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Incidence and determinants of
hysterectomy among North
Indian women: An 8-year
follow-up study
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and Kallur Nava Saraswathy*

Department of Anthropology, University of Delhi, Delhi, India

Background: Despite indications of a rapid increase in the number of
hysterectomies performed in India, very few studies have methodically
investigated the rate and determinants of the incidence of hysterectomy. The
present study aims to estimate the rate of incidence of hysterectomy and
identify predictors/determinants of incident hysterectomy in a cohort of North
Indian women.

Methods: In the present study, a cohort of 1,009 ever-married North
Indian women (aged 30-75 years) was followed up after a median of 8.11
years. Those hysterectomized at the baseline (63) were excluded; and of
the rest 946 participants, 702 (74.2%) could be successfully followed-up.
During the baseline assessment, data about sociodemographic variables,
reproductive history, menopausal status, physiological health, and selected
blood biochemicals were collected. During the end-line assessment, data
about sociodemographic variables, current menopausal status, and incident
hysterectomy were recorded.

Results: The overall rate of incidence of hysterectomy was found to be 11.59
per 1,000 women-years, in the study population. Interestingly, the incidence
rates were found to be similar among pre- and post-menopausal women.
Further, while late age at menarche was found to be negatively associated
with incident hysterectomy, folate repletion and high triglyceride (TG) at the
baseline were found to be positively associated.

Conclusions: High rate of incident hysterectomy in the studied population
points toward the huge burden of gynecological morbidity and the
unavailability of non-invasive protocols. Such a situation warrants
immediate policy intervention. Further, maintaining TG and folate within
normal physiological ranges may be beneficial in gynecological ailments
necessitating hysterectomy.

incident hysterectomy, rural community, reproductive health, menopause,
triglycerides, folate
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1. Introduction

Hysterectomy is a surgical procedure that involves the
removal of the uterus corpus with (total hysterectomy) or
without cervix (subtotal or supracervical hysterectomy) (1). It
is the second most performed surgery among women after
caesarean section (2). Hysterectomy is performed for various
gynaecological conditions, which include uterine cancers, other
non-cancerous (benign) uterine conditions such as uterine
fibroids, endometriosis, prolapse, and other uterine disorders,
and chronic pelvic pain (2). In rural India, hysterectomy is
reported to be a widely accepted intervention for gynaecological
diseases (3).

For many decades, studies and research on hysterectomy
have focused on high-income countries such as the USA,
European countries, Australia, and New Zealand (4-13). As per
previous reports, between 20 and 40% of women in high-income
countries would undergo hysterectomy by the age of 60 years (4-
8), of which most surgeries would be performed between the age
of 44 and 54 years (14-18). However, studies from the last two
decades have reported a decline in the prevalence and incidence
of hysterectomy in high-income countries (19, 20). Meanwhile, a
surge in the incidence of hysterectomy has been reported in low
and middle-income countries, including India (21-24).

In a diverse country like India, the prevalence of
hysterectomy varies between 1.7 to 9.8% within different
regions of the country (25-30). Variations in hysterectomy
rates have been associated with socio-economic, lifestyle,
reproductive, and cardiometabolic variables (31). Due to a
sudden increase in the prevalence, hysterectomy has emerged
as an important women’s health issue in India (21, 32). The
claim is further strengthened by the findings of a recent study
that reported an incidence rate of 20.7 per 1,000 women-years
(95% CI: 14.0 to 30.8) from a cohort of low-income women of
Gujarat, India (24).

Earlier believed to be a safe procedure, a growing body of
literature has associated hysterectomy with several short- and
long-term adverse health conditions (33-35). Hysterectomized
women have potential surgical complications, an increased
risk for urinary tract infections, urinary incontinence, sexual
dysfunction, depression, increased fatigue, osteoporosis,
coronary heart diseases, earlier onset of menopause, and
anatomical complications (33-37).

Taking into consideration the growing prevalence rate of
hysterectomy in developing countries, including India, and
the growing concerns regarding long-term adverse health
consequences of hysterectomy, it is pertinent to understand the
rate of occurrence of new cases and the factors associated with
them. However, very few studies have methodically investigated
the rate and determinants of the incidence of hysterectomy in
developing countries; accordingly, the present study follows up
on a cohort of adult Jat women from rural Haryana, North India
after 8 years to estimate the rate of incidence of hysterectomy
and identify predictors/determinants of incident hysterectomy.
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2. Materials and methods
2.1 Study design

The present study derives its data from a major Department
of Biotechnology (DBT), Government of India funded project
(baseline study) and a minor Institute of Eminence (IoE),
University of Delhi funded project (follow-up). Both studies
have been conducted among a cohort of Jat women from Palwal
district, Haryana. Jat is a large ethnic community of North and
Northwest India (as well as Pakistan) with a sizable population
in Haryana, Delhi, Rajasthan, Gujarat, Punjab, and Western
Uttar Pradesh (38). Being one of the major communities of
Delhi (where the host institute undertaking the study is located)
and neighboring regions (Haryana and Western Uttar Pradesh),
the Jat community was selected for the study. Further, the
Palwal district of Haryana was chosen as the study site for
the following reasons: it is not only densely populated by the
Jat community, being a border district, it shares close cultural
ties with Western Uttar Pradesh, and hence increases the
generalizability of the results.

During the baseline study, conducted between July 2012 to
May 2013, a total of 1,009 ever married women (age group of
30-75 years) were recruited from 15 villages of Palwal, Hathin,
and Hodal blocks of Palwal district, Haryana. Villages primarily
inhabited by the Jat community were purposively selected.
From the selected villages, 1,009 apparently healthy individuals
(having no self-reported physical or mental illnesses) who were
willing to participate were randomly recruited. Individuals with
prior history of major chronic diseases like CVDs and cancers,
on long-term medication, and pregnant/lactating mothers were
not included in the study. Blood relatives up to the first cousin
were also excluded from the study.

An important point worth mentioning is that the Jat
community of Palwal district practice community endogamy
but village exogamy (males marry outside their villages).
Consequently, though the participants were recruited from 15
selected villages (where they were married), they were born and
raised in, and hence represented a wider geographical region.

Of the 1,009 women, 562 (55.7%) were premenopausal, 384
(38.1%) were menopausal, and 63 (6.2%) were hysterectomized.
During the baseline study, data pertaining to sociodemographic
variables, reproductive history, menopausal status, physiological
health, and selected blood biochemical variables were collected.

After the baseline study, the cohort was followed up from
September 2020 to March 2021, i.e., after a median of 8.11
years. Since the study aimed to determine the incidence of
hysterectomy, participants who were hysterectomized at the
baseline study (n = 63) were excluded from the follow-
up study. Of remain 946 women, 702 (74.2%) could be
successfully followed up and re-recruited for the follow-up
study. Remaining participants could not be followed up/re-
recruited due to death of some of the participants, migration,
and refusal to participate in the follow-up study (mostly due
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to the fear COVID-19 pandemic, though adequate protection
measures were taken while conducting the fieldwork). The
dropouts were at random. During the follow-up assessment,
data pertaining to sociodemographic variables were recorded
by using the same interview schedule as that of the baseline
study. Additionally, data about the current menopausal status
of the participants and incident hysterectomy were also
recorded. The baseline study as well as the follow-up study
was approved by the Institutional Ethical Committee of the
Department of Anthropology, University of Delhi (approval no.
Anth/2010/455/1 for baseline study and Anth/2021-22/06 for
follow-up study). All the data were collected after obtaining
informed written consent from the participants.

2.2 Post-hoc power calculation

Post-hoc  power was calculated using the formula
(1’1*1’0)2
Ppry) =% .
Power = 7 {#}; where Py = incidence

Po*Qp
of population [taken as 20.7 per 1,000 women-years(24)], P} =

incidence of study (taken as 11.59 par 1,000 women-years), N
= sample size at follow up (N = 702), o = probability of type
I error (0.05), z = critical value (z = 1.96), ¢ () = function to
convert a critical Z-value to power. Post-hoc power of the study
was found to be 80.1%.

2.3 Baseline data collection

In the baseline study, the following data were collected using
the household survey method:

2.3.1 Sociodemographic, lifestyle, and
reproductive history

Data pertaining to the sociodemographic (name, age,
educational status, occupation) and lifestyle (smoking,
alcoholism) variables as well as reproductive profile (age at
menarche, age at first conception, age at last conception, history
of foetal loss, tubal ligation) were collected using a pretested and

modified interview schedule.

2.3.2 Somatometric measurements

Height (cm) and weight (kg) were taken on all the
participants with lightweight clothing and without shoes
by using an anthropometer rod and weighing machine,
respectively. Body Mass Index (BMI) was calculated using the
formula weight in kilogram divided by height in metre square
(kg/mz). Individuals with BMI <18 kg/m2 were classified as
underweight, 18.0-22.9 kg/m? as normal weight, 23.0-24.9
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kg/m? as overweight, and >25 kg/m? as obese (39). Waist
circumference (cm) was measured at the least circumference
between the lower ribs and the iliac crest. Waist circumference
<80cm was taken as normal (39). Hip circumference was
measured at the buttock yielding the maximum circumference.
The waist-hip ratio (WHR) was calculated using the formula
waist circumference (cm) divided by the hip circumference
(cm) ie., (W/H). The circumference was measured using non-
expandable steel tape. WHR <0.80 among females was classified
as normal (39). Blood pressure (BP) was measured by a mercury
sphygmomanometer on each participant thrice at an interval
of 5min, and the average of the three readings was taken as
final. Individuals with systolic and diastolic blood pressures
<120 and <80 mmHg, respectively were classified in the normal
category, between 120 and 129 and <80 mmHg, respectively in
the elevated category, between 130 and 139 or 80-89 mmHg,
respectively in Stage 1 category, and >140 or > 90 mmHg in,
respectively Stage 2 category (40).

2.3.3 Blood sample collection

In the baseline study, 5ml of intravenous blood samples
were collected after 12h of fasting by a phlebotomist. The
collected blood samples were transported to the Department
of Anthropology, University of Delhi in an ice box. From each
blood sample, serum and plasma were separated within 3 h of the
sample collection and were stored at —80°C for further analysis.

2.4 Biochemical analysis and cut-offs

Lipid parameters included in the study were total cholesterol
(TC), total triglycerides (TG), and high-density lipoprotein
(HDL). Estimation of the lipid variables was done by
spectrophotometer technique using the commercially available
kits (Randox Laboratories Ltd.). The levels of low-density
lipoprotein (LDL) and very low-density lipoprotein (VLDL)
were computed using Friedewald-Levy-Fredrickson’s formula
(41). Normal values of TC, TG, HDL, LDL and VLDL were taken
as 100-200 mg/dl, 50-150 mg/dl, >50 mg/dl, up to 130, and
10-0 mg/dl, respectively (42).

Estimation of homocysteine, folate, and vitamin B12
levels was done using Immulite 1,000 Analyser (Siemens
Diagnostic products, USA) by chemiluminescence technique.
High homocysteine was defined as >15 pmol/L, vitamin B12
deficiency as <220 pg/ml, and folate deficiency as <3 ng/ml (43).

2.5 Follow-up data collection
During the follow-up study, sociodemographic and lifestyle

data were captured from each participant using a pretested and
modified interview schedule. Current menopausal status, and
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data on whether the participants underwent a hysterectomy
after the baseline but before the follow-up study were
also captured.

2.6 Statistical analysis

Statistical analysis was performed using SPSS version
20.0, and appropriate statistical tools were applied for
the analysis. Chi-square tests were used to determine the
difference in the distribution of categorical variables. Guided
by previous studies, some of the highly prevalent health
conditions and associated factors (viz reproductive events,
obesity, hypertension, dyslipidaemia, folate deficiency, vitamin
B12 deficiency, and hyperhomocysteinemia) were selected
as independent/predictor variables. Correlation analysis
was performed to determine collinearity among predictor
variables. No/weak correlation (correlation coefficient <0.4)
was observed among selected reproductive events, vitamin
deficiencies, hyperhomocysteinemia, and hypertension. Some
of the obesity and lipid parameters were moderately/strongly
correlated with each other viz BMI-WC (r = 0.8), BMI-
WHR (r = 0.4), WC-WHR (r = 0.7), TC-LDL (r = 0.9),
TG-VLDL (r = 0.99). Nevertheless, since the study primarily
focused on exploring the independent effects of predictor
variables on incident hysterectomy, all the predictor variables
were subjected to logistic regression. Both unadjusted and
adjusted logistic regression models were computed. The
goodness of fit was assessed by the Hosmer-Lemeshow test.
For unadjusted models, incident hysterectomy was taken
as the dependent variable and selected health conditions
(one at a time) as the independent variable. To compute
adjusted models, apart from selected health conditions
(one at a time), studied sociodemographic factors (age,
education, occupation, village type, alcohol consumption and
smoking) were also loaded as the predictor variable. Logistic
regression analysis was performed to determine the odds
ratios. A significance level of p < 0.05 was used for all the
statistical tests.

3. Results

3.1 General characteristics of the study
participants

The distribution of baseline sociodemographic variables
was seen among women with no history of hysterectomy
and women with a hysterectomy at the end-line (incident
hysterectomy). No significant differences in the distribution of
the sociodemographic variables were observed between the two
groups (Table 1).
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3.2 Rate of incidence of hysterectomy
and self-reported reasons

The overall incidence rate of hysterectomy in the studied
population was found to be 11.59 per 1,000 women-years
(Table 2). Interestingly, the rates of incidence were found to be
similar among pre-menopausal and menopausal women (11.46
and 11.81 per 1,000 women-years, respectively).

Uterine fibroids were the most frequently reported reason
for hysterectomy among both pre-menopausal and menopausal
groups. The second most frequently reported reason for
hysterectomy among pre-menopausal women was excessive
bleeding, whereas, among menopausal women, it was abdominal
pain (Table 2).

3.3 Reproductive trajectory,
cardiometabolic, and biochemical
variables in incident hysterectomy

The distribution of baseline reproductive variables was
seen between the groups of women with no history of
hysterectomy and with incident hysterectomy (Table 3). The
baseline reproductive events included age at menarche, age at
first conception, age at the last conception, history of fetal
death, and tubal ligation. No significant differences in the
distribution of the above-mentioned reproductive events were
found between the two groups of women. In odds ratio analysis,
participants with higher age at menarche were found to be at a
reduced risk of hysterectomy. Other reproductive variables were
not found to be associated with hysterectomy.

No significant difference in the distribution of baseline
cardiometabolic and biochemical variables was observed
between women with no hysterectomy and incident
hysterectomy except for TG and folate, where the proportion
of women with high TG and normal folate was found to be
significantly higher in incident hysterectomy group (Table 3).

In odds ratio analysis, while high TG at baseline was found
to pose a 1.86-fold increased risk for a hysterectomy at endline
assessment, low folate was found to reduce the risk of incident
hysterectomy. Other cardiometabolic and biochemical variables
were not found to be associated with incident hysterectomy.

4. Discussion

The present study was aimed at estimating the rate and the
determinants of the incidence of hysterectomy in the studied
population. In the present study, the rate of incidence of
hysterectomy was found to be 11.59 per 1,000 women-years.
Though this rate is lower than the incidence rate (of 20.7 per
1,000 women-years) reported in only one other such study from
India (24), it is higher than the highest incident hysterectomy
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TABLE 1 Distribution of baseline socio-demographic variables among women with no history of hysterectomy and incident hysterectomy.

Variables No Hys (N = 637) Incident Hys (N = 66) p-value
n (%) n (%)

Age at enrolment 30-39 181 (28.68) 19 (28.79) 0.45
40-49 220 (34.87) 20 (30.3)
50-59 140 (22.19) 20 (30.3)
>60 90 (14.26) 7 (10.61)

Education Non-literate 491 (77.57) 51(77.27) 0.96
Literate 142 (22.43) 15 (22.73)

Occupation Agriculturist 404 (64.13) 38 (57.58) 0.35
Housewife 217 (34.44) 26 (39.39)
Service 9(1.43) 2(3.03)

Village type Rural 339 (53.9) 31 (47.00) 0.28
Urban 290 (46.1) 35 (53.00)

Smoking status No 372 (59.9) 36 (57.1) 0.67
Yes 249 (40.1) 27 (42.9)

Alcohol consumption No 620 (99.7) 63 (98.4) 0.66
Yes 2(0.3) 1(1.6)

Median age at follow-up (IQR) 52.67 (46.30-61.00) 52.74(47.14-59.14) 0.78

Hys, Hysterectomy; IQR, Interquartile Range.

rates reported from developed countries such as the USA,
Germany, Australia, and European countries (24). For instance,
the incidence rate of hysterectomy (per 1,000 women-years) has
been estimated to be 3.85 in the USA (44), 3.07-4.71 in Australia
(45, 46), 3.6 in Germany (47), 2.25 in Finland (48), and 1.8 in
Denmark (14). Further, developed countries have witnessed a
decline in hysterectomy rates over the years, which is evident
from the drop in the incidence rate in Australia (from 6.54 per
1,000 women-years in 2000-2001 to 4.71 per 1,000 women-years
in 2013-2014) (45), Denmark (from 2.05 per 1,000 women-years
in 1977-1981 to 1.73 per 1,000 women-years in 2011) (14) and
USA (from 7.10 per 1000 women-years in 1980 to 6.60 per 1,000
women-years in 1987 and 5.10 per 1,000 women-years in 2005)
(19, 49, 50). Such a decrease is presumably due to the availability
of less invasive alternatives such as endometrial ablation devices,
levonorgestrel intrauterine system, uterine arterial embolization,
etc. (24, 51). While the incidence of hysterectomy has declined
over the years in the developed parts of the world, it has emerged
as an important women’s health issue in developing countries
like India (32). The high incidence rate of hysterectomy is
suggestive of the use of an invasive procedure as a routine
treatment of gynaecological ailments (32).

One particular finding worth highlighting is the similar rates
of incidence of hysterectomy among pre and postmenopausal
women (11.46 and 11.81 per 1,000 women-years, respectively),
implying that both pre- and post-menopausal women might be
at similar risk of hysterectomy.

In the present study, uterine fibroids were reported to be the
top reason for hysterectomy among both pre-menopausal and

Frontiersin Public Health 05

menopausal groups (in 48.78 and 56.00% of cases, respectively).
These findings are in concordance with the findings of some
recent studies that have reported fibroids to be involved in 34
to 65.5% of hysterectomies in some other states of India (52-
56). Studies from other countries have also reported fibroids as
the main cause of hysterectomies (73% in Hong Kong, 60% in
the USA, 23% in South Africa, 48% in Nigeria, and 30.4% in
Pakistan) (57-61). Further, as per the study by Shekhar et al.
(31), 61.3% of hysterectomies in Haryana were performed due
to excessive menstrual bleeding/ pain, which is much higher
than what has been found in the present study. Among several
other states, like Maharashtra, Karnataka, Andhra Pradesh, and
Tamil Nadu, more than 50% of women have been reported to
have undergone hysterectomies because of excessive menstrual
bleeding and pain (31).

Taking into consideration the high incidence rate of
hysterectomy in the study population, it is important
to understand the risk factors of hysterectomy. Baseline
sociodemographic variables, reproductive trajectories, and
cardiometabolic risk factors were investigated as the risk factors
for incident hysterectomy. Of the studied sociodemographic
variables and reproductive trajectories, none of the variables was
found to be significantly associated with incident hysterectomy,
except for late age at menarche. Late age at menarche was found
to be protective for hysterectomy. This finding is in concordance
with other reports (18, 62).

Regarding the mechanism behind this observation, studies
have revealed that those women who attain early menarche
are not just exposed to estrogen from an earlier age, they
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TABLE 2 Incidence and self-reported reason for hysterectomy in the studied population.

Follow-up menopausal status Overall
(N =702)
n (%)
Pre-menopause 225 (32.05)
Natural menopause 411 (58.55)
Hysterectomy 66 (9.40)

Median years (IQR) of follow-up

Incidence rate (CI) per 1,000 women-years

8.11(7.93-8.99)
11.59 (9.04-14.66)

Self-reported reason for Overall Hys

hysterectomy (N = 66)
n (%)

Fibroids 51.52)

Excessive bleeding
Abdominal pain

Leukorrhea and others

21.21)

34

12 (18.18)
14 (

6 (9.09)

10.3389/fpubh.2022.1065081

Baseline menopausal status p-value
Pre-menopause Natural menopause
(N =441) (N =261)
n (%) n (%)
225 (51.02)
175 (39.68) 236 (90.42)
41 (9.30) 25(9.58)
8.11(7.93-8.99) 8.11 (7.93-9.00)
11.46 (8.34-15.4) 11.81 (7.81-17.18) 091
Pre-menopause to Hys ~ Natural menopause to p-value
(N=41) Hys
(N=25)
n (%) n (%)
20 (48.78) 14 (56.00) 0.34
10 (24.39) 2(8.00)
7 (17.07) 7 (28.00)
4(9.76) 2(8.00)

IQR, Interquartile Range; CI, 95% Confidence Interval; Hys, Hysterectomy.

may also be exposed to a higher concentration of estrogen
throughout their life than those who experience late menarche
(62). Excess exposure to estrogen has been associated with
several adverse gynaecological conditions including fibroids (18,
62). By implication, women experiencing late menarche might
be at a lower risk of fibroids and other gynaecological conditions
and, in turn, hysterectomy.

As far as differences in baseline biochemical variables of
the two groups are concerned, the proportion of women
having normal levels of folate or high TG at the baseline was
found to be significantly higher in the incident hysterectomy
group than in the no-hysterectomy group. The relationships
between folate repletion or high TG and hysterectomy have
not been widely investigated; however, can be of great public
health importance.

The administration of folic acid supplementation is
a routine antenatal care practice globally as well as in
India (63, 64). Maternal folic acid supplementation is
important prophylaxis for neural tube defects in fetus
(64). Not undermining the importance of prophylactic
folic acid supplementation, an emerging body of literature
has associated its overdose with multiple health adversities
including exacerbating vitamin B12 deficiency (64), inducing
aberrant methylation patterns in animal studies (65), certain
cancers (66), and fetal abnormalities (in mouse model
studies) (67). The situation in India is particularly critical
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because pregnant women in India are often given a daily
dose of 5mg of folic acid as opposed to recommended
0.4mg (63, 64). Although no study has yet explored serum
folate or folic acid supplementation as risk factors for
hysterectomy, the findings of the present study, where a
significantly higher proportion of folate-replete women
(having either normal or supranormal levels of folate)
was found in the incident hysterectomy group than in
the no-hysterectomy group, give some hint toward the
involvement of folate (and possibly folic acid supplementation
at  supraphysiological doses) in factors necessitating
hysterectomy. Even though further research is required to
substantiate (or rule out) this proposition, looking at the
advocacy in favor of universal folic acid fortification, an
urgent need for scientific attention on this matter cannot
be overemphasized.

Again, the relationship between high TG and the risk
of hysterectomy has not been explored much. Yet, studies
have reported a positive correlation between body fat and
uterine fibroids (68) and also between some components
of dietary fats and uterine fibroids (69, 70). The role of
lipids in etiology of factors necessitating hysterectomy
should further be investigated. Also, the high rate of
hysterectomy in India must be investigated in light of the
high prevalence of dyslipidaemia, particularly high TG in
India (71).
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TABLE 3 Distribution and association of reproductive events, baseline obesity variables, blood pressure status, and biochemical determinants among women with no history of hysterectomy and
incident hysterectomy in the end-line assessment.

Variables No Hys Incident Hys p-value OR (95% CI) p-value OR (95% CI) p-value
(N =637) (N =66) (Unadjusted model) (Adjusted model)®
n (%) n (%)
Age at menarche (in years) >13& <16 317 (49.76) 41 (62.12) 0.09 Reference - Reference -
<13 118 (18.52) 12 (18.18) 0.79 (0.40-1.55) 0.49 0.63 (0.30-1.32) 0.22
>16 202 (31.71) 13 (19.70) 0.50 (0.26-0.95) 0.03* 0.42 (0.21-0.84) 0.01*
Age at first conception (in years) <18 231 (36.55) 26 (39.39) 0.96 1.11 (0.66-1.87) 0.41 1.15 (0.67-1.97) 0.62
19-30 396 (62.66) 40 (60.61) Reference - Reference -
>31 5 (0.79) 0 (0.00) 0.89 (0.05-16.39) 0.94 B B
Age at last conception (in years) <30 433 (69.39) 51(77.27) 0.18 Reference - Reference -
>30 191 (30.61) 15(22.73) 0.67 (0.37-1.22) 0.19 0.62 (0.33-1.16) 0.13
History of foetal death No 453 (71.00) 47 (71.21) 0.97 Reference - Reference -
Yes 185 (29.00) 19 (28.79) 0.99 (0.57-1.73) 0.97 1.1 (0.62-1.97) 0.74
Tubal ligation No 207 (32.45) 19 (28.79) 0.54 Reference - Reference -
Yes 431 (67.55) 47 (71.21) 1.19 (0.68-2.08) 0.55 1.24 (0.69-2.22) 0.48
Baseline BMI Normal 277 (43.49) 34 (51.52) 0.27 Reference - Reference -
Underweight 132 (20.72) 8(12.12) 0.49 (0.22-1.10) 0.08 0.45 (0.19-1.06) 0.07
Overweight 107 (16.8) 9 (13.64) 0.69 (0.32-1.48) 0.33 0.76 (0.35-1.66) 0.49
Obese 121 (21) 15 (22.73) 1.01 (0.53-1.92) 0.98 1.05 (0.54-2.03) 0.88
Baseline WC Normal 315 (49.45) 35(53.03) 0.57 Reference - Reference -
At risk 322 (50.55) 31 (46.97) 0.87 (0.52-1.44) 0.58 0.93 (0.55-1.57) 0.78
Baseline WHR Normal 125 (19.62) 15 (22.73) 0.55 Reference - Reference -
At risk 512 (80.38) 51 (77.27) 0.83 (0.45-1.52) 0.55 0.93 (0.48-1.83) 0.84
Baseline BP Normal 196 (30.77) 17 (25.76) 0.37 Reference - Reference -
Elevated 41 (6.44) 3 (4.55) 0.84 (0.24-3.01) 0.79 0.78 (0.17-3.57) 0.74
Stage 1 213 (33.44) 28 (42.42) 1.52 (0.80-2.85) 0.20 1.54 (0.79-3.01) 0.21
Stage 2 187 (29.36) 18 (27.27) 1.11 (0.56-2.22) 0.77 1.25 (0.61-2.6) 0.54
(Continued)
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TABLE 3 (Continued)

Variables No Hys Incident Hys p-value OR (95% CI) p-value OR (95% CI) p-value
(N =637) (N = 66) (Unadjusted model) (Adjusted model)®
n (%) n (%)
Baseline TC Normal 480 (76.19) 47 (71.21) 0.37 Reference - Reference -
High 150 (23.81) 19 (28.79) 1.29 (0.74-2.27) 0.37 1.21 (0.67-2.21) 0.53
Baseline TG Normal 504 (80.13) 46 (69.7) 0.04* Reference - Reference -
High 125 (19.87) 20 (30.3) 1.75 (1.00-3.07) 0.05* 1.86 (1.04-3.32) 0.04*
Baseline HDL Normal 421 (67.36) 48 (72.73) 0.37 Reference - Reference -
Low 204 (32.64) 18 (27.27) 0.77 (0.44-1.36) 0.38 0.88 (0.49-1.58) 0.66
Baseline LDL Normal 507 (82.57) 52 (78.79) 0.44 Reference - Reference -
High 107 (17.43) 14 (21.21) 1.28 (0.68-2.39) 0.45 1.18 (0.61-2.28) 0.62
Baseline VLDL Normal 504 (80.13) 47 (71.21) 0.09 Reference - Reference -
High 125 (19.87) 19 (28.79) 1.63 (0.92-2.88) 0.09 1.72 (0.96-3.09) 0.07
Baseline Hey Normal 234 (38.05) 22 (33.33) 0.45 Reference - Reference -
High 381 (61.95) 44 (66.67) 1.23 (0.72-2.10) 0.45 1.27 (0.71-2.27) 0.42
Baseline Folate Normal 430 (69.92) 55(83.33) 0.02* Reference - Reference -
Low 185 (30.08) 11 (16.67) 0.46 (0.24-0.91) 0.03* 0.51 (0.26-1.01) 0.05*
Baseline Vitamin B12 Normal 294 (47.8) 27 (40.91) 0.29 Reference - Reference -
Low 321 (52.2) 39 (59.09) 1.32 (0.79-2.22) 0.29 1.38 (0.8-2.39) 0.25

*Significant at p-value < 0.05; Hys, Hysterectomy; OR, Odds Ratio; CI, 95% Confidence Interval; BMI, Body Mass Index; WC, Waist Circumference; BP, Blood Pressure; WHR, Waist Hip Ratio; TC, Total Cholesterol; TG, Triglyceride; HDL, High

Density Lipoprotein; LDL, Low Density Lipoprotein; VLDL, Very Low Density Lipoprotein; Hey, Homocysteine; Sregression model has been adjusted for age, education, occupation, village type, alcohol consumption and smoking.
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An interesting trend revealed by protective and risk
factors associated with hysterectomy deserves further
elaboration. While late age at menarche (which was
found to reduce the risk of hysterectomy) is an indicator
of undernutrition (72), high TG and folate repletion
(associated with increased risk) indicate overnutrition
(71, 73).
undernutrition being protective and overnutrition being a

Together these observations point toward

risk for gynecological ailments necessitating hysterectomy.
From a public health perspective, this observation suggests
that interventions against overnutrition can help in
reducing the burden of gynecological ailments. From an
evolutionary point of view, this observation points toward
the potential role of undernutrition, which was widely
prevalent during the early phases of human evolution
(74), in averting several gynecological ailments and hence
increasing fertility.

Overall, looking at the high rates of incidence of
hysterectomy in India, it is important to recognize
unnecessary hysterectomies as a public health problem,
identify the reasons and associated modifiable risk factors, and
hence design appropriate interventions to avert the factors
necessitating hysterectomy.

One of the main strengths of the present study is the
follow-up study design which enables the estimation of the
incidence rate of a health condition/outcome (hysterectomy)
and also helps in identifying its determinant along with
possible causality. The present study has some limitations
that should be mentioned. Firstly, the loss to follow-up of
the study participants at the end-line assessment was 25.8%,
which is relatively high. One of the main reasons for the
high loss to follow-up was the refusal to participate in the
end-line assessment due to the COVID-19 pandemic. The
COVID-19 pandemic had instilled a fear of interaction
with people from outside the villages among some villagers.
Nevertheless, the loss to follow-up was within the calculated
margin and at random. Another limitation of the present
study is the exclusion of biochemical analyses in the
follow-up assessment. Considering the risk of COVID-19
infection during the blood sample collection (required for
biochemical analyses), the initial plan of blood sample
collection at follow-up was not executed for the safety of
the participants and researcher. The biochemical (lipid,
vitamins, and homocysteine) levels of the participants at the
end line would have been a valuable addition to the study.
Further, the inclusion of detailed information on parity,
gravidity, oral contraceptive use, hormone replacement therapy,
family history of health conditions, dietary pattern, and
physical activity would have made the study more holistic

in nature.
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5. Conclusion

The rate of incidence of hysterectomy was found to
be 11.59 per 1,000 women-years, which is lower than the
only Indian study on incident hysterectomy, but much
higher than incidence rates in developed countries. Such
a high incidence rate of hysterectomy highlights the huge
burden of gynecological morbidity in the study population
and the unavailability of non-invasive protocols in rural
areas. It further suggests that hysterectomy is seen as a
medically rational and socially acceptable intervention for
even those gynecological ailments for which non-invasive
treatment protocols are otherwise available. The lack of
proper guidelines on hysterectomy leaves the scope of
misuse. Looking at the rising incidence rate of hysterectomy,
health policies of India should address the (misuse of)
hysterectomy as an urgent matter of concern. Further, high
TG and folate repletion (most likely overdose) appear to
increase the risk of hysterectomy. Maintaining these two
parameters within normal physiological ranges may prove to
be beneficial in alleviating the burden of gynecological ailments
necessitating hysterectomy.
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