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Abstract 

Background  Increased detection of non-functioning adrenal incidentalomas (NFAI) due to widespread abdomi-
nal imaging may underestimate associated metabolic risks. To examine NFAI’s impact on metabolic comorbidi-
ties and evaluate outcomes in surgical and non-surgical management, including changes in NFAI characteristics 
during follow-up.

Methods  Meta-analysis of studies from PubMed, Embase, Cochrane Library, and Web of Science (January 2000 
to May 2024). Studies focusing on patients with serum cortisol levels ≤ 50 nmol/L after 1 mg dexamethasone suppres-
sion test (DST). Prevalence of hypertension, diabetes, obesity, and lipid disorders before and after follow-up. Tumor 
growth (> 10 mm increase) and functional changes (1 mg DST retest) were assessed.

Results  Eighteen studies met inclusion criteria (n = 2,059). In the non-surgical group, diabetes (RR: 1.33, 95% CI: 
1.07–1.65) and lipid disorders (RR: 1.22, 95% CI: 1.07–1.38) increased significantly, while hypertension (RR: 1.07, 95% CI: 
0.99–1.16) and obesity (RR: 1.05, 95% CI: 0.91–1.21) showed no significant change. Surgical intervention significantly 
improved hypertension (RR: 0.67, 95% CI: 0.52–0.86). During mean follow-up of 46.1 months, 4% (95% CI: 2%- 8%) 
of NFAI enlarged > 10 mm, while 8% (95% CI: 5%- 14%) became functional during 45.1 months of follow-up.

Conclusions  In patients with NFAI, subtle hormone secretion may exist despite current diagnostic criteria suggesting 
non-functionality. Such tumors show significant associations with metabolic disorders, particularly diabetes mellitus 
and dyslipidemia. Future research should focus on developing more sensitive diagnostic methods and establishing 
evidence-based surgical intervention criteria through prospective studies.

Keywords  Adrenal incidentaloma (AI), Non-functioning adrenal incidentaloma, Metabolic comorbidities, Surgical 
management, Non-surgical management

Introduction
Over the last two decades, the prevalence of adrenal 
incidentalomas, defined as adrenal tumors larger than 
1 cm, has surged tenfold, largely due to the widespread 
use of computed tomography (CT) scans [1, 2]. Studies 
suggest a prevalence of 3% in individuals over 50, esca-
lating to 10% in those over 80, indicating an age-related 
increase [3]. While functional adrenal incidentalomas 
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are known to correlate with metabolic syndrome, recent 
Euro 2023 guidelines delineate mild autonomous cortisol 
secretion (MACS) as cortisol levels surpassing 50 nmol/L 
following a 1 mg overnight dexamethasone test (DST), 
recommending surgical evaluation for MACS patients 
presenting with comorbidities [3]. In contrast, non-func-
tioning adrenal incidentaloma (NFAI) cases, where cor-
tisol levels are below 50 nmol/L, and which are generally 
not advised for surgical intervention [3].

Emerging studies, however, signal a considerably 
higher risk of type 2 diabetes and cardiovascular dis-
eases in NFAI patients relative to those with normative 
adrenal functionality, indicating a potentially overlooked 
metabolic disease risk associated with NFAI [4, 5]. Some 
research further suggests that surgical treatment of NFAI 
can significantly ameliorate outcomes related to hyper-
tension [6–8]. Motivated by these findings, we perform 
a systematic review and meta-analysis aimed at discern-
ing the impact of NFAI on metabolic conditions, includ-
ing hypertension, diabetes, obesity, and lipid metabolism 
disorders over time.

Furthermore, the long-term clinical trajectory of NFAI, 
particularly concerning potential changes in tumor size 
and functionality during natural follow-up, remains 
inadequately explored. In this study, we categorized the 
included studies into surgical and non-surgical manage-
ment groups to evaluate the progression of these fea-
tures in NFAI. Through this comprehensive analysis, 
we aim to elucidate the metabolic implications of NFAI, 
and the outcomes associated with different management 
approaches. Our goal is to inform future research direc-
tions and contribute to the development of more person-
alized clinical management strategies for NFAI patients, 
taking into account the complex relationship between 
these tumors and metabolic health.

Method
Literature search
Our meta-analysis followed a pre-established protocol 
based on the Preferred Reporting Items for Systematic 
Review and Meta-Analysis (PRISMA registration num-
ber CRD42023483006) [9] guidelines, which were estab-
lished on January 16, 2017.

Two reviewers (X.L. and H.L.) independently con-
ducted a comprehensive search of PubMed, Embase, 
Cochrane Library, and Web of Science from Janu-
ary 1, 2000, to May 1, 2023. Additionally, we exam-
ined the reference lists of relevant articles to identify 
any potentially missed studies during our electronic 
search. To ensure a thorough search, we used the broad 
term"adrenal incidentaloma"to capture all relevant arti-
cles. The detailed search strategies are provided in the 

supplementary material (Appendix 1). An updated search 
was conducted in May 2024.

Literature selection
Our predefined selection criteria are as follows:

1)	 Included Population: ①Studies were eligible if they 
involved individuals with adrenal tumors larger than 
1 cm detected on imaging performed for reasons 
unrelated to the hypothalamic-pituitary-adrenal 
axis, while known malignant tumors were excluded. 
②Hormone examinations were performed to rule 
out overt adrenal hormone excess conditions such 
as Cushing’s syndrome, pheochromocytoma, or 
primary hyperaldosteronism. The initial screen-
ing measured levels of cortisol, plasma aldosterone, 
plasma renin activity, epinephrine, and other cat-
echolamines, and when abnormalities were detected, 
confirmatory tests were performed—specifically, an 
overnight dexamethasone suppression test or a 48-h, 
2 mg/day dexamethasone suppression test (LDDST: 
dexamethasone 0.5 mg orally every 6 h for 2 days) 
for suspected autonomous cortisol secretion, a saline 
loading test or captopril test for suspected primary 
hyperaldosteronism, and iodine- 123 metaiodoben-
zylguanidine scintigraphy for suspected pheochro-
mocytoma [10]. ③ Patients were classified as hav-
ing non-functioning adrenal incidentalomas if their 
serum cortisol levels were below 50 nmol/L (1.8 μg/
dL) after a dexamethasone suppression test, follow-
ing current clinical guidelines [3].

2)	 Studies included in the meta-analysis reported on 
subjects divided into either a surgical group or a 
non-surgical group. The surgical group consisted of 
subjects who underwent adrenal tumor resection. 
Surgical methods varied and included laparoscopic 
adrenalectomy, with some studies specifying partial 
or total adrenalectomy. The non-surgical group con-
sisted of subjects who were followed conservatively 
for a minimum period of 12 months. Not all stud-
ies included both surgical and non-surgical groups; 
some studies focused solely on one approach.

3)	 Required Outcomes: We included studies that 
reported changes in tumor diameter and hormone 
production in the non-surgical group during fol-
low-up. Additionally, studies had to report at least 
one of the following metabolic outcomes: diabetes, 
hypertension, lipid disorders, and obesity. For each 
metabolic parameter, we analyzed the changes by 
comparing pre- and post-follow-up data within indi-
vidual studies using their respective diagnostic crite-
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ria. Studies were included if they provided data for 
these comparisons.

Our predefined exclusion criteria were as follows:

1)	 Non-English Articles: Studies published in languages 
other than English were excluded.

2)	 Non-relevance to NFAI: Articles that did not per-
tain to non-functioning adrenal incidentalomas were 
excluded.

3)	 Lack of Required Data: Articles with incomplete data 
or data that did not meet the specified requirements 
were not considered.

The selection process involved two independent 
reviewers, X.L. and H.L., who applied these criteria. Any 
discrepancies were resolved through discussion and con-
sensus with the third author, W.L.

Data extraction and comprehensive analysis
In this section, we outline our data extraction process 
and the parameters we collected from each eligible study 
to meet our research needs. These parameters include the 
last name of the first author, country of the study, year of 
publication, study design, the number of eligible patients, 
their ages, duration of follow-up, body mass index (BMI), 
and male-to-female ratio.

We followed patients who were nonfunctional at base-
line, regardless of any functional changes during fol-
low-up. The criterion for assessing comorbidity was the 
number of patients diagnosed with the specific disease. 
Hypertension, diabetes, obesity, and lipid disorders were 
evaluated before and after the follow-up, based on the 
original definition criteria presented in the respective 
papers. Relative risk (RR) was the prevalence ratio before 
and after follow-up.

Changes in tumor size during follow-up were deter-
mined by counting the number of individuals whose 
tumor diameter increased by more than 10 mm [4]. 
Changes in hormone production were assessed based on 
the results of the retest of the 1 mg DST test. If serum 
cortisol levels after the 1 mg DST were equal to or greater 
than 50 nmol/L, we considered it a functional change. 
The proportion represents the percentage of individuals 
who experienced changes after follow-up.

During data collection, we recorded continuous vari-
ables as either the mean or median, and categorical 
variables as the total number and the number of posi-
tive cases. Our data extraction followed specific rules to 
ensure consistency and accuracy.

We conducted our data analysis using R software (ver-
sion 4.2.2, https://​www.R-​proje​ct.​org) and the R pack-
age Meta. Outcome data served as the central study 

parameter for our meta-analysis. We reported pooled 
mean differences (MDs) with 95% confidence intervals 
(CIs). All statistical tests were two-sided, and statistical 
significance was considered for p-values less than 0.05 (P 
< 0.05).

To assess heterogeneity between studies, we used the 
I2 statistic. The I2 index quantifies the proportion of total 
variation attributable to between-study heterogeneity, 
calculated as [(Q–df) ÷ Q] × 100%, where Q represents 
the Cochran’s Q statistic and df represents degrees of 
freedom (number of studies minus one) [11]. I2 val-
ues range from 0 to 100%, with higher values indicating 
greater heterogeneity. We interpreted I2 values below 
50% as low heterogeneity and values above 50% as sub-
stantial heterogeneity.

Based on the heterogeneity assessment, we employed 
a fixed-effect model when heterogeneity was low (I2 < 
50%) and a random-effects model when heterogeneity 
was substantial (I2 > 50%) [12–14]. To evaluate the impact 
of model selection on our results, we calculated effect 
estimates using both fixed-effect and random-effects 
models for all outcomes. For outcomes with substantial 
heterogeneity (I2 > 50%), we also conducted sensitivity 
analyses using a one-by-one exclusion method. We per-
formed subgroup analyses for outcomes with more than 
6 included studies, stratifying by age, follow-up duration, 
and BMI. Publication bias was assessed using funnel plots 
for outcomes with eight or more included studies, follow-
ing established methodological guidelines. This mini-
mum threshold of eight studies was selected to ensure 
reliable interpretation of funnel plot asymmetry [15].

Quality assessment
The quality assessment process carried out by two inde-
pendent reviewers (X.L. and H.L.) for each included 
study. We adapted the Newcastle–Ottawa scale [16] to 
evaluate the quality of studies included in the meta-anal-
ysis based on the PICO (Patient, Intervention, Compari-
son, Outcome) framework [10]. Details are shown in the 
supplementary material (Appendix 2).

Result
Characteristics of included studies
Our meta-analysis included 18 studies, comprising a total 
cohort of 2,059 patients diagnosed with NFAI. The ini-
tial literature search covered January 2000 to August 21, 
2023, identifying 17 studies. An updated search extend-
ing to May 2024 yielded one additional eligible study, 
resulting in our final inclusion of 18 studies.. The study 
selection process is illustrated in Fig.  1. A comprehen-
sive summary of the study characteristics is presented in 
Table  1. Among the 12 studies that reported BMI data, 

https://www.R-project.org
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values ranged from 24.5 to 30.7 kg/m2, with an overall 
average of 27.76 kg/m2, suggesting a tendency toward 
overweight status in the NFAI population.

The included studies were categorized into two 
groups, noting that two studies spanned both 
categories:

(1)	 Non-surgical group: This comprised 16 studies (11 
retrospective and 5 prospective), including 1,916 
NFAI patients. The mean age across these studies 
ranged from 50.3 to 66.4 years, with follow-up peri-
ods varying between 18 and 126.1 months.

(2)	 Surgical group: This included 4 studies (3 retrospec-
tive and 1 prospective), involving 214 patients who 
underwent adrenal tumor resection. The average 
patient age in these studies ranged from 50.5 to 53.2 
years. Surgical methods varied among the studies: 
① One study did not specify the exact procedure. 
② One study primarily used laparoscopic partial 
adrenalectomy. ③ Two studies mentioned either 
total or partial adrenalectomy. The reasons for sur-
gical intervention varied among the studies but 
generally included: ① Tumor characteristics (size 

> 3.5–4 cm, suspicious imaging features, or growth). 
②Patient-specific factors (metabolic issues, con-
current procedures, hypertension, or preference).

Metabolic comorbidity changes in NFAI patients 
by treatment group during follow‑up
Hypertension
In the non-surgical group, which included 720 NFAI 
patients from six studies [17, 18, 23, 24, 28, 33], the 
baseline prevalence of hypertension was 58.3%. Over an 
average follow-up period of 55.78 months, 30 out of 300 
initially hypertension-free patients developed hyper-
tension, representing a 4.2% (30/720) increase in preva-
lence. The relative risk (RR) of developing hypertension 
post-follow-up was 1.07 (95% CI: 0.99–1.16), as shown 
in Fig. 2A. Although this RR does not reach statistical 
significance, it suggests a trend towards an increased 
prevalence of hypertension among NFAI patients.

The surgical group, analyzed from four articles [7, 
24, 31, 32], included 214 NFAI patients, with 196 pre-
senting hypertensions at baseline. Post-surgery, 70 
patients’hypertension resolved, a 32.7% reduction. 
The prevalence ratio (0.67, 95% CI: 0.52–0.86) shows a 

Fig. 1  Study flow diagram. Flow chart outlining the number of records identified, included, and excluded and the reasons for the exclusion
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significant decrease in hypertension, despite study het-
erogeneity (Fig. 2B).

Diabetes mellitus, obesity, and dyslipidemia
Our analysis encompassed multiple metabolic comor-
bidities in NFAI patients:

Diabetes mellitus: Five studies [17, 18, 23, 24, 33] 
focusing on diabetes, involving a total of 618 NFAI 
patients. Throughout the follow-up period, averag-
ing 59.5 months, we observed a 6.3% increase in 
diabetes prevalence. This change represents a sig-
nificant rise, with a relative risk of 1.33 (95% CI: 
1.07–1.65), as highlighted in Fig. 3A.
Obesity: Data from three studies [18, 24, 33] 
included 508 patients in the non-surgical group. 
Throughout a mean follow-up of 53 months, obe-
sity prevalence increased by 2.2%. The relative risk 
was 1.05 (95% CI: 0.91–1.21), suggesting a non-sig-
nificant trend towards higher obesity rates in NFAI 
patients (Fig. 3B).
Dyslipidemia: Four studies [18, 23, 24, 33] were 
analyzed, with an average follow-up duration 
of 54.2 months. The prevalence of dyslipidemia 

increased notably by 8.8%, yielding a relative risk of 
1.22 (95% CI: 1.07–1.38). This significant increase 
is shown in Fig. 3C.

Changes of adrenal tumor characteristics in NFAI patients 
under non‑surgical management
In the non-surgical group of NFAI patients, changes in 
tumor size and hormonal function were monitored over 
time. Five studies [17, 18, 26, 30, 34] examined signifi-
cant diameter increases (> 10 mm) while seventeen stud-
ies [6, 7, 17–30] evaluated functional changes in adrenal 
incidentalomas.

As shown in Fig. 4, 4% (95% CI: 2%− 8%) of 556 patients 
experienced a tumor diameter increase exceeding 10 mm 
over an average follow-up of 46.1 months. Additionally, 
8% (95% CI: 5%− 14%) of 1,845 patients transitioned 
from non-functioning to functioning adrenal tumors 
over an average follow-up of 45.13 months.

Sensitivity analysis
We evaluated the impact of model selection by compar-
ing results from both fixed-effect and random-effects 
models for all outcomes. The statistical significance and 

Fig. 2  Hypertension outcomes in non-surgical vs. surgical management of NFAI. Depicts the prevalence and development of hypertension 
in patients with NFAI under non-surgical management. B: Shows the change in hypertension prevalence among NFAI patients following surgical 
intervention
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effect directions remained consistent across both models, 
confirming that model selection did not alter our main 
conclusions (Supplementary Table  S1). For outcomes 
with substantial heterogeneity (I2 > 50%), we performed 
sensitivity analyses using a one-by-one exclusion method 
to identify potential sources of heterogeneity (Supple-
mentary Figure S1).

Subgroup analyses for functional changes revealed 
significant associations with BMI and follow-up dura-
tion, but not with age (Supplementary Table S2). In BMI-
stratified analysis, functional change rates were 1% (95% 
CI: 0.00–0.05) in the 24–27 kg/m2 group, 13% (95% CI: 
0.11–0.15) in the 27–30 kg/m2 group, and 14% (95% CI: 
0.06–0.26) in the > 30 kg/m2 group, with heterogeneity 

observed in the 27–30 kg/m2 subgroup (I2 = 89%). Fol-
low-up duration analysis showed functional changes 
increasing from 4% (95% CI: 0.02–0.07) at 18–30 months 
to 22% (95% CI: 0.13–0.34) at > 90 months, with interme-
diate values of 18%, 15%, and 21% at 30–42, 42–66, and 
66–90 months, respectively. Age stratification showed 
no consistent pattern, with rates of 2%, 22%, 9%, and 0% 
across progressive age groups (Supplementary Table S2).

Publication bias assessment using funnel plots was con-
ducted for outcomes with eight or more included studies. 
For specific complications in surgical and non-surgical 
groups, the number of available studies was fewer than 
eight. Funnel plot analysis was performed for functional 
changes as shown in Supplementary Figure S2.

Fig. 3  Metabolic comorbidity outcomes in non-surgical management of NFAI. A Illustrates the impact of non-surgical management on diabetes 
prevalence among NFAI patients. B Depicts the prevalence of obesity in NFAI patients under non-surgical management. C Outlines the prevalence 
of lipid metabolism disorders in the non-surgical NFAI cohort
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Discussion
Our systematic review and meta-analysis reveal signifi-
cant metabolic implications associated with NFAI. Nota-
bly, we observed a marked increase in the prevalence of 
diabetes mellitus and dyslipidemia among patients man-
aged non-surgically over the follow-up period. This find-
ing aligns with previous research indicating a twofold 
increase in diabetes risk for NFAI patients compared to 
individuals without adrenal tumors [35]. Recent evidence 
has clarified previously inconsistent findings, highlight-
ing increased insulin resistance [36] and a greater preva-
lence of type 2 diabetes [37] in this population.

Several factors may contribute to these observations. 
Firstly, the age range of our study population (50.3 to 66.4 
years for non-surgical and 50.5 to 53.2 years for surgi-
cal groups) represents a demographic with an inherently 
higher risk for metabolic disorders. Secondly, current 
limitations in diagnosing functional adrenal tumors may 
lead to misclassification, with patients exhibiting subtle 
hormonal secretion potentially being overlooked. This 
diagnostic challenge could contribute to the observed 
increase in metabolic syndrome frequency, suggesting a 
more complex etiological role of NFAI in metabolic dis-
turbances than previously thought.

Fig. 4  Tumor characteristics and hormonal function changes in non-surgical NFAI management. A Tumor size evolution in non-surgically managed 
NFAI patients. Depicts the percentage of NFAI patients who experienced a significant increase (> 10 mm) in tumor diameter during the follow-up 
period in the non-surgical group. B Hormonal function alterations in non-surgically managed NFAI patients. Illustrates the proportion of patients 
within the non-surgical cohort who exhibited changes in hormonal function, transitioning towards a functional adrenal incidentaloma status 
during follow-up
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To better understand these diagnostic challenges and 
metabolic implications, research by Androulakis et  al. 
[36] and others [38] delves deeper into the relation-
ship between NFAI and metabolic health, suggesting 
increased insulin resistance and endothelial dysfunction 
could be attributable to subtle cortisol excess. These find-
ings illuminate the complex interplay between hormonal 
activity and metabolic health, emphasizing the impor-
tance of recognizing and managing subclinical cortisol 
excess in NFAI. Our meta-analysis supports this con-
cept, revealing that approximately 4% of patients expe-
rienced significant tumor diameter enlargement during 
follow-up, while about 8% showed functional changes 
(Fig. 4). This suggests that NFAI may not be entirely non-
functional and could evolve into tumors with secretory 
capabilities, influencing the development of metabolic 
complications. The observed trend of increasing func-
tional changes and metabolic complications with longer 
follow-up periods suggests a possible time-dependent 
relationship that may warrant clinical consideration. 
These observations raise the question of whether NFAIs 
might potentially serve as indicators of metabolic vulner-
ability in some patients, which could support the value of 
periodic metabolic screening even when initial hormonal 
evaluations are normal.

Our findings also reveal a mean BMI exceeding 24 kg/
m2 among patients, indicative of the broader trend of 
obesity within the NFAI cohort. Subgroup analysis dem-
onstrated that both BMI and follow-up duration were 
significantly associated with the incidence of functional 
changes. The larger the BMI subgroup (from 24–27 kg/
m2 to > 30 kg/m2), the greater the proportion of nonfunc-
tional tumors developing functional changes (from 1 to 
14%). Similarly, longer follow-up durations showed pro-
gressively increasing rates of functional changes (from 
4% at 18–30 months to 22% at > 90 months). This obser-
vation underlines the critical role of central obesity in 
the pathogenesis of metabolic syndrome [39], resonating 
with the literature on adipose tissue’s endocrine function 
and its exacerbation of metabolic issues [40].

Our analysis suggests the potential benefits of surgi-
cal intervention, particularly in improving hypertension 
outcomes in NFAI patients. While these findings are 
preliminary, the comparison between surgical and non-
surgical outcomes requires careful interpretation. The 
surgical cohort was selected based on specific criteria 
including large tumor size, concerning imaging features, 
tumor growth, or severe hypertension. This selection 
bias, combined with the smaller surgical cohort size, sug-
gests the need for cautious interpretation of the meta-
bolic outcomes. Future studies, particularly randomized 
controlled trials, would help further validate these initial 

findings and better define the role of surgery in managing 
metabolic complications of NFAI.

Our sensitivity analyses revealed important sources 
of heterogeneity. For tumor diameter changes, the het-
erogeneity was primarily attributed to two studies [17, 
18]; removal of these studies significantly reduced het-
erogeneity. However, for functional changes, heteroge-
neity persisted even after sensitivity analyses, likely due 
to substantial differences in sample sizes across stud-
ies. The funnel plot analysis suggested publication bias, 
potentially reflecting a follow-up bias where patients with 
larger adenomas or higher cortisol levels were more likely 
to continue follow-up care, particularly those showing 
potential for functional changes.

These findings collectively highlight several key aspects 
of NFAI’s metabolic impact: (1) the significant associa-
tion with diabetes mellitus and dyslipidemia, particularly 
in patients managed non-surgically; (2) the potential role 
of subtle cortisol excess in metabolic complications, sup-
ported by our observation that 8% of patients developed 
functional changes during follow-up; and (3) the pos-
sible benefits of surgical intervention in selected cases, 
especially for hypertension management. Given these 
complex interactions, comprehensive long-term moni-
toring strategies are essential, with particular attention 
to hormonal changes and metabolic parameters. Future 
research should prioritize well-designed prospective 
studies and randomized controlled trials to address spe-
cific gaps, including the standardization of hormonal 
assessments, the comparison of surgical versus non-sur-
gical outcomes in matched populations, and the evalu-
ation of long-term metabolic implications in different 
patient subgroups.

Our study has several important limitations that war-
rant careful consideration. Regarding study design, most 
included studies were retrospective, potentially intro-
ducing selection and information biases that limit causal 
inference. The significant heterogeneity in study designs 
and patient populations may affect the consistency of 
our findings. Furthermore, the small number of studies 
reporting surgical outcomes restricted our capacity to 
perform comprehensive comparative analyses between 
surgical and non-surgical management.

Data-related limitations also impacted our analysis. 
The included studies predominantly reported dexameth-
asone suppression test results in a binary manner—either 
below or above 50 nmol/L—without disclosing precise 
cortisol measurements, constraining our ability to ana-
lyze borderline cases and nuanced hormonal responses. 
The assessment of aldosterone and renin levels was lim-
ited to baseline measurements, without follow-up moni-
toring or screening for primary hyperaldosteronism 
in patients with non-functional tumors. Additionally, 
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limited baseline tumor measurement data prevented 
detailed analysis of growth patterns in relation to initial 
tumor size.

Our analytical capabilities were further restricted by 
several factors. The relatively small number of available 
studies and population heterogeneity limited our abil-
ity to conduct comprehensive subgroup analyses. For 
most outcomes, the limited number of studies (fewer 
than eight) prevented reliable publication bias assess-
ment using funnel plots, and even for our largest analysis 
groups, the relatively small sample size precluded reli-
able statistical adjustments for publication bias. Despite 
conducting quality assessment using a modified Newcas-
tle–Ottawa Scale, the predominance of medium-quality 
retrospective studies limited our ability to determine 
how methodologically stronger or larger studies might 
influence our findings. Due to inconsistent reporting in 
the primary literature, we were unable to meta-analyze 
data on metabolic syndrome as a composite outcome in 
patients with non-functioning adrenal incidentalomas. 
Similarly, none of the included studies specifically meas-
ured insulin resistance parameters (such as HOMA-IR), 
representing an important gap in current evidence. Most 
original studies lacked appropriate control groups and 
could not be adjusted for age as a potential confound-
ing factor, limiting our ability to establish clear tempo-
ral relationships between adrenal incidentalomas and 
subsequent metabolic complications. The exploration of 
metabolic impacts in unilateral versus bilateral adrenal 
incidentals was not possible due to data limitations.

Regarding result interpretation, variations in follow-up 
durations and inconsistent definitions of metabolic dis-
orders across studies might have influenced the reported 
prevalence rates. Moreover, we could not fully assess 
publication bias in certain analyses due to the limited 
number of available studies. These limitations collectively 
emphasize the need for future research with standardized 
methodologies, comprehensive hormonal assessments, 
and consistent outcome definitions to better understand 
the metabolic implications of NFAI.

Conclusions
In patients with NFAI, subtle hormone secretion may 
exist despite current diagnostic criteria suggesting non-
functionality. Such tumors show significant associations 
with metabolic disorders, particularly diabetes mellitus 
and dyslipidemia. Future research should focus on devel-
oping more sensitive diagnostic methods and establish-
ing evidence-based surgical intervention criteria through 
prospective studies.
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