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Abstract 

Introduction  An efficient medical claims billing system is critical to mitigating the challenges associated with claim 
denials and ensuring the sustainability of providing healthcare services. This study assessed the impact of Digital 
Health Technology (DHT) in reducing the claim rejection rate of health insurance claims submitted by health facilities 
to the National Health Insurance Authority in Ghana.

Methods  The study used longitudinal data on monthly claims adjustments due to errors from both paper-based 
and claims submitted using different DHT systems from 2010 to 2019. The claim rejection rate was estimated for each 
month. Prais-Winsten Segmented Interrupted Time-Series analysis was used to estimate the impact of DHT systems 
by comparing claims data before and after the system implementation for each facility. We employed meta-analysis 
techniques to generate a pooled impact estimate of DHT systems on the claim rejection rate of health insurance 
claims.

Results  The total cost of deductions due to errors from the DHT system was significantly lower than the paper-based 
system (DHT = 8.15%, paper-based system = 10.13%). DHT contributed to an immediate impact of 1.31 percentage 
point reduction in the claim rejection rate of health insurance claims compared to the paper-based system.

Conclusion  The DHT recorded lower denied claims costs than the paper-based claims system. Scaling up the use of 
DHT for claims submission will reduce the rate of claim denials and ensure the sustainability of providing healthcare 
services.

Keywords  Segmented Interrupted Time Series, Meta-Analysis, National Health Insurance Scheme, Digital Health 
Technology, Paper-based system, Electronic Claims

Introduction
The implementation of health insurance schemes is at 
different stages across the globe, especially in develop-
ing countries with the primary goal of giving citizens 
high access to healthcare[1]. World Health Organisation 
(WHO) describes medical billing errors and healthcare 
fraud as ‘the last great unreduced healthcare cost’. In 
2014, WHO estimated that cost of fraud and incorrect 
payments in the world’s healthcare systems is about 7% 
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of total global health expenditure, or US$487 billion [2]. 
Health insurance companies reject 14% of healthcare 
providers’ claims, amounting to US$262 billion annually. 
In addition, the denial of claims puts a cost burden such 
as cost recovery (i.e. identifying reasons for the denial 
and errors, correcting the errors, and resubmitting them 
for reimbursement) on healthcare providers [3]. In 2017 
alone, the recovery cost is estimated as high as $120 per 
health insurance claim in the United States and is consid-
ered to be a waste within the US healthcare system [3].

Health insurance claim denials, also known as ‘claim 
denial hereafter’ are one of the pivotal contributors to 
the ever-increasing billing and insurance-related costs 
(BIR) [4]. Nsiah-Boateng et al.[1] estimated that adjusted 
paper-based claims due to errors in claims cost GHS2.81 
million representing 4.9% of total reviewed claims of 
GHS57.50 million (USD15.09 million) to the healthcare 
provider. The ability to prevent claim denial before the 
health insurance claim is submitted to the insurers will 
increase profits, enhance the revenue cycle positively, and 
supports the general wellbeing of patients. Claim denial 
has the potential to prevent any healthcare provider from 
being on track. This widespread canker is not just time-
consuming rework but also a delayed or lost revenue and 
put pressure on scarce resources [5]. The bureaucratic 
nature of claims reimbursement processes to providers 
results in an uncompensated claim due to claim errors 
and other administrative reasons [6].

The introduction of the eHealth strategy policy by the 
Ghanaian government in July 2010 has encouraged the 
use and adoption of DHT. The goal of the policy docu-
ment was to improve healthcare delivery by streamlin-
ing and integrating ICT into the health sector. To achieve 
the goal of paperless records and reporting system, this 
procedure aims to improve healthcare operations, man-
agement, and decision-making based on evidence [7]. 
The government’s ongoing efforts in the ICT sector have 
encouraged healthcare providers to use DHT. Health 
Administration Management System (HAMS), Labora-
tory Management Information Systems (LMIS), iHost 
(GHS), eClaims – NHIA, eRegister, Health Informa-
tion Management System (HIMS), Ghana Health Ser-
vice (GHS) iHost, Hospital Administration Management 
System, National Health Insurance Authority (NHIA) 
– eClaims, and eRegister are notable DHT utilized in 
Ghana [8, 9].

In order to provide people in Ghana with access to 
healthcare, the National Health Insurance Scheme was 
fully implemented in 2005 [10, 11]. The rollout of a num-
ber of programs, including the introduction of electronic 
claims processing, followed the implementation. The 
country’s implementation of DHT increased as a result. 
DHTs have been implemented by health facilities under 

the National Catholic Health Service since 2013 to assist 
in automating the hospital’s clinical and financial pro-
cesses, and many are in various stages of implementation.

Several studies have underlined the benefits derived 
from Digital Health Technology in the area of improved 
quality of care, decreased mortality among patients, and 
a reduction in the cost of care [12–14]. However, the 
effect of DHT on care not being compensated by insur-
ers due to errors  in claim submission remains a gap in 
the medical literature. To examine the important role of 
DHT such as an electronic claim system in solving the 
challenge of uncompensated claims, we focus on denied 
claims as one of the major elements of uncompensated 
claims in the Ghanaian healthcare system. In this study, 
we refer to DHT as claims submitted from health facili-
ties using different electronic claims systems. This study 
quantifies [1] the immediate impact of DHT implementa-
tion on the Health Insurance Claims Rejection Rate and 
[2] the sustained impact of DHT implementation on the 
Health Insurance Claims Rejection Rate using data from 
the National Catholic Health Service (NCHS) in Ghana.

Methods
This study followed the standard guidelines for report-
ing quasi-experimental studies using the Transparent 
Reporting of Evaluations with a Nonrandomized Design/
Quasi-Experimental Study Design (TREND).

We confirm that all methods were carried out in 
accordance with relevant guidelines and regulations and 
in accordance with the declaration of Helsinki.

Study setting
The National Catholic Health Service (NCHS) is a private 
not-for-profit healthcare provider, owned by the Catholic 
Church in Ghana [15]. The institutional health facilities 
(i.e. hospitals and clinics) of the NCHS began in 1950 at 
a time when there was an urgent need to provide such 
facilities for rural dwellers who had virtually no access to 
modern orthodox health care [15]. Expatriate mission-
ary professional staff supported by local auxiliary work-
ers introduced and manned these institutions at the time 
[15]. Thus, all the hospitals of the NCHS started as lit-
tle clinics and primary health care facilities. The NCHS 
has a total of 144 health facilities across the length and 
breadth of Ghana [16]. Out of the 144 health facilities, 47 
are hospitals, 82 are clinics, 10 are health training insti-
tutions and 5 are specialized institutions [16]. All the 
health facilities are accredited National Health Insurance 
Scheme facilities providing the Ghanaian people health-
care. These health facilities account for an annual outpa-
tient attendance of 3.2 million, 349,000 admissions, and 
76,000 deliveries [16].



Page 3 of 13Adzakpah and Dwomoh ﻿BMC Digital Health             (2023) 1:5 	

Study design
This is a quasi-experimental study that retrospectively 
assessed health insurance data before and after the 
introduction of the DHT claims system by the National 
Catholic Health Service (NCHS). NCHS is a pri-
vate not-for-profit healthcare provider, owned by the 
Catholic Church in Ghana. This study focused on 25 
NHIS-accredited health facilities that have provided 
healthcare services to NHIS clients since 2010 and 
have transitioned from paper-based claims process-
ing to the use of DHT to process claims along the line 
to bring efficiency in claims transactions and clinical 

outcomes through the use of various electronic medi-
cal records (Fig. 1).

Overview of health facility claims processing 
and submission systems
Processing of clients’ health insurance claims for both 
paper and electronic-based systems is the same in 
terms of workflow for all the 25 health facilities sam-
pled. When a client enters the facility at the first point 
of call (Health Information Unit at the OPD), his or her 
NHIS card is verified. Once the card is invalid, he/she 
is processed for out-of-pocket payment. A valid NHIS 

Fig. 1  Selected health facilities across the 16 administrative regions of Ghana. Source: Authors’ analysis
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card bearer is assigned to the NHIS and provision of 
service based on the NHIS benefit package is rendered. 
Billing of treatment is done manually or electronically 
and submitted to the NHIS for reimbursement. Details 
of the NHIS Claims processing in healthcare facilities 
can be found in Fig. 2.

Primary outcome
The primary outcome of interest is the health insur-
ance claims rejection rate. This is defined as the ratio of 
the amount deducted due to errors in claims to the total 
amount of claims cost submitted, multiplied by 100%.

Intervention
For this study, DHT refers to any health insurance claims 
captured on a storage drive (i.e. CD, pen-drive, etc.), 
real-time online or web-based, or through any hospital-
based health information management systems. The aim 
of moving from paper-based claims to electronic-based 
claims was to reduce human engagement in the claims 
process and reduce errors that come with claims pro-
cessing at the healthcare provider level and its review 
at the National Health Insurance Scheme (NHIS) level. 
The NHIS has established Claims Processing Centre 
(CPC) to process electronic claims from health provid-
ers throughout the country. All the 25 selected health 
facilities submit electronic claims through; [1] an XML 
file that converts health insurance claims from the hos-
pital’s electronic medical records systems and [2] a web-
based electronic system that submits claims data. This 
claims information is submitted to NHIS’ CPC located 
in Accra, Kumasi, Cape Coast and Tamale of Ghana, 

where the authorities vet the submitted electronic claims 
[17]. The paper-based claims, on the other hand, are 
done through completing manual claims forms by the 
healthcare providers for each valid subscriber, compiling 
all the completed forms for a respective period, and sub-
mit to the NHIS at the district level for reimbursement.

Data collection
We developed an excel data collection template to obtain 
monthly data from January 2010 to December 2019. Data 
on the following indicators were obtained: the month of 
health insurance claims, the date upon which claims were 
submitted, the total amount of claims cost, amount of 
claims cost reimbursed, reasons for deductions, and clinical 
data (i.e. OPD attendance, OPD attendance insured, admis-
sions, admission insured, maternal health data, laboratory 
data, etc.). Dates for the introduction of electronic systems 
to enhance health insurance claims and clinical processes 
were also obtained. Name and types of software were also 
collected. Below is the summary of different periods when 
DHT was implemented at the facilities (Table 1).

Statistical analysis
Descriptive statistics (such as frequencies, means, and 
standard deviations) were used to describe the data. The 
Shapiro–Wilk and Bartlett test statistics were used to 
assess the normality and the equal variance assumptions 
of all continuous variables respectively. Two independent 
samples t-test was also performed to test for differences 
in the rate of error margins of the claims between the 
pre-electronic claims and post-electronic claims.

Fig. 2  Flowchart on NHIS Claims processing in healthcare facilities. Source: Authors’ Analysis



Page 5 of 13Adzakpah and Dwomoh ﻿BMC Digital Health             (2023) 1:5 	

Segmented Interrupted time‑series (ITS) analysis
In time series, changes in the dependent variable of 
the intervention are divided into 2 general categories: 
changes in level and changes in slope. A change in the 
level indicates a quick or short-term change (in the first 

month after the intervention) and the change in slope 
(monthly trend) represents a long-term change in the 
dependent variable [18, 19]. The Fig.  3 shows the con-
ceptual framework concerning the effect of DHT on the 
health insurance claim rejection rate.

The regression model (Eq.  1) used to estimate the 
effect of DHT on health insurance claim rejection rate is 
as follows (Eq. 1):

where;

•	 Yt is claim rejection rate in month t;
•	 Time represents time in months at time t from the 

start of the observation period;
•	 Intervention is a dummy (indicator) variable repre-

senting the intervention (pre-DHT period is 0, other-
wise is 1), which was implemented at various months 
in the series;

•	 Time after intervention is counting the number of 
months after the implementation of DHT at time t;

•	 β0 represents the intercept or starting level of the 
claim rejection rate;

•	 β1 is the slope of claim rejection rate until the imple-
mentation of DHT.

•	 β2 represents the changes in the level (in the first 
month after the intervention) of claim rejection 
rate in the period immediately following the imple-
mentation of DHT (compared to the counterfac-
tual) [i.e. immediate impact of DHT implementa-
tion on error margins of health insurance claims];

•	 β3 represents the difference between pre and post-
DHT slopes of claim rejection rate [i.e. sustained 
impact of DHT implementation on error margins 
of health insurance claims]; and

(1)

Yt = �
0
+ �

1
Time + �

2
Interventiont

+ �
3
Time × intervention + �t

Table 1  DHT implementation period for each health facility

Hospital Code Region Date of DHT 
implementation

HP01 Eastern April 2014

HP02 Eastern January 2014

HP03 Central January 2019

HP04 Central January 2012

HP05 Volta October, 2013

HP06 Ashanti March 2018

HP07 Volta March 2018

HP08 Western January 2014

HP09 Eastern April 2012

HP10 Eastern January 2014

HP11 Bono East January 2014

HP12 Bono East June 2013

HP13 Volta January 2014

HP14 Bono January 2014

HP15 Western June 2019

HP16 Western May 2019

HP17 Volta January 2019

HP18 Upper West January 2018

HP19 Oti January 2014

HP20 Savannah January 2014

HP21 Ahafo June 2019

HP22 Ashanti January 2014

HP23 Bono January 2012

HP24 Oti January 2013

HP25 Bono East January 2015

Fig. 3  Conceptual framework: The impact of DHT on health insurance claim rejection rate. Source: (Adapted from [19])
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•	 ε represents error at time t

Segmented Interrupted time-series (ITS) analysis was 
used. A time series is a continuous sequence of obser-
vations on a population, taken repeatedly (normally at 
equal intervals) over time [18]. In an ITS study, a time 
series of a particular outcome of interest is used to 
establish an underlying trend, which is ‘interrupted’ by 
an intervention at a known point in time [18]. A 120-
month data (January 2010 to December 2019) for pre 
and post-DHT submitted by health facilities were ana-
lyzed. This type of analysis is commonly used to ana-
lyze the effects of interventions in a situation where a 
control group is difficult or impossible to find [20, 21]. 
In this model, the variation within the data was parti-
tioned into three components to provide independent 
tests for the;

1)	 Slope prior to the introduction of DHT (using 
paper-based),

2)	 Change in level (in the first month after the interven-
tion) in the period immediately following the Intro-
duction of DHT (compared with counterfactual) [i.e. 
immediate impact of DHT implementation on error 
margins of health insurance claims]

3)	 Difference between pre-DHT and post-DHT slopes 
[i.e. sustained impact of DHT implementation on 
error margins of health insurance claims]

In the model estimation, each outcome variable’s 
growth over time will be linear before and after the 
DHT implementation. Three predictors were included 
in the linear regression model: MONTH, Pre-DHT, and 
Post-DHT. MONTH was coded as sequential numbers 
so that 1 represents January 2010 and 120 represents 
December 2019. DHT was set at a dummy variable as 
0 before the DHT go-live date (for each health facil-
ity) and 1 thereafter. Post-DHT was created to meas-
ure months of DHT using experiences after the go-live 
date. The score of Post-DHT will be 0 for all months 
before the Post-DHT period and incremented by 1 in 
each month afterward. MONTH was used to estimate 
the outcome variable’s slope in scores in the Pre-DHT 
period (test 1). DHT was used to estimate the change in 
levels for the Post-DHT period (test 2). Post-DHT was 
used to estimate the difference in slope from the Pre-
DHT to the Post-DHT period.

Autocorrelation
The second assumption of standard regression models 
is that observations are independent. This assumption 
is often violated in time series data because consecu-
tive observations tend to be more similar to one another 

than those that are further apart, a phenomenon known 
as autocorrelation. Fortunately, in many epidemiological 
data, autocorrelation is largely explained by other vari-
ables, in particular, seasonality; therefore, after control-
ling for these factors, residual autocorrelation is rarely 
a problem. Nevertheless, autocorrelation should always 
be assessed by examining the plot of residuals and the 
partial autocorrelation function and, where data are nor-
mally distributed, conducting tests such as the Breusch-
Godfrey test [22, 23]. Where residual autocorrelation 
remains, this should be adjusted for using methods such 
as Prais regression or autoregressive integrated moving 
average (ARIMA), described in more detail elsewhere 
[24, 25]. For time series data, the Durbin–Watson sta-
tistic is the most common measure used to evaluate the 
presence of autocorrelation in the data [26].

In this study, Prais-Winsten (PW), a generalized least 
squares method, which provides an extension of OLS 
where the assumption of independence across observa-
tions is relaxed was used to adjust for autocorrelation 
assuming first-order autocorrelation (lag-1) [25, 27]. This 
method was chosen because it has been shown (through 
numerical simulations) to have improved confidence 
interval coverage relative to the methods commonly used 
in practice [28].

Determining effect size using random effect meta‑analysis
To reveal the effectiveness of DHT on claim rejection 
rate, meta-analysis was employed to calculated Cohen’s 
effect size. Based on Borenstein, Hedges [29] recom-
mendation, the effect size for each health facility was first 
determined. As the Q-statistic is used for multiple signif-
icance testing across several means, it was used to deter-
mine heterogeneity among the sampled study properties. 
Borenstein, Hedges [29] indicated that the Q-statistic 
and p-value could be used for testing the null hypothesis 
but should not be used to estimate the true variance. For 
example, the significantly low p-value (p < 0.001) does 
not indicate greater heterogeneity than the p-value of 
(p < 0.049); however, the statistically significant p-value 
(p < 0.05) indicates that heterogeneity exists [30]. In addi-
tion to the Q-statistic and p-value, the I-square statistic 
can also be used to show that the variation is not due to 
chance, but rather indicates the heterogeneity of the sam-
ple; such heterogeneity exists only with high I-square val-
ues; a low I-square statistic is represented by a value of 
25%, 50% represents a medium I-square statistic, whereas 
a high I-square statistic is represented by 75% [31, 32]. 
Finally, 95% confidence intervals (CI) were calculated, 
based on procedures suggested by Lipsey and Wilson 
[30], to test the statistical trustworthiness of the individ-
ual and averaged effect sizes. All statistical analyses were 
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conducted with Stata MP version 15 (StataCorp, College 
Station, Texas, USA), and a p-value < 0.05 was considered 
statistically significant.

Ethical consideration
The study secured ethical approval with reference num-
ber NCS/DOH/B2/2021/01 from the National Catholic 
Health Service (NCHS) to use the medical claims data 
from their hospitals for this study. All personal informa-
tion of patients such as name, house address, and NHIS 
member number were excluded from the medical claims 
data to ensure anonymity before conducting the analysis.

Results
Summary of health insurance data from health facilities
Table  2 shows before-and-after DHT Health Insurance 
Data from Health Facilities in the 11 Selected Regions 
in Ghana. The total cost of claims submitted using 
the DHT was GH¢383.4 million (61.6%) compared to 
GH¢239.7million (38.4%) from the paper-based sys-
tem. The total cost of deductions due to errors from 
the DHT was GH¢22.9million (49.1%) compared to 
GH¢23.8million (50.9%) from the paper-based system 
out of a total of GH¢46.58 million. Error margins of 
claims from the paper-based systems was 9.9% compared 
to 6.0% from the DHT.

Table  3 shows the summary of health insurance 
data obtained from the health facilities. Twenty-Five 
health facilities submitted a total cost of GH¢622.8 

million (US$47.87 million) to National Health Insur-
ance Scheme for reimbursement from January 2010 
to December 2019. The total amount deducted due to 
errors represents GH¢46.6 million (US$3.58 million) 
for the period under consideration representing 7.48%. 

Table 2  Before-and-After DHT Health Insurance Data from Health Facilities in the 11 Selected Regions in Ghana from Jan 2010 to Dec 
2019

Number of claims submissions made for before-DHT implementation were 1,586 whilst 1,414 were made for after-DHT implementation

SD Standard deviation

Regions Number 
of Health 
Facilities

Number 
of claims 
submissions

Before DHT Implementation After DHT Implementation

Amount 
Submitted 
[GHȻ]

Amount 
Deducted 
[GHȻ]

Claims 
Rejection 
Rate (%)

Amount 
Submitted 
[GHȻ]

Amount 
Deducted 
[GHȻ]

Claims 
Rejection 
Rate (%)

Ashanti 2 240 9,680,000.00 209,496.20 2.16 38,000,000.00 183,668.40 0.48

Bono East 3 360 37,800,000.00 1,979,473.00 5.24 70,300,000.00 4,240,309.00 6.03

Central 2 240 16,900,000.00 2,095,532.00 12.40 35,100,000.00 2,215,890.00 6.31

Eastern 4 480 30,100,000.00 1,606,317.00 5.34 91,000,000.00 4,988,283.00 5.48

Volta 4 480 38,200,000.00 8,189,402.00 21.44 40,100,000.00 6,849,335.00 17.08

Western 3 360 32,800,000.00 6,536,967.00 19.93 20,100,000.00 1,177,475.00 5.86

Bono 2 240 14,900,000.00 894,447.70 6.00 50,400,000.00 485,842.20 0.96

Savannah 1 120 6,000,000.00 671,503.60 11.19 12,000,000.00 1,542,633.00 12.86

Oti 2 240 9,480,000.00 666,547.40 7.03 19,300,000.00 954,870.30 4.95

Ahafo 1 120 26,000,000.00 392,336.70 1.51 1,840,000.00 80,956.31 4.40

Upper West 1 120 17,800,000.00 515,173.10 2.89 5,260,000.00 139,634.40 2.65

Total 25 3000 239,660,000.00 23,757,195.70 9.91 383,390,000.00 22,858,896.61 5.96

Mean
(SD)

156,364.30 
(109,514.00)

15,140.10 
(30,099.81)

9.95 (12.24) 265,265.30 
(128,211.40)

15,985.78 
(26,672.36)

6.13 (8.28)

Table 3  Summary of Health Insurance Data from Health 
Facilities in the 11 Selected Regions in Ghana from Jan 2010 to 
Dec 2019

Exchange rate used as at 2nd November 2022 was US$1 = GH¢13.01 from Bank 
of Ghana Historical Interbank FX Rates. (Online) Available at: https://​www.​bog.​
gov.​gh/​treas​ury-​and-​the-​marke​ts/​histo​rical-​inter​bank-​fx-​rates/ Accessed 03–11-
2022

Regions Total Amount 
Submitted [GHȻ]

Total Amount 
Deducted [GHȻ]

Claims 
Rejection 
Rate
(%)

Ashanti 47,700,000.00 393,164.60 0.82

Bono East 108,000,000.00 6,219,782.00 5.76

Central 51,900,000.00 4,311,421.00 8.31

Eastern 121,000,000.00 6,594,600.00 5.45

Volta 78,300,000.00 15,000,000.00 19.16

Western 52,900,000.00 7,714,442.00 14.58

Bono 65,300,000.00 1,380,290.00 2.11

Savannah 18,000,000.00 2,214,136.00 12.30

Oti 28,800,000.00 1,621,418.00 5.63

Ahafo 27,900,000.00 473,293.00 1.70

Upper West 23,000,000.00 654,807.50 2.85

Total 622,800,000.00 46,577,354.10 7.48

https://www.bog.gov.gh/treasury-and-the-markets/historical-interbank-fx-rates/
https://www.bog.gov.gh/treasury-and-the-markets/historical-interbank-fx-rates/
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The largest cost of claims submissions came from the 
Eastern region costing GH¢121.00 million (19.43%). 
A high claim rejection rate was observed in the Volta 
region (19.16%) whilst the lowest was recorded in the 
Ashanti region (0.84%).

Differences in the mean claim rejection rate 
between Pre‑DHT and post‑DHT implementation
The results from the two independent sample t-tests 
showed that the average claim rejection rate in the pre-
DHT (paper-based systems) was significantly higher 
than the post-DHT system (p < 0.0001). The regional 
analyses also showed that average claim rejection rates 
were statistically significantly higher for the paper-
based system compared to when facilities started using 
DHT for claim submission in Ashanti, Bono East, Cen-
tral, Volta, Western, Bono, and Oti regions respec-
tively (Table 4). Only the Ahafo region showed that the 
average claim rejection rate was higher for electronic 
systems compared to paper-based system. However, 
there were no statistically significant differences in 
the average claim rejection rate between paper-based 
and electronic systems for the Eastern, Savannah, and 
Upper West regions.

Assessing the immediate impact of DHT implementation 
on the claim rejection rate of health insurance claims
The pooled effect estimate of the impact of DHT on the 
claim rejection rate in all 25 health facilities has been pre-
sented in Fig. 4. In the first month after the introduction 

of DHT, the facilities saw a reduction of about 1.31% in 
the claim rejection rate of health insurance claims. The 
analysis involving the 25 health facilities observed that 
there was high (I2 ≥ 75%) within study sites variability 
and between study sites heterogeneity (Fig. 4).

Assessing the sustained impact of DHT implementation 
on error margins of health insurance claims
Except for a few health facilities that realized the sus-
tained reduction in the claim rejection rate of health 
insurance claims due to the implementation of DHT, 
most of the health facilities have not experienced a 
reduction in the claim rejection rate of claims submit-
ted to the insurance authority even after the introduction 
of the DHT and in even in some cases, the mean claim 
rejection rate has increased (Fig. 5). The overall sustained 
effect of DHT was minimal (Fig. 4). The analysis involv-
ing the 25 health facilities observed that there was mod-
erate (I2 ≥ 50%) within study sites variability and between 
study sites heterogeneity (Fig. 5).

Factors that account for variance in claims submitted 
and actual claim payment received from the insurance 
authority
Several factors may account for the variance in claims 
submitted and actual claim payment received from 
the insurance authority. The analysis revealed that 
among the top 10 reasons were treatment to diagnosis 
mismatch, Multiple antenatal care visits, duplication 
of claims, inappropriate prescription, oversupply of 
medication, wrong application of tariffs, no diagnosis, 

Table 4  Differences in the mean claims rejection rate between before-DHT and after-DHT implementation

P-value notation: *p < 0.05, **p < 0.01, ***p < 0.001

Regions Mean Claims Rejection Rate (%) P-value

Before DHT
(paper-based system)

After DHT
(electronic-based system)

Mean (se) [95% CI] Mean (se) [95% CI]

Ashanti 10.25 (1.24) [7.79—12.70] 2.92 (0.54) [1.84—4.00]  < 0.0001**

Bono East 6.07 (0.99) [4.11—8.04] 3.87 (0.51) [2.87—4.47] 0.0295*

Central 12.34 (0.66) [11.02—13.65] 7.57 (0.50) [6.59—8.56]  < 0.0001**

Eastern 6.15 (0.83) [4.50—7.79] 5.54 (0.31) [4.93—6.16] 0.4109

Volta 16.35 (0.90) [14.57—18.12] 13.58 (0.92) [11.76—15.40] 0.0370*

Western 14.46 (0.78) [12.92—16.00] 5.87 (0.72) [4.43—7.31]  < 0.0001**

Bono 6.47 (0.43) [5.61—7.33] 0.92 (0.08) [0.75—1.08]  < 0.0001**

Savannah 11.84 (2.21) [7.39—16.30] 12.34 (1.01) [10.32—14.36] 0.8198

Oti 7.44 (0.49) [6.47—8.42] 5.09 (0.40) [4.30—5.87] 0.0003*

Ahafo 1.63 (0.28) [1.07—2.18] 4.43 (0.74) [2.62—6.24] 0.0155*

Upper West 2.81 (0.38) [2.06—3.56] 2.57 (0.58) [1.37—3.76] 0.7663

Overall 10.13 (0.32) [9.50—10.75] 8.15 (0.20) [7.77—8.54]  < 0.0001**
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inactive member, unclear diagnosis, and age treatment 
mismatch (Table  5). It is important to note that these 
factors accounting for the deductions in claims due to 
errors are similar in terms of occurrence for the paper-
based and DHT systems. However, the pre-DHT sys-
tem’s cost of these causes is significantly higher than the 
post-DHT system’s (Table 5).

Discussions
This study quantified the impact of the DHT system on 
the claim rejection rate of Health Insurance claims in 
Ghana. The analysis shows that DHT claims processing 
saves costs in terms of denied claims compared to man-
ual claims processing. The overall average claim rejection 
rate is lower for DHT systems compared to paper-based 
systems. Our study is in agreement with studies con-
ducted by Nsia-Boateng et, al [1] who compared health 
insurance claim reviews for paper-based and electronic 
systems by the NHIS. This could be attributed to the 
laborious nature of processing paper-based claims which 

requires more labor force to accomplish. On the hand, 
the DHT system proves to be efficient due to its ability to 
flag some errors that cannot be identified by the paper-
based system. Mostly the DHT target the human entry 
errors associated with claim submission. For instance, 
some systems are designed in such a way that you cannot 
enter figures that exceeds the predetermined amount for 
a particular drug. Paper-based system will allow you to 
go ahead but skip pattern implemented in DHT will only 
allow you to complete the form before submission if you 
put in the right figure.

In general, the use of DHT to process claims benefits 
healthcare providers by minimizing the claim rejection 
rate in health insurance claims compared to paper-based 
ones. The trend analysis revealed that in the first month 
after the introduction of DHT, a reduction of 1.31% was 
observed in the claim rejection rate of health insurance 
claims but was not statistically significant. This shows 
that if care providers monitor and invest in information 
systems to enhance electronic claims processing the gains 

Fig. 4  Forest plot for change in level in the period immediately following the introduction of the DHT claims system compared with counterfactual 
(i.e. the immediate impact of DHT implementation on Health Insurance Claims Rejection Rate). The model is based on moment-based 
approximations to the expectation of the standard Cochran heterogeneity statistic Q [33] which is a ratio of observed variation to the within-study 
error. The weight (%) represents relative weights based on the number of subjects from each health facility and should sum to 100. Abbreviations: 
MEM: Mean Error Margin (or Average claim rejection rate); DL: DerSimonian and Laird
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can be overwhelming. This reduction can be attributed to 
the dedication attached to every go-live information sys-
tem implementation because implementers would want 
to see the change yield the needed dividend. Further 
analysis revealed that the difference between pre-DHT 
and post-DHT trends observed an increase of 0.09% in 
the claim rejection rate of health insurance claims. This 
was statistically insignificant. In addition, the post-DHT 
trend saw a statistically insignificant increase of 0.01% 
in the claim rejection rate. However, the evidence from 
some healthcare providers (HP03, HP04, HP05, HP07, 
HP08, HP09, HP15, HP21 and HP22) show that lessons 
from previous deductions have been taken into consid-
eration for subsequent claims preparations and submis-
sions. Though, the DHT alone cannot be the only factor 
to reducing errors, certain steps such as thorough valida-
tion of claims by claim officers or internal claim valida-
tion teams are required at the provider level to ensure 
that these claim errors are reduced to the lowest level. 
The HPs that have not seen any significant reduction after 
DHT implementations could adopt best practices from 
their counterparts making progress in this direction.

Fig. 5  Forest plot for Difference between pre-DHT claims system and post-DHS claims slopes (i.e. the sustained impact of DHT implementation 
on Health Insurance Claims Rejection Rate). The model is based on moment-based approximations to the expectation of the standard Cochran 
heterogeneity statistic Q [33] which is a ratio of observed variation to the within-study error. The weight (%) represents relative weights based on 
the number of subjects from each health facility and should sum to 100. Abbreviations: MEM: Mean Error Margin (or Average claim rejection rate); 
DL: DerSimonian and Laird

Table 5  Reasons accounting for deductions in claims due to 
errors in health insurance claims

Source: Authors’ analysis

Reasons Total Reasons for claim 
deductions

Yes
n (%)

No
n (%)

Treatment to diagnosis mismatch 2,713 2377 (87.62) 336 (12.38)

Multiple ANC visits 2,713 2361 (87.03) 352 (12.97)

Duplication of Claims 2,712 2360 (87.02) 352 (12.98)

Inappropriate prescription 2,713 2358 (86.91) 355 (13.09)

Oversupply of medication 2,713 2351 (86.66) 362 (13.34)

Wrong application of Tariffs 2,713 2338 (86.18) 375 (13.82)

No diagnosis 2,713 2338 (86.18) 375 (13.82)

Inactive member 2,712 2331 (85.95) 381 (14.05)

Unclear diagnosis 2,713 2330 (85.88) 383 (14.12)

Age treatment mismatch 2,712 2329 (85.88) 383 (14.12)

Duplication of Medication 2,711 2304 (84.99) 407 (15.01)

No diagnoses request evidence 2,713 2294 (84.56) 419 (15.44)

Wrong GDRG 2,986 1195 (40.02) 1791 (59.98)

Wrong medicine code 2,986 1194 (39.99) 1792 (60.01)
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The study also revealed that denied claims can be 
attributed to treatment to diagnosis mismatch, multiple 
antenatal visits, duplication of claims, inappropriate pre-
scription, oversupply of medication, wrong application of 
tariffs, no diagnosis, inactive member, unclear diagnosis, 
and age treatment mismatch. These factors are peculiar 
to both paper-based and DHT systems in terms of occur-
rence. However, the cost of these causes are significantly 
higher for the pre-DHT system compared to post-DHT 
system. These causes of denied claims can be avoided 
if providers undertake vetting of their claims before 
submitting them to the insurers (NHIS). Training and 
supervision are required to enable the electronic claims 
processing system to function efficiently and effectively. 
Our study did not see a sustained significant effect of 
DHT systems in reducing the claim rejection rate of 
claims submitted by some health facilities to the NHI 
authority, and this may be attributed to the rate decline 
in the efficient use of DHT, complex architecture of the 
different system, inadequate knowledge of how the sys-
tems operate and the potential illegal manipulation of 
the systems to financially benefit the service providers. 
Healthcare providers would need to implement inter-
ventions aimed at hospital claim officers and all clinical 
documentation staff throughout the care process in order 
to reduce claim deductions. In addition, documenta-
tion standards for the DHT claim processing ought to be 
developed and implemented in order to instruct all of the 
system’s active users regarding the advantages of lowering 
the cost of denied claims. Standard treatment guidelines 
for clinical processes should also be strictly followed to 
prevent age-treatment mismatch, inappropriate prescrib-
ing, overprescribing, no diagnosis, unclear diagnosis, and 
mismatch due to age. Specifically, Kimiaeimehr et  al. in 
their study emphasized that effective solutions for the 
implementation of guidelines include access to informa-
tion, motivation, attitude change, efficient management, 
the development of a systematic vision, the provision of 
appropriate feedback, and the development of standards 
for work processes [34].

This study widens the scope of Information Systems 
(IS) knowledge in the DHT by exploring the important 
role of electronic claims processing systems in resolving 
the challenges within the Ghanaian healthcare system. It 
is imperative the increasing cost of healthcare expendi-
ture in Ghana cannot be sustained, a problem that has 
been worsened by uncompensated claims. Issues such 
as the nature of healthcare business, stakeholder incen-
tives misalignment, and the strict administrative pro-
cesses as a result of bureaucracy. The authors conclude 
that electronic claims have the potential to address this 
thorny issue in the healthcare industry. We add to the 
broader body of knowledge by proving that automating 

healthcare delivery processes can impact accuracy and 
compliance in health insurance claim processing.

This study would also offer healthcare providers and 
policymakers a thoughtful implication that can be used 
to mitigate errors in claims processing, thereby reduc-
ing the number of errors in health insurance claims 
leading to denied claims. This will increase the reserves 
and improve the financial viability of healthcare provid-
ers and medical schemes as well. These savings will ulti-
mately result in a better quality of healthcare by investing 
in healthcare provisions.

Strengths and limitations
This is among the few studies that have comprehensively 
assessed the impact of DHT on insurance claim rejection. 
There are some limitations to this study. Several factors 
may contribute to the reduction in claim rejection rate 
but lack of data could not allow the study to account for 
their contribution. Though the study accounted for bias 
through the use of multiple random effects to control for 
unobserved heterogeneity, there may be some underly-
ing confounders that are characterized by both elec-
tronic claims systems and paper-based systems regarding 
denied health insurance claims.

This study did not examine disaggregated data on 
claims adjustments for respective services such as out-
patient and inpatient claims submitted by care providers 
to NHIS. However, the analysis of total adjustments due 
to errors for each month with respect to each healthcare 
provider in the study gives an overview of the costs of a 
claim denied to the care providers for the two systems 
(paper-based and electronic systems). Another limitation 
is that the results of the various DHT systems were put 
together and treated as one since the different systems 
may have their challenges.

This study also did not examine the burden of the cost 
of claim errors on insurance schemes. Future studies can 
however explore the cost of claim errors on third party 
payers (health insurance schemes).

Conclusion
This study assessed the role of the DHT systems in 
reducing denied claims due to errors that correlate 
with significant cost burden to healthcare providers 
in the Ghanaian healthcare systems. We conclude that 
the use of DHT systems used by healthcare provid-
ers has a significant effect in reducing the likelihood 
of errors associated with rejected claims compared 
to the paper-based claims system. The use of large-
scale longitudinal data from both the manual claims 
and electronic claims systems over time confirms that 
the adoption of the DHT claims system by healthcare 
providers reduces the tendency of a health insurance 
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claim to be denied by the insurers even though the 
impact was not felt in all the health facilities. Scaling 
up the DHT systems in all facilities across the country 
would the reduced cost of denied claims to healthcare 
providers. These savings can be reinvested to expand 
healthcare services to the populace especially, those 
in rural areas to improve the quality of care. A robust 
system coupled with training and hiring the right per-
sonnel for claims processing and management would 
improve service provision.
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