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Abstract
Introduction and hypothesis  Data examining the effect of diabetes mellitus (DM) on prolapse recurrence after sacrocol-
popexy (SCP) is limited. The primary objective of this study was to determine if DM affects prolapse recurrence after robotic 
SCP.
Methods  This was a retrospective cohort study of women who underwent robotic SCP between 2012 and 2019 at Kaiser 
Permanente Southern California. The cohort was divided into women with and without DM at the time of SCP. The primary 
outcome was composite failure. Secondary outcomes included recurrent compartment-specific prolapse, reoperation rates, 
and surgical complications.
Results  Of 547 patients included, 100 had DM. Women with DM were older, had higher BMI, higher parity, and were 
more likely to be nonwhite. Women with DM had more advanced prolapse at baseline but were not more likely to undergo 
concomitant procedures at the time of SCP. Over a median follow-up of 2.1 years (IQR 1.3, 3.4), women with DM had sig-
nificantly increased risk of anterior vaginal prolapse (AVP) recurrence (13% vs 3%, p<0.01), but not composite failure (21% 
vs 14%, p=0.14). On multivariate regression, women with DM were almost 4 times as likely to experience AVP recurrence 
over time (AVP hazard ratio (HR) 3.93, 95% CI 1.29–12.03, p=0.02).
Conclusion  In our cohort, DM was a risk factor for AVP recurrence but not composite failure after robotic SCP.
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Introduction

In the USA, an estimated 37.3 million people (11.3%) suffer 
from diabetes mellitus [1]. Diabetes is a known risk factor 
for pelvic organ prolapse [2–5], for which approximately 
300,000 women undergo surgery in the USA each year [6].

In the past 20 years, minimally invasive sacrocolpopexy 
(SCP) performed using lightweight mesh has become the 
gold standard for advanced pelvic organ prolapse; however, 

diabetes has been shown to almost double the risk of mesh 
exposure (OR 1.87, 95% CI 1.35–2.57) [7]. It is thought that 
this is in part due to an increased inflammatory response to 
mesh in women with diabetes, which has been confirmed in 
murine models [8].

It is uncertain, however, if women with diabetes are also 
at increased risk for prolapse recurrence after SCP. Previ-
ous studies investigating risk factors for prolapse recurrence 
after SCP have been in predominantly white populations, 
where the rate of diabetes is significantly lower than that 
of the general population [9–11]. In reality, diabetes dis-
proportionately affects racial/ethnic minority populations, 
who also suffer from some of the highest rates of pelvic 
organ prolapse [1, 4]. Thus, it is important to understand the 
impact of diabetes on prolapse recurrence to better care for 
patient populations with a higher prevalence of the disease.

The primary objective of our study was to determine if 
rates of prolapse recurrence after minimally invasive SCP 
are higher in women with diabetes. Secondary objectives 
included rates of recurrent compartment-specific prolapse, 
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reoperation rates, and surgical complications in women with 
and without diabetes.

Materials and methods

This study, approved by the Southern California Kaiser 
Permanente Institutional Review Board, was a retrospec-
tive cohort analysis of women who underwent robotic SCP 
between 1 January 2012 and 30 August 2019 at Kaiser 
Permanente Southern California, with a total of eight dif-
ferent urogynecologists. Surgical case lists were reviewed 
to identify all female patients who had undergone robotic 
SCP during the specified time period. For all patients, 
SCP was performed using type 1 lightweight polypropyl-
ene mesh, delayed absorbable suture attachment to the 
vagina and cervix, if present, and permanent suture on the 
sacrum. No sacrohysteropexies were performed. If an anti-
incontinence procedure was performed, it was by synthetic 
mid-urethral sling or urethral bulking. No concomitant 
Burch urethropexies were performed. Exclusion criteria 
were women under 18 years of age, pregnant women, and 
patients without pelvic organ prolapse examinations docu-
mented prior to or after surgical intervention.

Patient data including demographics, preoperative and 
postoperative examinations, surgical details, adverse events, 
and follow-up were abstracted from electronic medical 
records. The study cohort was divided into two groups for 
analysis: women with diabetes and women without diabe-
tes. Diabetes was defined based on the American Diabetic 
Association’s 2021 guidelines as HbA1c of greater than or 
equal to 6.5% within the 3 months leading up to surgery or 
a diagnosis of diabetes in the patient’s chart [12]. Postop-
erative HbA1c was also collected within 3 months of their 
documented failure date or their most recent postoperative 
visit if they never met the criteria for failure.

Primary outcome was composite failure, defined as the fol-
lowing: descent of the vaginal apex more than one-half of total 
vaginal length; vaginal descent in any compartment beyond the 
hymen; sensation of a vaginal bulge; or treatment for recurrent 
prolapse by pessary or surgery. Overall success was defined 
as absence of composite failure. Prolapse stage was measured 
using the pelvic organ quantification system (POP-Q). Second-
ary outcomes included intraoperative and postoperative com-
plications, failure by compartment, reoperation rates, and the 
impact of clinical, demographic, and surgical characteristics on 
outcomes. Patients were included in outcome analysis if they 
had at least 12 months of follow-up or if they experienced fail-
ure prior to 12 months. Patients without 12-month follow-up 
were included in demographic and surgical data analysis only.

Continuous data that were normally distributed were 
analyzed using unpaired t tests and reported as mean 
and standard deviation. Continuous data that were not 

distributed normally were analyzed using the Wilcoxon 
rank sum test and reported as median and interquartile 
range. Categorical data were reported in absolute values 
and percentages and compared using the Chi-squared test. 
Kaplan–Meier plots were created for primary and second-
ary outcomes and tested using log-rank for the unadjusted 
comparison. Multivariate logistic regression was per-
formed using Cox proportional hazard models to deter-
mine independent predictors of composite and individual 
compartment failure. Clinically relevant variables included 
in the model were BMI, parity, tobacco use, prior hyster-
ectomy, prior prolapse repair, prior incontinence surgery, 
and advanced preoperative prolapse (stage 3 or 4). The 
proportional hazard assumption was satisfied using the 
cumulative sums of Martingale residuals and testing for 
interactions with time. A p value of 0.05 was considered 
significant. Data were analyzed using SAS version 9.4.

Results

A total of 547 charts were reviewed, including 100 patients 
with type 2 DM (18%) and 447 without (82%). Demograph-
ics and preoperative examination details are listed in Table 1. 
There were no patients with type 1 diabetes in the cohort. 
Overall, patients in the diabetic group were older, had a 
higher BMI, were more likely to be nonwhite, and were 
more likely to suffer from cardiovascular disease. Fifty-five 
percent of the patient population self-identified as nonwhite 
and represented 83% of patients with diabetes.

There was no difference in the rates of prior hysterectomy, 
prolapse surgery, or incontinence surgery. Diabetics were more 
likely to experience stage 3 or 4 prolapse in each compartment 
and overall. Average HbA1c was 6.5% preoperatively and 7.2% 
postoperatively, which was a statistically significant increase (p 
= 0.02); however, pre- and postoperative HbA1c values were 
not different between those with and without composite failure 
(pre: 6.3% vs 6.5%, p = 0.67; post 7.1% vs 7.2%, p = 0.72).

The majority of patients in both groups underwent 
supracervical hysterectomy over total hysterectomy at the 
time of SCP, and there was no difference between groups 
(65% vs 68%, p = 0.77). Diabetics were not more likely to 
undergo anterior or posterior colporrhaphy, perineorrhaphy, 
or an anti-incontinence procedure at the time of surgery. 
There was no difference in intraoperative or postoperative 
complications between groups, and no SCP mesh complica-
tions occurred in the diabetic group (Table 2). Median fol-
low-up was 2.1 years and was not different between groups.

Postoperative success is described in Table 3. Overall 
composite failure rate was 15% and was not different between 
groups (14% vs 21%, p=0.14); however, anterior vaginal wall 
prolapse (AVP) beyond the hymen was significantly higher 
in diabetics (13% vs 3%, p<0.01). The same was true for 
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apical prolapse greater than half of the total vaginal length 
(12% vs 2%, p<0.01). Overall prolapse stage was slightly 
more advanced in diabetics postoperatively (1.6 vs 1.3, 
p=0.02). Postoperative treatment for prolapse was not dif-
ferent between groups, and most women elected for surgical 
management of their recurrence (94%). There was no differ-
ence in recurrence rates across providers (p=0.14).

On univariate survival analysis with Kaplan–Meier, 
the presence of DM did significantly increase the risk of 

composite failure over time (p=0.05). This was also true for 
AVP (p≤0.001) and apical prolapse (AP) recurrence (p<0.01), 
but not for posterior vaginal wall recurrence (PVP; Fig. 1). 
However, on multivariate regression analysis, there was no 
longer a significant difference in composite failure, AP or PVP 
recurrence (Table 4). In contrast, diabetes carried an almost 
four times greater risk of AVP recurrence on multivariate analy-
sis (hazard ratio [HR] 3.93, 95% CI 1.29–12.03, p = 0.02). 
BMI resulted in a small but significant increased risk for both 

Table 1   Patient and surgical 
characteristics

Continuous data are reported as mean ± SD when normally distributed and as median (interquartile range) 
if not distributed normally. The data are compared using either unpaired t test or Wilcoxon rank sum test 
respectively. Categorical data are reported in absolute values and percentages and compared using Chi-
squared test
BMI body mass index, DM diabetes mellitus

Total (N=547) Non-DM (N=447) DM (N=100) p value

Age 61.5 (9.06) 61.1 (9.25) 63.2 (7.99) 0.04
BMI 27.8 (4.58) 27.5 (4.52) 29.1 (4.65) < 0.01
Parity 2.9 (1.40) 2.8 (1.38) 3.2 (1.43) 0.01
Race
      Non-Hispanic white 244 (45%) 227 (51%) 17 (17%) < 0.01

  Hispanic 239 (44%) 181 (40%) 58 (58%) < 0.01
  Asian 36 (7%) 23 (5%) 13 (13%) < 0.01
  Black 21 (4%) 12 (3%) 9 (9%) < 0.01
  Pacific islander 4 (1%) 1 (0%) 3 (3%) 0.02

      Refuse 2 (0%) 2 (0%) 0 (0%) 0.67
Comorbidities

  Cardiovascular disease 233 (43%) 162 (36%) 71 (71%) < 0.01
  Pulmonary disease 59 (11%) 43 (10%) 16 (16%) 0.06
  Thyroid disease 89 (16%) 73 (16%) 16 (16%) 0.94

    Connective tissue disorder 10 (2%) 10 (2%) 0 (0%) 0.13
Menopausal status 0.13

  Premenopausal 62 (11%) 55 (12%) 7 (7%)
  Postmenopausal 484 (89%) 391 (88%) 93 (93%)

Tobacco use 0.53
  Never 418 (77%) 345 (77%) 73 (73%)
  Former 120 (22%) 94 (21%) 26 (26%)
  Current 8 (1%) 7 (2%) 1 (1%)

Stress urinary incontinence 338 (62%) 280 (63%) 58 (58%) 0.39
Urge urinary incontinence 402 (73%) 327 (73%) 75 (75%) 0.71
Prior abdominal surgery 281 (51%) 222 (50%) 59 (59%) 0.09
Prior prolapse repair 94 (17%) 78 (17%) 16 (16%) 0.73
     Apical suspension 49 (9%) 41 (9%) 8 (8%) 0.71
Prior hysterectomy 163 (30%) 136 (30%) 27 (27%) 0.50
    Total hysterectomy 147 (90%) 124 (91%) 23 (85%) 0.34
    Supracervical hysterectomy 16 (10%) 12 (9%) 4 (15%)
Prior incontinence surgery 51 (9%) 41 (9%) 10 (10%) 0.77
Preoperative examination

  Prolapse stage, apical 2.2 (0.96) 2.1 (0.94) 2.4 (1.02) 0.02
  Prolapse stage, anterior 2.7 (0.68) 2.6 (0.66) 2.8 (0.73) < 0.01
  Prolapse stage, posterior 1.9 (1.04) 1.8 (1.04) 2.1 (1.02) 0.05
  Prolapse stage, overall 2.8 (0.56) 2.8 (0.54) 3.0 (0.59) < 0.01



1862	 International Urogynecology Journal (2023) 34:1859–1866

1 3

anterior and composite failure (anterior: HR 1.14, 95% CI 
1.03–1.26, p = 0.01; composite: HR 1.07, 95% CI 1.02–1.13, 
p = 0.01). Prior hysterectomy conferred an almost three-fold 
increased risk in overall prolapse recurrence over time (HR 
2.94, 95% CI 1.16–7.44, p = 0.02).

Stress urinary incontinence (SUI) and urge urinary inconti-
nence (UUI) affected 62% and 73% of patients preoperatively. 
Postoperatively, these numbers decreased to 17% and 38% 
respectively, and were not different between groups (Table 3).

As this was an analysis of retrospective data collected 
for a separate study, power calculations were not done for 
this analysis. However, post-hoc power calculation was 
performed. The study was adequately powered to detect a 
10% difference in AVP recurrence and AP recurrence (82% 
and 87% respectively); however, it was not adequately pow-
ered to detect a difference in composite failure. A sample 
size of 199 per group would have been needed to detect a 
10% difference in composite failure rates.

Table 2   Surgical parameters and complications

Continuous data are reported as mean ± SD when normally distributed and as median (interquartile range) if not distributed normally. The data 
are compared using either unpaired t test or Wilcoxon rank sum test respectively. Categorical data are reported in absolute values and percent-
ages and compared using Chi-squared test
BSO bilateral salpingo-oophorectomy, DM diabetes mellitus, USO unilateral salpingo-oophorectomy, UTI urinary tract infection

Total (N=547) Non-DM (N=447) DM (N=100) p value

Duration of surgery (min) 182.2 (40.02) 180.9 (42.06) 185.7 (34.00) 0.52
Estimated blood loss (mL) 78.6 (56.23) 78.4 (55.29) 79.4 (60.52) 0.87
Concomitant hysterectomy 384 (70%) 311 (69%) 73 (73%) 0.77
    Supracervical hysterectomy 355 (65%) 287 (64%) 68 (68%)
    Total laparoscopic hysterectomy 29 (5%) 24 (5%) 5 (5%)
Additional procedures 1.1 (0.83) 1.1 (0.82) 1.3 (0.85) 0.04

  Anterior repair 62 (11%) 48 (11%) 14 (14%) 0.35
  Posterior repair 91 (17%) 69 (15%) 22 (22%) 0.11
  Perineorrhaphy 243 (44%) 190 (43%) 53 (53%) 0.06

       Anti-incontinence procedure 302 (55%) 250 (56%) 52 (52%) 0.48
  BSO/USO 159 (29%) 121 (27%) 38 (38%) 0.03
  Lysis of adhesions 21 (4%) 14 (3%) 7 (7%) 0.07

Intraoperative complications 13 (2%) 11 (2%) 2 (2%) 0.78
  Vaginotomy 4 (1%) 2 (0%) 2 (2%)
  Bladder oversew/cystotomy 7 (1%) 7 (2%) 0 (0%)

       Bowel injury 1 (0%) 1 (0%) 0 (0%)
  Vascular injury 1 (0%) 1 (0%) 0 (0%)

Postoperative complications 229 (42%) 183 (41%) 46 (46%) 0.35
       Urinary tract infection 30 (5%) 27 (6%) 3 (3%) 0.23

  Infection 28 (5%) 22 (5%) 6 (6%) 0.66
  Hematoma 2 (0%) 2 (0%) 0 (0%) 0.50

       Urinary retention requiring catheterization 132 (24%) 106 (24%) 26 (26%) 0.63
  Cardiac complication 3 (1%) 2 (0%) 1 (1%) 0.50
  Pulmonary complication 2 (0%) 1 (0%) 1 (1%) 0.25
  Small bowel obstruction 5 (1%) 4 (1%) 1 (1%) 0.92
  Emergency room visit 18 (3%) 13 (3%) 5 (5%) 0.29
  Chronic pelvic pain 23 (4%) 19 (4%) 4 (4%) 0.91

       Recurrent UTI 13 (2%) 10 (2%) 3 (3%) 0.65
  Incisional hernia 5 (1%) 5 (1%) 0 (0%) 0.29
  Mesh exposure 8 (1%) 8 (2%) 0 (0%) 0.18
  Mid-urethral sling 7 (88%) 7 (88%) 0 (0%)
  Sacral colpopexy 1 (13%) 1 (13%) 0 (0%)
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Discussion

In our study, we found that although diabetes did not 
increase the risk of composite failure after SCP, it did sig-
nificantly increase the risk of AVP recurrence past the level 
of the hymen on both univariate and multivariate analysis. 
On multivariate regression, diabetes was associated with an 
almost four-fold risk of AVP recurrence over time. Fortu-
nately, this did not translate to higher rates of re-operation 
over a median follow-up of 2.1 years. Prior hysterectomy 
and BMI were both independent risk factors for composite 
failure on multivariate analysis. Diabetics did not, however, 
suffer from increased rates of surgical complications or mesh 
exposure.

Eighteen percent of patients in our study had diabetes, 
higher than the 11% national average [1]. Eighty-three per-
cent of patients with diabetes were nonwhite, highlighting 
the disproportionate impact of diabetes on racial/ethnic 

minority populations within the USA. These patients were 
more overweight, more likely to have cardiovascular dis-
ease, and had more advanced preoperative prolapse in each 
compartment. Women with diabetes also had more advanced 
overall postoperative prolapse stage at the time of most 
recent follow-up; however, this was a small and likely clini-
cally insignificant difference given that both groups were 
found to have prolapse lower than stage 2.

Although glycemic control worsened from the pre- to the 
postoperative period, mean postoperative HbA1c (7.2%) fell 
just above the American Diabetic Association recommen-
dation to maintain an HbA1c of 7% or less [13]. Although 
not statistically significant, mean postoperative HbA1c was 
slightly lower in the group that experienced failure (7.1% 
versus 7.2%). This highlights that even patients with rela-
tively well-controlled diabetes are predisposed to recurrence. 
The pathophysiology behind this increased risk is unclear; 
however, it is well known that chronic hyperglycemia 

Table 3   Postoperative outcomes

Continuous data are reported as mean ± SD when normally distributed and as median (interquartile range) 
if not distributed normally. The data are compared using either unpaired t test or Wilcoxon rank sum test 
respectively. Categorical data are reported in absolute values and percentages and compared using Chi-
squared test
DM diabetes mellitus
a None of the patients had stage 4 prolapse postoperatively

Total (N=343) Non-DM (N=282) DM (N=61) p value

Total follow-up time (years) 2.1 (1.3, 3.4) 2.2 (1.3, 3.5) 2.1 (1.4, 3.1) 0.63
Overall success 291 (85%) 243 (86%) 48 (79%) 0.14
Composite failure 52 (15%) 39 (14%) 13 (21%) 0.14
      Anterior prolapse past hymen 15 (4%) 7 (3%) 8 (13%) < 0.01
      Posterior prolapse past hymen 14 (4%) 10 (4%) 4 (7%) 0.27
      Apical prolapse >half canal 14 (4%) 7 (2%) 7 (12%) < 0.01
      Postoperative pessary use 1 (0%) 0 (0%) 1 (2%) 0.99
      Subjective sense of prolapse 35 (10%) 25 (9%) 10 (16%) 0.08
Treatment for prolapse

  Pessary 1 (6%) 0 (0%) 1 (25%) 0.99
  Surgery 17 (94%) 14 (100%) 3 (75%) 0.25

                Anterior repair 7 (2%) 5 (2%) 2 (3%) 0.45
  Posterior repair 9 (3%) 8 (3%) 1 (2%) 0.60
  Perineorrhaphy 9 (3%) 7 (2%) 2 (3%) 0.72
  Apical repair 3 (1%) 2 (1%) 1 (2%) 0.48

Postoperative examinationa

  Prolapse stage, apical 0.2 (0.48) 0.2 (0.46) 0.3 (0.56) 0.45
  Prolapse stage, anterior 1.0 (0.83) 1.0 (0.82) 1.2 (0.87) 0.12
  Prolapse stage, posterior 0.7 (0.80) 0.7 (0.78) 0.8 (0.86) 0.59
  Prolapse stage, overall 1.3 (0.78) 1.3 (0.78) 1.6 (0.75) 0.02

Stress urinary incontinence 55 (17%) 49 (18%) 6 (11%) 0.18
        De novo 30 (55%) 25 (51%) 5 (83%) 0.13

  Pre-existing 25 (45%) 24 (49%) 1 (17%)
Urge urinary incontinence 123 (38%) 98 (36%) 25 (44%) 0.28

  De novo 98 (80%) 78 (80%) 20 (80%) 0.96
  Pre-existing 25 (20%) 20 (20%) 5 (20%)
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impairs wound healing, angiogenesis, and the immune 
response [14]. After surgery, insulin resistance increases 
significantly in both diabetic and nondiabetic patients, which 
can lead to a pronounced increase in hyperglycemia even in 
well-controlled diabetics, such as those in our study [15]. 
Postoperative hyperglycemia heightens the inflammatory 

response, which has been implicated as a risk factor for 
mesh complications after SCP in diabetic murine models 
[7, 15]. Theoretically, this inflammation and impaired angio-
genesis may also impact postoperative healing and increase 
the risk of surgical failure. The anterior compartment has 
the highest risk of failure after SCP [16, 17], which may be 
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Fig. 1   Kaplan–Meier survival plots demonstrating change in prolapse recurrence and composite failure over time in women with and without 
diabetes mellitus. AP apical prolapse, AVP anterior vaginal prolapse, PVP posterior vaginal prolapse

Table 4   Multivariate analysis: Cox proportional hazard model

BMI body mass index, CI confidence interval, HR hazard ratio
a Prolapse greater than or equal to stage 3 on the Pelvic Organ Prolapse Quantification examination

Parameter Anterior recurrence Posterior recurrence Apical recurrence Overall success

HR 95% CI p value HR 95% CI p value HR 95% CI p value HR 95% CI p value

Diabetes 3.93 1.29–12.03 0.02 1.12 0.83–1.50 0.46 1.05 0.77–1.42 0.76 1.61 0.84–3.07 0.15
BMI 1.14 1.03–1.26 0.01 1.01 0.98–1.03 0.50 1.01 0.98–1.03 0.66 1.07 1.02–1.13 0.01
Parity 0.86 0.55–1.36 0.52 1.00 0.92–1.09 0.98 1.01 0.93–1.10 0.85 0.95 0.77–1.18 0.66
Tobacco use 1.03 0.28–3.82 0.97 1.25 0.95–1.63 0.12 1.18 0.89–1.56 0.25 1.75 0.96–3.17 0.07
Prior hysterectomy 2.90 0.51–16.62 0.23 1.09 0.73–1.64 0.68 1.05 0.77–1.42 0.83 2.94 1.16–7.44 0.02
Prior prolapse Surgery 0.12 0.01–2.87 0.19 0.81 0.54–1.20 0.28 0.85 0.57–1.26 0.42 0.52 0.18–1.52 0.23
Prior incontinence Surgery 2.27 0.30–17.34 0.01 0.76 0.48–1.21 0.25 0.69 0.43–1.11 0.12 0.76 0.34–3.15 0.94
Prolapse stage ≥3a 7.41 0.42–130.57 0.25 0.84 0.65–1.09 0.20 0.83 0.64–1.07 0.15 0.84 0.69–2.83 0.36
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why diabetics were particularly vulnerable to recurrence in 
this compartment. Apical descent and overall postoperative 
prolapse stage were also more advanced in diabetic patients. 
Although neither of these was clinically significant, they do 
lend support to the theory that impaired healing in diabetics 
may compromise surgical integrity.

In our study, diabetic patients had more advanced pro-
lapse at baseline, which is a known risk factor for recur-
rence [7, 8]; however, this was controlled for on multivariate 
analysis and was not found to be an independent risk factor. 
BMI, on the other hand, was found to be an independent 
risk factor for both AVP recurrence and composite failure, 
although the effect was small (HR 1.14 and 1.07 respec-
tively). This is consistent with the literature, which suggests 
that there is minimal, if any, effect of BMI on prolapse recur-
rence after SCP [18]. Prior hysterectomy was also found 
to increase the risk of composite failure by three-fold. To 
date, there is only one study that has investigated the risk of 
prolapse recurrence in women with concomitant versus prior 
hysterectomy at the time of SCP, and the authors showed no 
difference between groups [19]. Similarly, a meta-analysis 
demonstrated no increased risk of prolapse recurrence in 
women with prior hysterectomy undergoing native tissue 
repair or repair with vaginal grafts [20]. Regardless of the 
effect prior hysterectomy may have on recurrence, SCP is 
the most effective surgical intervention for vaginal vault 
prolapse in a woman who wishes to preserve sexual func-
tion [21]. Thus, these findings are unlikely to impact clinical 
practice.

Limitations of our study include its retrospective nature. 
Additionally, it is well known that the risk of prolapse recur-
rence increases with time [22]; therefore, we may not have 
successfully captured the full extent of recurrences within 
the study population. Although we collected preoperative 
and postoperative HbA1c values at the time of failure and/or 
most recent postoperative visit, we did not trend values over 
time. Thus, it is possible that we did not capture periods of 
particularly poor glycemic control. Finally, these data were 
collected for a separate analysis; however, it represented a 
complete list of all patients who had undergone SCP within 
the specified time period. Thus, the risk of bias in data col-
lection and patient selection was likely minimal. A power 
calculation was not performed for this specific research ques-
tion. Consequently, the study may have been underpowered 
to detect a difference in composite failure between groups.

Our study has multiple strengths. The majority of patients 
in our study were from minority backgrounds, which allows 
the applicability of our findings to a more diverse popu-
lation than traditionally represented in research. Our data 
came from a well-documented and highly organized medi-
cal record system through Kaiser Permanente. Active Kai-
ser members are unlikely to go outside of the system to 
receive care; thus, their retrospective data are more likely 

to be complete. Multivariate analysis controlled for multi-
ple independent variables, and survival analysis was used to 
analyze outcomes over time given the wide follow-up period 
of 1 to 8.6 years.

In conclusion, even in well-controlled diabetics, diabetes 
increased the risk of anterior vaginal wall prolapse recur-
rence by approximately four-fold in our diverse patient 
population. This is an important consideration when coun-
seling diabetic patients regarding postoperative expecta-
tions. Future studies should include larger cohorts and tra-
ditional laparoscopy, in addition to basic science research 
that furthers our understanding of the role that increased 
insulin resistance and hyperglycemia may play in prolapse 
recurrence.
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