the Agency for Health-care Research and Quality methodology
checklist for cross-sectional/prevalence studies (Table S1), were
used to assess selection bias [16].

Data were analyzed using Prism GraphPad 6 for Windows,
version 6.07 (CA, USA). Categorical variables were analyzed
using descriptive statistics, including frequency and percentages.
A Chi-square test was used to assess the association between
gender, age, and clinical presentation. P < 0.05 was considered as
significant results.

3. Results

This study included 150 celiac disease patients who were
diagnosed from June 2015 to May 2020, and no cases have been
excluded from the study. As shown in Figure 1 regarding case
distribution during this period, most cases were diagnosed in 2019
— 2020 (61, 40.7%). In 2018, there were 51 cases (34%), while
there were 18 cases (12%) in 2016 — 2017. The least number of
diagnosed cases was in 2015 — 2016 (8 cases, 5.3%), followed by
2017 —2018 (12 cases, 8%).

As detailed in Table 1, this study included 46 males (30.7%)
and 104 females (69.3%), and most of the patients were between
31 and 40 years old (33.3%, 17 males, 33 females). Patients
aged between 20 and 30 years comprised 32% (14 males and
34 females) of the diagnosed cases, and those aged between
41 and 50 years accounted for 17.3% (9 males and 17 females) of
cases. There were only 15 patients (10%) under 20 years old (three
males and 12 females) and 11 patients over 50 years old (6% aged
51 — 60 years, and 1.3% aged more than 60 years). There was
no significant association between gender and the different age
groups (P = 0.82).

Regarding the clinical presentation of the patients, the majority
(62%, 28 males, 65 females) presented with gastrointestinal
symptoms, including abdominal pain, diarrhea, and abdominal
distention. In addition, 20% (10 males and 20 females) of patients
presented with anemia, 12.7% (six males and 13 females) were
asymptomatic, and 5.3% presented with a history of failure to
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thrive (two males and six females). There was no significant
association between gender and the different clinical presentations
(P=0.97).

Table 2 illustrates the histopathological findings of duodenal
biopsies, grades of celiac disease according to Corazza and
Villanaci criteria, and histopathological classification according
to Marsh—Oberhuber criteria. Almost half of duodenal biopsies
(71 cases, 47.3%) showed shortened villi caused by partial
atrophy, which is consistent with Grade B1 according to Corazza
and Villanaci criteria, and Type 3A/3B lesions according to
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Figure 1. Case distribution of patients diagnosed with celiac disease per
year (n=150).

Table 1. Gender, age, and presentation of celiac disease patients (n=150)
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Marsh—Oberhuber classification. Interestingly, most of these
patients were females (74.6%), while only 18 were males.

The second most notable histopathological finding was an
increased frequency of intraepithelial lymphocytes without villous
atrophy, which was found in 56 biopsies (37.3%) and classified as
Grade A according to Corazza and Villanaci criteria, and Type 1/
Type 2 lesions according to the Marsh—Oberhuber classification.
In 23 patients (15.3%), there was severe subtotal villous atrophy,
assigned as Grade B2 according to Corazza and Villanaci
criteria and Type 3C lesions according to the Marsh—Oberhuber
classification. This group comprised 13 males (56.5%), compared
to only 10 females. Finally, there was a significant association
(P = 0.01) between gender and histopathological observations,
grading, and classification of celiac disease lesions.

4. Discussion

This 5-year retrospective study aimed to investigate
histopathological features in duodenal biopsies from celiac disease
patients enrolled in different hospitals in Najran, Saudi Arabia.
This work is a continuation of other previously published studies
that assessed the histopathological and cytological patterns of
different diseases in the region [17,18] and included 150 cases that

Parameter No. %
Gender
Male 46 30.7
Female 104 69.3
Male Female P value (Chi-square, degrees of freedom)
Age
<20 15 10 3 12 0.82 (2.22, 5)
20-30 48 32 14 34
31-40 50 333 17 33
41-50 26 17.3 9 17
51-60 6
More than 60 1.3 0
Presenting symptoms
Asymptomatic 19 12.7 6 13 0.97 (0.242, 3)
Gastrointestinal symptoms: abdominal pain, diarrhea, and abdominal distention 93 62 28 65
Failure to thrive 8 53 2 6
Anemia 30 20 10 20

Table 2. Histopathological findings, grading, and classification of celiac disease lesions

Histopathological findings Grade of celiac disease according Histopathological classification Number %  Male Female P value (Chi-square,

to Corazza and Villanaci criteria according to Marsh— of cases degrees of freedom)
Oberhuber criteria

Increased intraepithelial Grade A/Type 1 Type 1 lesion 56 373 15 41 *P=0.01 (8.57,2)

lymphocytes without villous Type 2 lesion

atrophy

Villi present but shortened as  Grade B1/Type 2 Type 3A lesion 71 473 18 53

a result of partial atrophy Type 3B lesion

Subtotal and complete villous Grade B2/Type 3 Type 3C lesion 23 153 13 10

atrophy
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were diagnosed with celiac disease from June 2015 to May 2020.
The histopathological grading and classification have clinical
importance for clinical follow-up and indicate whether such
grades reduce in severity, are maintained, or deteriorate [19]. In
this report, according to the criteria of Villanaci and Ceppa [13];
Corazza and Villanaci [14]; and Marsh—Oberhuber [15], Grade A
lesions were found in 56 patients (37.3%) as the second most
common histopathological pattern after Grade B1 lesions, which
were found in 71 patients (47.3%; Table 2). Moreover, only
15.3% of the cases were classified as Grade B2 and Class 3C.
This indicates that most of the diagnosed celiac disease cases in
Najran range between Grades A and B1, with less involvement
of severe Grade B2 and Class 3C. However, despite the absence
of any observed associations between gender and age or clinical
presentation, contrary to what has been published before [20],
there were significant associations between gender and the
histopathological findings, grading, and classification of celiac
disease lesions. Male patients were diagnosed to have mainly
Grades Bl (18 males, 39.1%) and B2 (13 males, 28.3%),
while female patients were reported to have mostly Grades A
(41 females, 39.4%) and B1 (53 females, 51%) lesions.

The prevalence of celiac disease in Western countries
ranges from 1% to 2%. In Saudi Arabia, while there is no clear
data regarding the prevalence of celiac disease, studies from
different cities and regions have estimated a prevalence range of
1%-3% [21-23]. A meta-analysis conducted in 2018 concluded
that the prevalence of histopathology-proven celiac disease cases
is about 1.4%, and that seroprevalence is around 2.7% [24]. One
of the largest studies in Saudi Arabia was performed in 2013,
and included 1167 healthy adolescents for screening in three
different regions [25]; this investigation revealed a celiac disease
seroprevalence rate of 2.2%. A notable mass screening study to
determine the prevalence of celiac disease in Riyadh reported
a high prevalence of the disease (1.5%) among Saudi children,
which is at least double that in Europe and North America [26].
In this report, the prevalence was not studied in detail and was
not one of the objectives. However, during the collection of
gastrointestinal cases assessed by histopathology in our 5-year
study period, the number of celiac disease cases was noted to be
150 out of 9406 (1.6%), which is consistent with previous reports
in other regions of the country.

Regarding celiac disease case distribution through the study
period (Figure 1), the highest frequency was in 2019, with
61 cases diagnosed with celiac disease (40.7%). The second
highest frequency was in 2018, with 51 cases (34%), followed
by 2016 (18 cases, 12%) and 2017 (12 cases, 8%), and the
lowest in 2015 (8 cases, 5.3%). Regarding gender differences,
males and females are comparable in terms of prevalence and
presentation [27]. However, the number of affected females has
been reported to be higher than that of affected males [28,29],
consistent with the observations of this study (Table 1). Females
comprised more than two-thirds of the cases (104 cases, 69.3%).
Conversely, gender is not of clinical significance in follow-up, and
males and females have comparable disease courses after adhering
to a gluten-free diet [20].

Celiac disease patients present with various signs and
symptoms, such as abdominal distention, diarrhea, abdominal
pain, weight loss, anemia, and bone disease. Despite the increased
global prevalence of celiac disease, a significant number of celiac
disease patients are still undiagnosed [30]. A variety of reasons
for this have been discussed in the literature, including the patchy
appearance of mucosal pathology in celiac disease, insufficient
or non-representative biopsy for histopathological assessment,
variability in histopathology reporting, and the presence of
asymptomatic patients [31-34]. The last observation is consistent
with the results of this study (Table 1), where the asymptomatic
patient group consisted of 19 cases (12.7%). Although typical
celiac disease presenting with gastrointestinal symptoms was less
common than that presenting with extra-intestinal symptoms [2-4],
the former group comprised 93 cases (62%) in this report, and the
most affected age group was 31 — 40 years (33.3%), followed by
21 — 30 years (32%). In this report, the atypical extraintestinal
celiac disease presentation group [35] included 30 cases of anemia
(20%) and 8 cases of failure to thrive (5.3%).

Finally, the pathogenesis of celiac disease has been linked
to various microbial species, including Helicobacter pylori. In
this study, only 2% of the patients had any history of H. pylori
infection (data not shown). This was contrary to several studies
that found a high prevalence of H. pylori infection in celiac
disease patients [36]. However, some studies have reported no
relationship or correlation between the presence of H. pylori and
pathogenesis of celiac disease [37,38], which may support the
observation of this report in this regard.

In conclusion, females are affected by celiac disease more than
males and most of the patients are aged between 31 and 40 years.
Regarding the clinical presentation of the patients, the majority
(62%) presented with typical celiac disease with gastrointestinal
symptoms, including abdominal pain, diarrhea, and abdominal
distention. Most of the diagnosed cases of celiac disease in Najran
range between Grades A and B1, with less involvement of the
severe degree Grade B2 and Class 3C, according to Corazza
and Villanaci criteria and the Marsh—Oberhuber classification,
respectively. Despite the absence of any association between
gender and age or clinical presentations, there was a significant
association between gender and the histopathological findings,
grading, and classification of celiac disease lesions. Finally, the
presence of asymptomatic patients (12.7%) may indicate the
importance of celiac disease screening.
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Table S1. Checklist for bias assessment

Major components Response options

The Appraisal tool for Cross-Sectional Studies (AXIS tool; last introduced on December 8, 2016)

Introduction
1. Were the aims/objectives of the study clear? Yes No Do not know/comment
Methods
2. Was the study design appropriate for the stated aim (s)? Yes No Do not know/comment
3. Was the sample size justified? Yes No Do not know/comment
4. Was the target/reference population clearly defined? (Is it clear who the Yes No Do not know/comment
research was about?)
5. Was the sample frame taken from an appropriate population base Yes No Do not know/comment
so that it closely represented the target/reference population under
investigation?
6. Was the selection process likely to select subjects/participants that were Yes No Do not know/comment
representative of the target/reference population under investigation? Not applicable
7. Were measures undertaken to address and categorise non-responders? Yes No Do not know/comment
Not applicable
8. Were the risk factor and outcome variables measured appropriate to the Yes No Do not know/comment
aims of the study? Not applicable
9. Were the risk factor and outcome variables measured correctly using Yes No Do not know/comment
instruments/measurements that had been trialed, piloted or published Not applicable
previously?
10. Is it clear what was used to determined statistical significance and/or Yes No Do not know/comment
precision estimates? (e.g., P values, CIs)
11. Were the methods (including statistical methods) sufficiently Yes No Do not know/comment
described to enable them to be repeated?
Results
12. Were the basic data adequately described? Yes No Do not know/comment
13. Does the response rate raise concerns about non-response bias? Not Yes No Do not know/comment
applicable
14. If appropriate, was information about non-responders described? Not Yes No Do not know/comment
applicable
15. Were the results internally consistent? Yes No Do not know/comment
16. Were the results for the analyses described in the methods, presented? Yes No Do not know/comment
(Contd...)
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Table S1. (Continued)

Major components Response options
The Agency for Healthcare Research and Quality (AHRQ) Methodology Checklist for Cross-Sectional/Prevalence Study Website: http://www.ncbi.nlm.nih.
gov/books/NBK35156/
1. Define the source of information (survey, record review) Yes No Unclear
2. List inclusion and exclusion criteria for exposed and unexposed Yes No Unclear
subjects (cases and controls) or refer to previous publications
3. Indicate time period used for identifying patients Yes No Unclear
4. Indicate whether or not subjects were consecutive if not population-based Yes No Unclear
5. Indicate if evaluators of subjective components of study were masked to Yes No Unclear
other aspects of the status of the participants
6. Describe any assessments undertaken for quality assurance Yes No Unclear
purposes (e.g., test/retest of primary outcome measurements) Not
applicable
7. Explain any patient exclusions from analysis Yes No Unclear
8. Describe how confounding was assessed and/or controlled Not applicable Yes No Unclear
9. If applicable, explain how missing data were handled in the analysis Not Yes No Unclear
applicable
10. Summarize patient response rates and completeness of data collection Yes No Unclear
Not applicable
11. Clarify what follow-up, if any, was expected and the percentage of Yes No Unclear
patients for which incomplete data or follow-up was obtained Not
applicable
Crombie’s items
1. Appropriateness of design to meet the aims Yes (1 point) Unclear (0.5 point) No (0 point)
2. Adequate description of the data Yes (1 point) Unclear (0.5 point) No (0 point)
3. Report the response rates: not applicable Yes (1 point) Unclear (0.5 point) No (0 point)
4. Adequate representativeness of the sample to total Yes (1 point) Unclear (0.5 point) No (0 point)
5. Clearly stated aims and likelihood of reliable and valid measurements Yes (1 point) Unclear (0.5 point) No (0 point)
6. Assessment of statistical significance Yes (1 point) Unclear (0.5 point) No (0 point)
7. Adequate description of statistical methods Yes (1 point) Unclear (0.5 point) No (0 point)
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Background: Both endoscopic keyhole and microscopic keyhole techniques are considered minimally
invasive approaches. However, it is still unclear which is superior in treating cervical radiculopathy.
Aim: This study aimed to compare the clinical outcomes of the two methods for cervical radiculopathy.
Methods: Seventy-one patients with cervical radiculopathy caused by single-level disc herniation
were retrospectively reviewed. These patients were treated with the endoscopic keyhole technique
(EKT) (34 cases, classified as EKT group) or the microscopic keyhole technique (37 cases, classified
as MKT group). Magnetic resonance imaging (MRI), neck disability index (NDI), and visual analog
scores (VAS) were employed to assess clinical outcomes. All patients were followed up for at least
24 months.

Results: The average operative time (71.0 = 15.2 min vs. 63.7 + 18.9 min, P = 0.131), blood loss
(56.1 £ 18.2 ml vs. 64.4 = 13.5 ml, P = 0.068), and hospital stay (24.9 = 5.6 h vs. 28.3 + 7.1 h,
P =0.061) between the EKT and MKT groups were not significantly different. Postoperative MRI
demonstrated that effective neural decompression was obtained in all cases after surgery. The NDI
in both groups was significantly decreased from pre- to postoperatively (EKT group: 32.8 + 9.4 vs.
9.2 +£3.6, P <0.001; MKT group: 36.2 + 11.3 vs. 10.5 £ 4.1, P < 0.001), VAS (EKT group: 5.6 +
2.3vs.1.5+£1.0, P<0.001; MKT group: 6.2 +2.1 vs. 1.9 £ 0.8, P <0.001). Nine patients in the EKT
group underwent revision surgery due to recurrent disc herniation compared with 2 patients in the
MKT group (P = 0.034). The interval time from primary surgery to revisional surgery was shorter in
the EKT group than in the MKT group (21 + 5.8 weeks vs. 29 + 7.2 weeks, P < 0.001). There were
2 patients with temporary nerve root irritation and 1 patient with cerebrospinal fluid leak that occurred
in the EKT group versus 1 patient who suffered nerve root irritation in the MKT group (P = 0.547).
Conclusions: Both EKT keyhole and microscopic keyhole techniques are effective in treating cervical
radiculopathy. However, compared with the microscopic keyhole technique, the EKT brings about a
higher revision surgery rate with a shorter interval time from index surgery to revision surgery.
Relevance for Patients: These findings suggest that the microscopic keyhole technique seems to be a
better way of treating cervical radiculopathy.

1. Introduction

Cervical radiculopathy is defined as a clinical syndrome of sensorimotor deficits due to
compression on the cervical nerve root [1]. Facet joint spondylosis and herniation of the
intervertebral disc are the most common causes of nerve root compression [2]. Patients
present with pain, tingling, numbness, or even weakness in the upper extremity [2].

Surgical management for cervical radiculopathy mainly includes anterior cervical
discectomy and fusion (ACDF), cervical foraminotomy via an anterior or posterior approach,
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and cervical arthroplasty with decompression [3-6]. ACDF has
been widely performed and is considered the standard surgical
treatment for cervical degenerative disc disease [7]. This procedure,
however, usually results in the loss of motion at the operated level
and accelerates adjacent segmental degeneration [8,9]. In addition
to graft-site complications, dysphagia, esophageal perforation,
and pseudoarthrosis may also occur in ACDF. Posterior cervical
foraminotomy is an appropriate alternative since it is a motion-
preserving and minimizing adjacent segmental degeneration
technique. The posterior approach is especially feasible for patients
whose soft disc herniation originates from the posterolateral
location, lying lateral to the cord and compressing the nerve root. It
is also appropriate for osteophytes originating from the facet joint,
and arm symptoms are more severe than neck symptoms [10,11].

The importance of reducing damage, particularly to muscles that
maintain segmental stability, has been widely recognized [12]. The
concept that less invasive decompression could yield better results
has givenrise to the development of minimally invasive techniques,
such as microscope-assisted keyhole discectomy and the recently
developed percutaneous endoscopic keyhole discectomy. Both of
them are considered minimally invasive approaches. However, no
literature has reported which one is superior in treating cervical
radiculopathy. This study aimed to compare the clinical outcomes
of endoscopic keyhole and microscopic keyhole discectomy in
treating cervical radiculopathy.

2. Materials and Methods
2.1. Patients

From September 2018 to November 2022, 71 consecutive
patients aged 29—75 years with single-level cervical radiculopathy
were reviewed in four hospitals. A retrospective study was
performed in patients treated with endoscopic keyhole discectomy
(n = 34) and microscopic keyhole discectomy (n = 37). The
inclusion criteria for this study were (1) unilateral posterolateral
soft disc herniation demonstrated by magnetic resonance imaging
(MRI), (2) unilateral radicular symptoms with or without neck
pain consistent with MRI findings, and (3) failure of conservative
treatment for at least 6 weeks. The exclusion criteria were as
follows: previous cervical surgical history, myelopathic symptoms,
segmental instability, cervical kyphosis, massive, sequestered disc
prolapse, cervical axial pain, and discitis. This study was designed
in conformity with the Declaration of Helsinki, and informed
consent was obtained from eligible patients. The demographic
data of the patients are shown in Table 1.

2.2. Surgical procedures

In the microscopic keyhole group, the patient’s head was fixed
by the Mayfield frame in the Concorde position after general
anesthesia. The incision level was determined by fluorography.
First, a longitudinal initial incision approximately 10 mm
lateral to the midline was made on the pathologic side. Under
fluoroscopic guidance, a K-wire was advanced from the incision
and was docked at the inferomedial portion of the lateral mass of
the surgical level. The incision was elongated to 20 mm, followed

Table 1. Patient demographics

Parameter EKT (n=34) MKT (n=37) P-value
Age (year) 56.5+£12.8 61.7+14.2 0.172
Gender (M/F) 15/19 20/17 0.549
Follow-up time (month) 31.846.3 29.5+5.1 0.154
Operative time (min) 71.0+15.2 63.7£18.9 0.131
blood loss (ml) 56.1+18.2 64.4+£13.5 0.068
hospital stay (h) 24.9+5.6 28.347.1 0.061
Operative level

C3/4 3 1

C4/5 8 9

C5/6 13 17

Ce/7 10 8

C7/T1 0 2

EKT: Endoscopic keyhole technique; M: Male; F: Female

by muscular blunt dissection with tubular dilators (Figure 1A).
An 18- or 20-mm tubular retractor was placed around the dilator
and fixed on the laminofacet junction with a table-mounted
flexible arm (Figure 1B). Next, the dilator was removed, and the
surgical field was amplified and focused under the microscope.
Bipolar cautery and pituitary rongeurs were used to conduct
hemostasis and clear the remaining soft tissue off the lateral mass
and lamina (Figure 1C). Then, a high-speed burr was utilized to
resect the medial one-third of the inferior articular process of
the cephalad vertebra until the superior articular process of the
caudal vertebrae could be visualized (Figure 1D). After that, a
small upangled curette was used to gently detach the ligamentum
flavum from the undersurface of the inferior edge of the lamina,
and a Kerrison rongeur was used to resect the medial one-third
of the exposed superior articular process of the caudad vertebra.
Finally, the herniated disc fragment was exposed and removed
by a pituitary rongeur after slightly retracting away the dura and
nerve root (Figure 1E). The target nerve root could be completely
decompressed and checked under microscopic visualization
(Figure 1F). A typical case treated by microscopic keyhole
discectomy is presented on MRI (Figure 2).

Compared with the microscopic keyhole technique, the
procedures of the endoscopic keyhole technique (EKT) were
different as follows: the patient laid in the same position as
mentioned above after general anesthesia. First, under fluoroscopic
guidance, a K-wire was advanced from a 7 mm incision and docked
at the inferomedial portion of the lateral mass of the surgical level.
Tubular dilators were used to bluntly dissect muscles, and then
the dilator was removed after a working channel was established.
Second, a 5.9 mm endoscope was inserted through the working
channel to obtain the vision of the margin of the superior lamina,
inferior lamina, and medial facet joint after clearing off the attached
soft tissue. Third, a keyhole foraminotomy was performed at the
lamina-facet junction by using a 3 mm diamond burr and a bone
punch. Then, the lateral edge of the dura and the nerve root was
identified, and discectomy was performed using micropituitary
forceps (Figure 3). A typical case treated by endoscopic keyhole
discectomy is presented in Figure 4.
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Figure 1. The procedure of the microscopic keyhole technique. (A) Lateral fluoroscopic image confirmed the interest level and demonstrated the
starting dilator advancement over the target level. (B) The final 20-mm tubular retractor was placed over the dilators and fixed into place over the
laminofacet junction with a table-mounted flexible retractor arm. (C) The surgical field was amplified and focused under the microscope, and the
inferior articular process of C6 and the superior articular process of C7 were visualized. (D) After a high-speed burr was utilized to resect the medial
third of the inferior articular process of C6 and the superior articular process C7, the yellow ligament was presented. (E) After detachment of the
ligamentum flavum from the undersurface of the inferior edge of the lamina and resection of the medial third of the exposed facet joint of C6-C7, the
herniated disc and compressed C7 nerve root were exposed. (F) The herniated disc fragment was removed by a pituitary rongeur, and then the C7 nerve

root was completely decompressed.

2.3. Clinical evaluations and management

Preoperative and postoperative MRI was compared to evaluate
neural decompression. The neck disability index (NDI) and visual
analog scale (VAS) scores were recorded to assess intragroup and
intergroup neurological functions. Operative time, blood loss, and
hospital stay were documented. Surgery-related complications
such as neurological deficits and leakage of cerebrospinal fluid
(CSF) were recorded to evaluate surgical safety. All patients were
followed up for at least 24 months.

Antimicrobials were intravenously administered half an
hour before surgery in all patients just once. Analgetic acid was
routinely administered for all patients for 72 h postoperatively.
General activity was suggested on the 2™ day after surgery.
A cervical collar was suggested for use for 2 weeks.

2.4. Statistical analysis

All statistical analyses were performed by IBM SPSS Statistics ver.
19.0 (IBM, Armonk, NY, USA). Preoperative and postoperative data
were compared by paired t-tests. Independent samples t-tests were
used to compare corresponding data between EKT and MKT groups.
The revision surgery rate and complication rate were compared by
the Chi-square test. Data are presented as mean + standard deviation.
A P <0.05 was considered statistically significant.

3. Results
3.1. Operative outcomes

Seventy-one consecutive patients were retrospectively
reviewed in this study. All patients’ incisions were primarily
healed. The average operative time was 71.0 = 15.2 min in the

EKT group and 63.7 £ 18.9 min in the MKT group (P = 0.131).
The estimated blood loss was 56.1 + 18.2 ml in the EKT group
versus 64.4 + 13.5 ml in the MKT group (P = 0.068). Additionally,
the hospital stay (24.9 + 5.6 h vs. 28.3 = 7.1 h for EKT vs. MKT
group, respectively, P = 0.061) was not significantly different.

3.2. NDI and VAS assessments

The NDI in the EKT group was significantly decreased
from 32.8 £ 9.4 preoperatively to 9.2 + 3.6 (P < 0.001) 2 years
postoperatively. The NDI in the MKT group decreased from 36.2
+ 11.3 preoperatively to 10.5 £ 4.1 2 years postoperatively (P <
0.001). VAS in the EKT group decreased from preoperative 5.6
+ 2.3 to postoperative 2 years 1.5 £ 1.0 (P < 0.001), while in the
MKT group, VAS decreased from 6.2 = 2.1 to 1.9 + 0.8 after
surgery 2 years (P < 0.001). The improvement in NDI in the EKT
group and that in the MKT group were not significantly different
(23.4 £ 5.7 vs. 25.3 £ 7.6, P = 0.313). The same was true for the
improvements in VAS between the two groups (4.1 £ 1.2 vs. 4.3
+ 1.4, P = 0.583). Comparing with the EKT group, the VAS and
NDI were similarly ameliorated in the MKT group at 3 months
and 2 years postoperatively (Table 2).

3.3. Surgery-related complications and revision surgery

MRI demonstrated that effective neural decompression was
observed in all cases after primary surgery. Nine patients in the
EKT group underwent revision surgery because of recurrent disc
herniation versus 2 patients in the MKT group (P = 0.034). The
interval time from primary surgery to revision surgery was shorter
in the EKT group than in the MKT group (Table 3). There were
2 patients with temporary nerve root irritation and 1 patient with
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Figure 2. Preoperative and postoperative magnetic resonance imaging
(MRI) preoperative cervical MRI showed the herniated fragment located
lateral to the cord and compressing the nerve root of C7 (axial view

in (A) and sagittal view in (B), white arrow). Postoperative cervical
MRI demonstrated that the herniated fragment was completely resected
by microscopic keyhole discectomy, and the nerve root of C7 was
decompressed (sagittal view in (C) and axial view in (D)).

Figure 3. Endoscopic keyhole discectomy was performed by using
micropituitary forceps.

CSF leakage due to a dural tear that occurred in the EKT group
versus 1 patient who suffered nerve root temporary irritation in

Figure 4. Preoperative and postoperative magnetic resonance imaging
(MRYI) in the endoscopic keyhole group. Preoperative cervical

MRI showed the herniated fragment located lateral to the cord and
compressing the nerve root of C6 (A and C, white arrow). Postoperative
cervical MRI demonstrated that the herniated fragment was completely
resected by endoscopic keyhole discectomy, and the nerve root of C6
was decompressed (B and D, white arrow).

the MKT group. There was no significant difference in surgery-
related complications between the EKT and the microscopic
keyhole technique (P = 0.547).

4. Discussion

The posterior approach has distinct advantages in patients
with posterolateral disc herniation [13,14], including direct
decompression of the involved nerve root without much disruption
of the disc and preservation of spinal segmental mobility [15]. In
addition, it avoids the risk of injuring the front vital structures
of the cervical spine. However, conventional posterior cervical
approaches have some drawbacks, such as C5 palsy, kyphosis,
and neck pain associated with extensor muscle detachment and
atrophy [16,17]. Minimally invasive cervical spinal surgeries
were developed to overcome the aforementioned shortcomings.
Of those, the keyhole technique is an effective method for treating
posterolateral cervical disc herniation which results in cervical
radiculopathy. In this study, we compared the clinical outcomes
of endoscopic keyhole and microscopic keyhole discectomy in
treating cervical radiculopathy and found that both endoscopic
keyhole and microscopic keyhole techniques were effective in
treating cervical radiculopathy, but the latter had advantages in
reducing the revision surgery rate and complications.

Adamson reported that endoscopic posterior lamino-
foraminotomy was an effective alternative for treating unilateral
cervical radiculopathy secondary to lateral or foraminal disc
herniations or spondylosis [18]. In a cadaveric and clinical

DOI: http://dx.doi.org/10.18053/jctres.09.202304.23-00023



294 Xu et al. | Journal of Clinical and Translational Research 2023; 9(4): 290-296

Table 2. NDI and VAS in the EKT group and MKT group

Variable EKT (n=34) MKT (n=37) P-value
VAS
Preoperative 5.6+2.3 6.2+2.1 0.331
Postoperative 3 months 2.4+1.2 2.7+1.0 0.332
Postoperative 2 years 1.5+1.0 1.9+0.8 0.118
P-value <0.001 <0.001
A Pre- and post operative 4.1£1.2 43£1.4 0.583
NDI
Preoperative 32.849.4 36.2+11.3 0.244
Postoperative 3 month 19.246.0 16.8+5.4 0.136
Postoperative 2 years 9.243.6 10.5+4.1 0.230
P-value <0.001 <0.001
*A Pre- and post operative 23.4+5.7 25.3+7.6 0.313

*Apre- and post operative indicates the difference between preoperative VAS/NDI and
VAS/NDI at 2 years postoperatively. NDI: Neck disability index; VAS: Visual analog
scores; EKT: Endoscopic keyhole technique

Table 3. Surgery-related complications and revision surgery

Item EKT (n=34) MKT group (n=37) P-value
Complications
Nerve root irritation 2 1 0.547
Cerebrospinal fluid 1 0
Revision surgery 9 2 0.034
*Interval time (week) 21.0+6 29.0+7 <0.001

*Interval time means the interval time from primary surgery to revisional surgery.
EKT: Endoscopic keyhole technique

combined study, it was demonstrated that a viable, minimally
invasive technique could provide exceptional visualization and
an improvement in postoperative recovery time [19]. In this
study, the NDI and VAS were also significantly decreased after
endoscopic keyhole surgery, which confirmed the effectiveness
of this minimally invasive surgery (MIS) method. Theoretically,
endoscopic keyhole surgery is less invasive than microscopic
keyhole surgery. However, we found that both keyhole techniques
had similar MIS characteristics regarding operative time,
estimated blood loss, and hospital stay. In the MKT group, a
slightly longer incision and involved dissection might not affect
the abovementioned aspects. Xu et al. considered that the tubular
retractor system used in the MKT group was fixed by a free arm,
so the traction force on posterior extensors was evenly dispersed,
and excessive muscular traction could be avoided [20]. Hence,
there was no severe postoperative muscle atrophy that occurred
in the MKT group. The limited surgery time might be another
explanation for the similar invasiveness between the two groups.

Although the incisions of both keyhole techniques were
small, intraoperative neural decompression could be performed
effectively. The current study showed that NDI and VAS in both
groups were significantly decreased after surgery (P < 0.001 in
both groups), which revealed valid neural decompression resulting
from both MKT keyhole and EKTs. The improvements in VAS
and NDI between the two groups were significant. Considering
that we treated cervical radiculopathy rather than myelopathy

in the current study, we did not employ the JOA score to assess
clinical outcomes.

Interestingly, in this study, the occurrence rate of revision
surgery because of recurrent disc herniation in the EKT group
was significantly higher than that in the MKT group (P = 0.034).
Although the endoscopic technique can provide a minimally
invasive approach, it only provides two-dimensional visualization,
and surgical vision is often blurred by bleeding or obscured by
tissue fragments during operation. The microscopic keyhole
technique could provide a three-dimensional and amplified
visualization of the surgical field, in coordination with coaxial
illumination, and the tubular retractor system also provided more
space for performance, which allowed the surgeon to resect the
herniated disc more thoroughly and minimized neurological
injury. Furthermore, the interval time from primary surgery to
revision surgery was longer in the MKT group than in the EKT
group (P < 0.001). This might reveal that the residual fragments
of the disc could reherniate in an earlier stage in the EKT group
and that the effectiveness of the microscopic keyhole technique in
treating cervical radiculopathy was more durable. This is also the
case because of the steep learning curve of the EKT, which has
been one of its disadvantages. Furthermore, unskilled operation
in the early stage of the steep learning curve is also the reason for
the higher recurrence rate in the EKT group. Concerning surgery-
related complications, there was more but no significant difference
in the EKT group versus the MKT group (P = 0.547). Therefore,
both techniques could be considered safe methods in the treatment
of cervical radiculopathy.

To master the endoscopic technique in clinical practice,
surgeons need to know the anatomic landmarks under endoscopy
and acquire a way to minimize bone resection. Bony resection of
endoscopic keyhole laminoforaminotomy was limited as follows:
1. superior limit, inferior border of the superior facet; 2. inferior
limit, superior border of the inferior facet; 3. lateral limit, the
junction of the lamina and facet; and 4. medial limit, lateral aspect
of the dural sac. To avoid confusion, we considered all superior
and inferior anatomic structures of a superior vertebra as superior
and all superior and inferior structures of an inferior vertebra
as inferior. Hence, instead of using anatomic nomenclature, we
identified the facets and laminae based on their relative surgical
perspectives. Although the amount of bony resection depends on
the patient’s anatomy and surgeon’s experience, facet resection is
usually not more than 25% of the facet joint and very rarely 50%
to avoid segmental disability.

After the nerve root has been exposed, it is vital to discern
whether the dorsal sensory and ventral motor roots are combined
in a single dural sleeve or if the ventral motor root has a separate,
thinner, dusky dural mater. This identification is critical to avoid
confusing a tethered ventral motor root surrounded by perineural
adhesions with the disc herniation itself. Typically, a compressed
nerve root is surrounded by an engorged epidural venous plexus
that must be coagulated, where feasible, with bipolar forceps.
Electrocoagulation should be precise, especially when it is used
in the spinal canal, and the electrode should be turned down
to reduce damage to the nerve. Surgeons who are just getting
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involved in this field can start with endoscopic lumbar discectomy
in a transforaminal approach, which is easier for beginners.

There were some limitations in this study. First, the sample size
in this study was limited, which may increase bias. Second, the
proficiency of surgery influences the clinical outcomes. Third, this
study was a retrospective cohort study. A randomized controlled
trial (RCT) would be better to illuminate the clinical outcome
difference between the two different posterior MIS techniques.
However, to our knowledge, this is the first comparative
study between these different keyhole surgeries despite the
abovementioned limitations. In future, a multicenter RCT study
with a larger number of cases will be required to clarify the
effectiveness and safety of both techniques.

With similar surgical complication rates, both endoscopic
keyhole and microscopic keyhole techniques are effective in
treating cervical radiculopathy resulting from posterolateral disc
herniation. However, compared with the microscopic keyhole
technique, the EKT brings about a higher revision surgery rate
with a shorter interval time from index surgery to revisional

surgery.
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Background and Aim: Inflammatory bowel disease (IBD) is a chronic, debilitating disease that has
been extensively studied. However, the clinical evidence remains limited regarding the racial and
gender-based disparities in psychiatric illnesses in IBD patients. We aim to evaluate trends and socio-
demographic disparities in psychiatric disorders in patients with IBD.

Methods: The United States National Inpatient Sample (NIS) database was retrospectively
investigated from 2009 to 2019 to report trends and disparities in common psychiatric comorbidities
in hospitalized patients with IBD.

Results: For the study period (2009-2019), the prevalence of generalized anxiety disorder (GAD) in IBD
patients increased from 0.36% to 1.78%, depression increased from 9% to 13%, attention-deficit hyperactivity
disorder increased from 0.49% to 2%, and post-traumatic stress disorder (PTSD) increased from 0.39%
to 1.23% (P < 0.001). The prevalence of somatization (0.004%), schizophrenia (0.43%), schizoaffective
disorder (0.18%), and bipolar disorder (2.28%) showed no significant trend (P > 0.05). Compared to males,
females had a higher association with GAD, with an adjusted odds ratio (aOR) of 1.74 (95% confidence
interval [CI]: 1.54-1.97, P < 0.001), depression (aOR = 1.85 [95% CI: 1.79-1.92] P < 0.001), bipolar
disorder (aOR = 1.39 [95% CI: 1.29-1.51] P < 0.001), PTSD (aOR = 1.38 [95% CI: 1.21-1.57] P < 0.001),
and chronic fatigue (aOR = 2.91 [95% CI: 1.71-4.95] P < 0.001). Blacks, Hispanics, and Asian/Native
Americans had a lower association with psychiatric illnesses compared to Whites (P < 0.001).
Conclusions: This population-based study shows a rising prevalence of common psychiatric disorders
in hospitalized patients with IBD, particularly in females. These mental illnesses were more commonly
associated with Whites than Blacks, Hispanics, and Asian/Native Americans.

Relevance for Patients: Our findings highlight the need for effective screening and treatment protocols
for psychiatric disorders in patients with IBD. It can potentially improve the quality of life and medication
adherence and reduce the use of valuable healthcare resources. Prompt recognition of these mental illnesses
followed by early treatment initiation can be of paramount clinical importance for sustained IBD remission.

1. Introduction

Inflammatory bowel disease (IBD) is a chronic, progressive condition affecting an
estimated 4.90 million individuals worldwide [1]. Conventionally, it is considered a
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disease of the Western world; contemporary research highlights
an increasing incidence in the Middle East, Asia, and South
America [2]. Despite advances in IBD therapeutics, disparities in
care persist across different races and ethnicities. The previous
research has documented disparities in treatment initiation and
utilization of advanced therapies among different ethnic groups
[3,4]. Furthermore, it is recognized that IBD exhibits gender-
specific alterations, highlighting the need for targeted care
strategies for female patients [5]. Liu et al. further emphasized
the importance of understanding and addressing these disparities
to promote health equity among IBD populations [6]. Mental
illnesses, affecting nearly one in five adults in the United States,
represent a considerable public health concern [7]. Therefore,
it is critical to understand the influence of racial and gender-
based disparities on the clinical care of IBD patients, particularly
concerning psychiatric comorbidities.

The incidence of psychiatric illnesses has increased among
IBD patients compared to the general population [8-10]. It
can significantly impact disease progression and healthcare
utilization [11]. Comorbid depression and anxiety are linked to
poorer clinical outcomes in IBD patients, including higher odds
of emergency room visits and hospitalizations [12]. IBD has been
independently associated with an increased risk of deliberate self-
harm and other mental health illnesses [13]. Specific attention
must be paid to gender-based disparities in the IBD population, as
some studies suggest an association between female gender, active
IBD, and the onset of depression [14]. Therefore, early detection
and treatment of psychiatric disorders in the IBD population
may become vital components of clinical management. It may
have crucial clinical importance regarding disease progression,
treatment compliance, and quality of life.

Despite the recognized importance of these topics, there is a
lack of large-scale, data-driven studies investigating racial and
gender-based disparities and trends in psychiatric comorbidities
among IBD patients. To the best of our knowledge, this article
represents the first National Inpatient Sample (NIS)-based
retrospective study, providing a comprehensive evaluation of these
disparities in common psychiatric conditions among IBD patients
over a decade. Our findings hold significant clinical implications,
offering a foundation of data-driven evidence that highlights racial
and gender-based disparities in psychiatric comorbidities among
IBD patients. This work is anticipated to heighten community
awareness, support the establishment of effective psychiatric
screening protocols, and promote timely referrals to mental health
professionals. These measures will contribute to improve clinical
care and health outcomes for patients with IBD.

2. Materials and Methods
2.1. Design and data source

The NIS is designed by the Agency for Healthcare Research
and Quality [15]. It is the largest inpatient database in the United
States [15]. The design of this particular database is to approximate
a 20% stratified sample of hospitals along with sampling weights
to calculate national estimates [15]. Additional information on

the design of NIS and sampling methods is available at https://
www.hcup-us.ahrq.gov. The data in NIS are provided using the
International Classification of Diseases (ICD) 9 (before September
2015) and 10 (after October 2015) coding systems. The present
retrospective study utilized the NIS database to identify patients
with a primary diagnosis of IBD from January 2009 to December
2019. All patients below the age of 18 were excluded. The codes
utilized for each variable in this study are outlined in Table S1.

2.2. Outcome measures

Primary outcomes included the prevalence of common
psychiatric conditions that included generalized anxiety
disorder (GAD), depression, somatization, bipolar disorder,
attention-deficit hyperactivity disorder (ADHD), schizophrenia,
schizoaffective disorder, post-traumatic stress disorder (PTSD),
and chronic fatigue in IBD patients. Trend analysis for respective
outcomes was also reported to ascertain any time-based shifts.
Secondary outcomes were associations between gender, race, and
psychiatric disorders among hospitalized IBD patients.

2.3. Statistical analysis

This study utilized Statistical Software for Data Science
(STATA) (StataCorp LLC, College Station, TX, USA),
version 16.0. The analysis had 0.05 as the threshold for statistical
significance, and all P-values were 2-sided. Bivariate analysis was
conducted using a Chi-square test for categorical variables and an
independent-samples t-test for continuous variables. Categorical
variables were presented as frequency (N) and percentage (%),
and continuous variables were reported as mean with standard
deviation (SD), as appropriate. For outcomes such as the length of
stay and mean inpatient charges, a hierarchical multivariate linear
regression analysis was conducted to adjust patient- or hospital-
level factors. Multivariate logistic regression was conducted
to assess the relationship between gender, race, and psychiatric
conditions among hospitalized patients with IBD. The outcomes
were reported as adjusted odds ratios (aOR) with 95% confidence
intervals (CI) and P-values. The adjusted Wald test was utilized
to compare slopes of time-based linear regression outcomes and
Microsoft Excel (Microsoft Corporation, Redmond, WA, USA) to
generate figures.

2.4. Ethical consideration

The NIS database contains de-identified information for the
protection of the privacy of patients, physicians, and hospitals.
Therefore, it did not require institutional review board approval.
Patient consent was also waived, as each hospitalization was
stripped of any patient identifiers.

3. Results
3.1. Demographic characteristics of study sample

The total IBD  hospitalizations  decreased  from
75,813 (200/100,000 total NIS hospitalizations) in 2009 to
70,210 (198/100,000 total NIS hospitalizations) in 2019, without
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any statistical significance (P = 0.30) (Figure 1). During the study
period, there was a higher frequency of females compared to males
(54% vs. 46%) in hospitalized patients with IBD (P <0.001). Most
patients belonged to the age group 18-33 years (35%), followed
by 34-49 years (27%) and 50-64 years (21%) (P < 0.001). There
was a higher frequency of IBD hospitalizations among Whites
(77%), followed by Blacks (14%), and Hispanics (8%) (P =
0.052). A vast majority of hospitalized patients with IBD had a
Charlson Comorbidity Index (CCI) score of 0 (70%) (P < 0.001).
Urban teaching hospitals had the highest frequency of IBD
hospitalizations (62%), followed by urban non-teaching (29%) and
rural (8%) hospitals (P < 0.001). Private insurance remained the
primary payer for 50% of hospitalized patients with IBD, followed
by Medicare (26%) and Medicaid (17%) (P < 0.001). Inpatient
mortality significantly decreased from 0.51% in 2009 to 0.32%
in 2019 (P = 0.016). The outcomes such as length of stay, mean
inpatient charges, and additional demographic characteristics over
the study period are described in Table 1.

3.2. Prevalence and trends of common psychiatric conditions in
the IBD population

The prevalence of GAD in hospitalized patients with IBD was
0.83% for the study period, with increasing trends from 0.36%
in 2009 (2.91/1000 IBD patients) to 1.78% in 2019 (17.8/1000
IBD patients) (P < 0.001). The prevalence of depression was
11.81%, with increasing trends from 9% in 2009 (85.7/1000
IBD patients) to 13% in 2019 (133.5/1000 IBD patients) (P <
0.001). The prevalence of ADHD was 1.04%, with increasing
trends from 0.49% in 2009 (4.9/1000 IBD patients) to 2% in
2019 (15.5/1000 IBD patients) (P < 0.001). The prevalence
of PTSD was 0.74%, with increasing trends from 0.39% in
2009 (3.9/1000 IBD patients) to 1.23% in 2019 (12.3/1000 IBD
patients) (P < 0.001). The prevalence of somatization (0.004%),

schizophrenia (0.43%), schizoaffective disorder (0.18%), and
bipolar disorder (2.28%) showed no significant trend (P > 0.05)
(Table 2).

3.3. Gender-based disparities of common psychiatric conditions
in IBD population

Among hospitalized patients with IBD, females had a
higher association with GAD (aOR = 1.74 [95% CI: 1.54-1.97]
P < 0.001), depression (aOR = 1.85 [95% CI: 1.79-1.92]
P < 0.001), bipolar disorder (aOR = 1.39 [95% CI: 1.29-1.51]
P <0.001), PTSD (aOR = 1.38 [95% CI: 1.21-1.57] P < 0.001),
and chronic fatigue (aOR =2.91 [95% CI: 1.71-4.95] P < 0.001),
compared to males. There was a lower association with ADHD,
schizophrenia, and schizoaffective disorders for females when
compared to males with IBD (Table 3).

3.4. Race-based disparities of common psychiatric conditions in
IBD population

Blacks, Hispanics, and Asian/Native Americans had a lower
association with GAD, depression, bipolar disorder, PTSD, and
ADHD compared to Whites in hospitalized patients with IBD
(P < 0.001). Blacks and Hispanics had a higher association
with schizophrenia than Whites (P < 0.001). Blacks also had
a higher association with schizoaffective disorder (aOR = 1.66
[95% CI. 1.22-2.25] P = 0.001) compared to Whites with
IBD. There was no significant difference in the association
among Hispanics and Asian/Native Americans when compared
to Whites for schizoaffective disorder. Blacks had a lower
association with chronic fatigue compared to Whites (aOR
= 0.43 [95% CI: 0.18-1.001] P = 0.05). For chronic fatigue,
Hispanics showed no significant difference, whereas Asian/
Native Americans could not be compared due to the smaller
sample size (Table 4).
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Figure 1. Rate of common psychiatric conditions in primary inflammatory bowel disease (IBD) hospitalizations in the National Inpatient Sample
from 2009 to 2019. Bars show the total IBD hospitalizations per year. The line shows the rate per 1000 IBD hospitalizations for the study period for
psychiatric conditions with significant trends in the present study (P < 0.05).

GAD: Generalized anxiety disorder; ADHD: Attention-deficit hyperactivity disorder; PTSD: Post-traumatic stress disorder.
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Table 2. Trends of psychiatric comorbidities in patients hospitalized with a primary diagnosis of inflammatory bowel disease in the National Inpatient Sample database from 2009

to 2019

P-values

Years

Variables

2016 2017 2018 2019
1255 (1.78%)

2015

2014
640 (0.84%) 410 (0.72%) 720 (1.1%) 870 (1.29%) 955 (1.38%)

10365 (14%) 7720 (14%) 8219 (12%) 8325 (12%)

2010 2011 2012 2013

2009
221(0.36%) 292 (0.38%) 374 (0.47%) 390 (0.51%) 445 (0.59%)

6500 (9%)

<0.001
<0.001

GAD

Depression

9375 (13%)

8555 (12%)

10210 (14%)

7182 (9%) 9160 (12%)

7060 (9%)
10 (<1%)
1860 (2%)
479 (1%)
283 (<1%)
117 (<1%)

0.31
0.37
<0.001

5 (<1%)
1590 (2%)
1090 (2%)

340 (0.48%)

0 (0%)
1350 (2%)

5 (<1%)
1415 (2%)
855 (1%)
365 (1%)
210 (<1%)
675 (1%)
55 (<1%)

0 (0%)
1325 (2%)

0 (0%)
1365 (2%)
750 (1%)
265 (<1%)
85 (<1%)
540 (1%)
20 (<1%)

5(<1%)

1865 (2%)
960 (1%)
270 (<1%)
115 (<1%)
560 (1%)
50 (<1%)

0 (0%)
1690 (2%)
775 (1%)
300 (<1%)
125 (<1%)
505 (1%)
50 (<1%)

5 (<1%)
1895 (2%)

4 (<1%)
1826 (2%)
606 (1%)
278 (<1%)

0 (0%)
1748 (2%)
377 (0.49%)
331 (0.43%)
123 (<1%)

Somatization
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Bipolar disorder

ADHD

870 (1%)
365 (1%)
165 (<1%)

755 (1%)
290 (<1%)
120 (<1%)

700 (1%)
300 (<1%)

0.90
0.56

<0.001

Schizophrenia

145 (<1%)
870 (1.23%)

60 (<1%)

165 (<1%)
430 (0%)
29 (<1%)

82 (<1%)

Schizoaffective disorder

PTSD

700 (1%)

540 (1%)
35 (<1%)

302 (0.39%) 350 (0.46%) 336 (0.43%)

30 (<1%)
GAD: Generalized anxiety disorder; ADHD: Attention-deficit hyperactivity disorder; PTSD: Post-traumatic stress disorder.

0.16

55 (<1%)

37 (<1%)

22 (<1%)

Chronic fatigue

Table 3. Gender-based disparities with common psychiatric conditions
in inflammatory bowel disease hospitalizations (females compared
against males)

Variables Adjusted odds ratio with P-values
95% confidence interval

GAD 1.74 (1.54-1.97) <0.001
Depression 1.85(1.79-1.92) <0.001
Somatization 4.8 (0.57-3.98) 0.14
Bipolar disorder 1.39 (1.29-1.51) <0.001
ADHD 0.77 (0.69-0.86) <0.001
Schizophrenia 0.43 (0.36-0.51) <0.001
Schizoaffective disorder 0.67 (0.52-0.86) 0.002
PTSD 1.38 (1.21-1.57) <0.001
Chronic fatigue 2.91 (1.71-4.95) <0.001

GAD: Generalized anxiety disorder; ADHD: Attention-deficit hyperactivity disorder;
PTSD: Post-traumatic stress disorder

4. Discussion

This study found a decrease in hospitalizations with IBD as a
primary diagnosis. While there has been an overall increase in IBD
cases, newer and more effective treatments have possibly resulted
in a drop in hospital admissions. Our findings show that several
psychiatric disorders are becoming more common in hospitalized
patients with IBD. Whites were more commonly associated with
GAD, depression, bipolar disorder, PTSD, and ADHD compared
to Blacks, Hispanics, and Asian/Native Americans. Furthermore,
females had a higher association with GAD, depression, bipolar
disorder, PTSD, and chronic fatigue than male IBD patients.

IBD patients may have a significantly higher prevalence of
serious psychological distress (7.4% vs. 3.4%) compared to those
without IBD [16]. A retrospective cohort study from Canada
revealed an increased incidence and prevalence of psychiatric
disorders in IBD patients than in the general population, including
anxiety, depression, and bipolar disorder [9]. In our study,
depression was the most common psychiatric disorder among IBD
patients. Mardini et al. demonstrated that in patients with Crohn’s
disease, the presence of depressive symptoms was associated with
increased disease activity over an 18-month follow-up [17]. The
presence of depression has also been shown to increase the risk
of relapse in IBD and can lead to reduced quality of life and low
medication adherence [18-20].

IBD patients with anxiety have been shown to have an
increased risk of surgery, poorer treatment compliance, and
decreased quality of life [18,21,22]. A study in Switzerland
showed an increased recurrence of IBD in patients with depression
and anxiety [23]. A Korean study revealed that IBD patients in
remission with concomitant functional gastrointestinal and mood
disorders demonstrated a lower health-related quality of life [24].
The young adult patients face multiple financial, academic, and
personal challenges, which may lead to an increased risk of
developing psychiatric disorders [25]. Our study also showed
an increased rate of IBD hospitalizations in young adults. It may
potentially be attributed to the worsening of IBD disease activity
due to the aforementioned factors in this age group.
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Table 4. Racial disparities with common psychiatric conditions in
inflammatory bowel disease hospitalizations (compared against
White race)

Variables Adjusted odds ratio with P-values
95% confidence interval

GAD

White -

Black 0.42 (0.34-0.53) <0.001

Hispanic 0.53 (0.40-0.69) <0.001

Asian/Native American 0.15 (0.04-0.47) 0.001
Depression

White -

Black 0.62 (0.59-0.66) <0.001

Hispanic 0.60 (0.56-0.65) <0.001

Asian/Native American 0.39 (0.32-0.48) <0.001
Bipolar disorder

White -

Black 0.77 (0.68-0.86) <0.001

Hispanic 0.71 (0.61-0.83) <0.001

Asian/Native American 0.30 (0.18-0.51) <0.001
ADHD

White -

Black 0.22 (0.17-0.28) <0.001

Hispanic 0.33 (0.25-0.44) <0.001

Asian/Native American 0.22 (0.10-0.47) <0.001
Schizophrenia

White -

Black 3.84 (3.2-4.60) <0.001

Hispanic 1.52 (1.14-2.02) 0.004

Asian/Native American 0.56 (0.21-1.51) 0.25
Schizoaffective disorder

White -

Black 1.66 (1.22-2.25) 0.001

Hispanic 0.88 (0.54-1.44) 0.62

Asian/Native American 0.79 (0.25-2.45) 0.69
PTSD

White

Black 0.57 (0.46-0.72) <0.001

Hispanic 0.62 (0.47-0.81) 0.001

Asian/Native American 0.46 (0.23-0.93) 0.032
Chronic fatigue

White -

Black 0.43 (0.18-1.001) 0.05

Hispanic 0.39 (0.12-1.26) 0.11

Asian/Native American

GAD: Generalized anxiety disorder; ADHD: Attention-deficit hyperactivity disorder;
PTSD: Post-traumatic stress disorder.

In our study, females had a higher frequency of IBD
hospitalizations than males. Furthermore, female IBD patients
were more commonly associated with diagnoses of GAD,
depression, bipolar disorder, PTSD, and chronic fatigue. An
increased genetic susceptibility to psychiatric disorders, hormonal

fluctuations, alterations in microbiome composition, and various
environmental factors can possibly contribute to these trends [26].
In addition, it is also critical to take into account the fact that
women are more likely than men to face physical, sexual, and
emotional abuse [27]. These factors could also be driving the
observed gender differences in mental health disorders among IBD
patients in our analysis. Moreover, it is known that women with
IBD show increased odds of poor maternal and fetal outcomes,
and a pre-pregnancy IBD diagnosis may increase the risk for
mood and anxiety disorders [28,29].

Smoking is a known risk factor for the development of Crohn’s
disease in both males and females [30]. A Swiss study found that
young women had a higher smoking rate of 51.7% than young
men [31]. Similarly, a Dutch study revealed that there were more
female current smokers among patients with IBD than males [32].
The higher smoking rate in young females may contribute to the
increased IBD-related hospitalizations observed in our study. The
present study showed an increased prevalence of anxiety in female
IBD patients, which mirrors the gender differences in anxiety
among the general population [33]. Genetic predisposition due
to known susceptibility gene variants is one of the causes of the
increased prevalence of IBD in the female population. Females
are more commonly associated with familial than sporadic IBD
(61% vs. 54%) [34]. Females are also more likely to develop
ulcerative colitis if they have a single nucleotide polymorphism in
the promoter region of interleukin-10 [35]. A number of immune-
mediated diseases result from the loss of the X-chromosome
in peripheral T and B lymphocytes, including primary biliary
cholangitis, autoimmune thyroid disease, Raynaud’s syndrome,
and systemic sclerosis [36,37]. A similar mechanism may
contribute to the prevalence of IBD in females. However, the
exact mechanism remains unclear. Compared to males, IBD in
females is more often associated with a negative body image and
reduced sexual activity [38,39]. This may further contribute to
the development of psychiatric disorders. Other factors that result
in gender disparities among IBD patients include occupation,
lifestyle, and dietary habits. However, a clear causal relationship
remains to be established.

Racial disparities among IBD patients have previously been
studied. However, less is known about their impact on IBD
patients with common psychiatric conditions. IBD is typically
more prevalent among populations in Western and Northern
Europe [40]. However, its incidence among non-White populations
has also increased in recent years [41]. In our study, Whites had
the highest rate of IBD hospitalizations (77%), followed by
Blacks (14%) and Hispanics (8%). In a large survey-based study,
Wang et al. revealed similar findings in the United States [42].
Moreover, in a recent retrospective study based on 132,894 IBD
hospitalizations with substance use disorder, White was the most
common race (N = 98,147; 79%) [43]. Our data showed that
GAD, depression, bipolar disorder, PTSD, and ADHD were more
prevalent in White IBD patients than in Black, Hispanic, and
Asian/Native American IBD patients. In contrast, a retrospective
cohort study conducted at a large urban outpatient center revealed
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that Black patients had an increased prevalence of depression
with low screening rates [44]. Several studies have demonstrated
racial disparities in outcomes in patients hospitalized with IBD,
with Blacks having higher readmission rates, a longer length
of stay, and increased morbidity and mortality compared to
White patients [45,46]. This may be due to several sociocultural
factors and barriers to healthcare utilization. One study revealed
that Whites were more likely to be seen by gastroenterologists
annually than Black IBD patients [47]. These disparities have been
attributed to the underutilization of specialist care as a result of
difficulties in obtaining specialist referrals and financial concerns
among Black patients [47]. Similar reasons may contribute to
decreasing healthcare utilization for psychiatric disorders in non-
White patients, leading to poor prognoses and worse outcomes.
Contrarily, schizophrenia and schizoaffective disorder were less
likely to be seen in Whites than in Blacks and Hispanics. This trend
may be attributed to the disproportionate number of schizophrenia
diagnoses among African Americans and Latino Americans [48].

The prognosis of IBD can be negatively impacted by
psychiatric disorders, often due to medication non-adherence,
resulting in worsened clinical outcomes, functional disability, and
reduced quality of life [18-21,49,50]. The previous investigations
have examined the impact of psychiatric disorders on the IBD
patient population [11,49,50]. However, the clinical evidence
on race and gender disparities in IBD patients remains sparse.
Our study represents one of the largest analyses exploring
racial and gender-based disparities in psychiatric comorbidities
in IBD patients, identifying females and Whites as particularly
susceptible. It is essential to consider how social and structural
norms may influence the diagnosis of IBD and psychiatric
illnesses. For instance, it is known that women are more likely
to access health services, particularly mental health support. This
observation could possibly be overrepresented in our findings.
Similarly, the barriers faced by racial and ethnic minorities in
accessing healthcare could lead to delayed or missed diagnoses.
As the prevalence of psychiatric comorbidities increases in
chronic medical conditions, it is important for clinicians and
policymakers to consider the racial and gender-based disparities
in these psychiatric illnesses [51,52]. Our results highlight the
need for further research to develop effective screening and
treatment guidelines for IBD patients with psychiatric disorders.
This could improve the prognosis, enhance the quality of life, and
reduce healthcare costs. Beyond medical treatment, addressing
psychosocial concerns in IBD is critical. Mussell ef al. described
the efficacy of outpatient psychological group therapy in the
short- and long-term reduction of psychological distress in IBD
patients, but they simultaneously emphasized gender-specific
interventions [53]. Further studies examining the correlation
between IBD and psychiatric comorbidities across different
genders and races are warranted. It would be helpful to shed
light on the interplay of psychiatric disorders, IBD, and potential
genetic, environmental, and social factors affecting outcomes.

It is critical to consider implementing culturally sensitive
mental health screening and treatment protocols. It can help to
cater to the specific needs of diverse patient populations to address

the observed disparities in psychiatric comorbidities among IBD
patients. This strategy may assist in lowering barriers to receiving
care for mental health and enhancing the general standard of care
for IBD patients with psychiatric comorbidities. The complex
and potentially bidirectional relationship between IBD and
psychiatric disorders should be the subject of further investigation,
considering elements such as cultural background, gender, and
social determinants of health [54]. A deeper understanding of
these relationships will facilitate the development of focused
interventions to address these disparities. It will improve the
overall clinical care and outcomes for IBD patients with comorbid
psychiatric conditions. In light of the trends observed over a
decade-long span in our study, we speculate that increased disease
awareness, advancements in diagnostic methodologies, societal
attitudes toward mental health, and potential changes in lifestyle
and environmental factors may have influenced the prevalence
and recognition of IBD and associated psychiatric illnesses. This
further emphasizes the importance of ongoing research to better
understand and address these evolving trends.

5. Limitations

We acknowledge several limitations to our study, primarily
grounded in the inherent restrictions of using the NIS. While it
presents a large database for generalized interpretation, hospital
data in NIS do not evaluate non-hospitalized individuals. Therefore,
this dataset could lead to an underrepresentation of psychiatric
disorders within the broader IBD population. The database also
lacks supplementary data on treatments such as antidepressants
and antipsychotic usage. It could provide a more holistic view of
the prevalence of psychiatric disorders in IBD patients. Another
limitation is the reliance on ICD codes as the primary indicator
of psychiatric disorders. Despite being systematic in their disease
classification, these codes may not fully capture the complexity of
mental health diagnoses [55]. The exclusive reliance on ICD codes
could also lead to the misclassification or underrepresentation
of certain mental health conditions. The study does not account
for changes in mental health reporting patterns due to increasing
societal awareness. The increased awareness may lead to improved
identification and reporting of mental health disorders, causing
an apparent rise in prevalence. Simultaneously, heightened
awareness might also encourage individuals to report milder
distress as mental health issues, potentially overestimating the
prevalence rates. The study does highlight ethnic disparities in the
prevalence of psychiatric disorders, observing higher rates among
White IBD patients compared to other ethnic groups. However,
these findings should be interpreted cautiously due to potential
confounding factors. Sociocultural influences, healthcare access
disparities, and systemic biases could potentially contribute to
underdiagnosis or underreporting in minority populations.

6. Conclusions

This study revealed that females had a higher frequency of
IBD hospitalizations compared to males. Most patients were
in the younger age group of 18-33 years. The most frequent
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psychiatric diagnosis among hospitalized IBD patients was
depression, which was followed by bipolar disorder, ADHD,
GAD, PTSD, schizophrenia, schizoaffective disorder, chronic
fatigue, and somatization. Depression, GAD, bipolar disorder,
PTSD, and chronic fatigue were more commonly associated
with females compared to males. Whites had the highest rate of
IBD hospitalizations, followed by Blacks and Hispanics. GAD,
depression, bipolar disorder, PTSD, and ADHD were more
commonly associated with Whites compared to Blacks, Hispanics,
and Asian/Native Americans. However, schizophrenia and
schizoaffective disorder were less likely to be seen in Whites than
in Blacks and Hispanics. Our findings highlight the importance of
recognizing these racial and gender-based disparities and trends
among IBD patients. Effective screening and treatment protocols
for psychiatric comorbidities in IBD patients may aid in their early
recognition and management. It will also increase IBD treatment
compliance, which will help in achieving sustained remission.
The quality of life for IBD patients will be improved and valuable
healthcare resources will be saved.
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Supplementary File

Table S1. ICD 9 and ICD 10 codes for the present study

Category ICD-9-CM Codes ICD-10-CM Codes
Inflammatory bowel disease 5560, 5561, 5562, 5563, 5565, 5566, 5568, 5569, 5550, K5100, K51011, K51012, K51013, K51014, K51015, K51016,
5551, 5552, and 5559 K51017,K51018, K51019, K5120, K51211, K51212, K51213,

K51214, K51218, K51219, K5130, K51311, K51312, K51313,
K51314, K51318, K51319, K5140, K51411, K51412, K51512,
K51513,K51514, K51518, K51519, K5180, K51811, K51812,
K51813, K51814, K51818, K51819, K5190, K51911, K51912,
K51913, K51914, K51918, K51919, K50011, K50012, K50013,
K50014, K50018, K50019, k5010, K50111, K50112, K50113,
K50114, K50118, K50119, k5080, K50811, K50812, K50813,
K50814, K50818, K50819, k5090, K50911, K50912, K50913,
K50914, K50918, K50919, and k5000

Generalized anxiety disorder 30002 F411

Depression 29621, 29622, F29623, 29624, 2980, 29625, 29626, F320, F321, F322, F323, F324, F325, F3289, and F329
29682, 29620, and 311

Somatization 30081 F450

Bipolar disorder 29640, 29641, 29642, 29643, 29644, 29650, 29651, F310, F3110, F3111, F3112, F3113, F312, F3130, F3131, F3132,
29652, 29653, 29654, 29660, 29661, 29662, 29663, F314, F315, F3160, F3161, F3162, F3163, F3164, F3170,
29664, 2967, 29645, 29646, 29655, 29656, 29665, F3171,F3172,F3173, F3174, F3175, F3176, F3177, F3178,
29666, 29689, 29640, and 29680 F3181, F3189, and F319

Attention-deficit hyperactivity disorder 31400, 31401, and 3142 F900, F901, F902, F908, and F909

Schizophrenia 29530, 29510, 29520, 29590, 29560, 29540, and 29590 F200, F201, F202, F203, F205, F2081, F2089, and F209

Schizoaffective disorder 29570 F250, F251, F258, and F259

Post-traumatic stress disorder 30981 F4310, F4311, and F4312

Anorexia 3071 F5000, F5001, and F5002

Binge eating disorder 30759 F5081

Chronic fatigue 78071 R5382

ICD: International Classification of Disease
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