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Abstract 

Background Currently, there is a lack of clear guidance on hemoglobin (Hb) data quality parameters and plausible 
flagging ranges for population-representative surveys. There is a need to determine which properties of Hb data 
indicate lower data quality and increased measurement error and which represent intrinsic statistical properties of Hb 
distributions rather than quality problems.

Methods We explored statistical characteristics of Hb distributions and plausible exclusion ranges in population-
representative surveys of non-pregnant women of reproductive age (WRA) (15–49 years, n = 401 surveys) and children 
(6–59 months, n = 461 surveys) conducted in refugee settings by the United Nations High Commissioner for Refugees 
(UNHCR). Hb distribution characteristics [standard deviation (SD), skewness and kurtosis] were compared to those 
from Demographic and Health Surveys (DHS).

Results Overall, 0.08% of child and 0.14% of WRA Hb values were outside of the previously proposed 4.0–18.0 g/dL 
plausible range. Surveys conducted in Uganda tended to have unusually high SD compared with surveys from other 
settings, possibly an indication of problematic measurement quality. We therefore used summary results on SD, skew-
ness and kurtosis excluding surveys from Uganda when comparing with DHS results or proposing plausible ranges. 
Both WRA and child Hb distributions tended to be left-skewed and had excess positive kurtosis. Mean survey-level 
SD was greater, mean skewness more negative, and mean kurtosis more positive in WRA surveys compared to child 
surveys. All these findings were broadly similar to those from DHS surveys. Mean SD in DHS surveys was higher 
than that in our data for both children (1.48 vs. 1.34) and WRA (1.58 vs. 1.43).
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Background
Anemia, as determined by hemoglobin (Hb) concentra-
tion, is a problem of significant public health concern. In 
2019, the global estimated prevalence of anemia was 30% 
among women of reproductive age (15–49 years, WRA) 
and 40% among children aged 6–59 months, with similar 
estimates found among displaced women and children [1, 
2]. Progress toward international reduction targets has 
stagnated, and the World Health Organization (WHO) 
has called for a better understanding of the burden 
through more reliable assessments of Hb concentra-
tion [1, 3]. In field settings, portable photometric point-
of-care analyzers (e.g., HemoCue devices) represent the 
current standard of care for hemoglobin determination 
[4, 5]. However, these devices are subject to numerous 
preanalytic and analytic factors that introduce bias and 
imprecision [4, 6–8].

In order to assess the anemia burden, there is a need 
for valid and robust Hb estimates from population-repre-
sentative surveys. To date, limited research has explored 
Hb distributions in nationally representative population-
based surveys [9, 10], and there is a further dearth of 
research among displaced persons. Currently, no clear 
guidance exists for the quality control of Hb data in the 
postanalytic phase [4, 8, 11]. This is especially true for 
population-representative surveys, where two important 
metrics of measurement quality, the standard deviation 
(SD) of Hb distribution and the percentage of implau-
sible extreme Hb values (flags), lack definitive guidance 
on acceptable ranges. Indeed, commonly cited values for 
acceptable SDs of Hb distribution (1.1–1.5 g/dL range), 
as determined by the HemoCue system in cross sectional 
surveys, are based on the authors’ empirical experience 
(with no supporting data presented) [12]. Multiple ranges 
for minimum and maximum plausible Hb values for non-
pregnant women and children have been described and 
used in recent literature without further justification, for 
example, 2.0 g/dL to 30.0 g/dL [7], 2.5 g/dL to 20.0 g/dL 
[1], 4.0 to 18.0 g/dL [12], and 4.0 g/dL to 21.0 g/dL [13].

The consideration of these two metrics is important 
as measurement error can lead to increased dispersion 
(SD) of the distribution and, thus, the overestimation of 
the proportion of the population with anemia [9]. A 2017 

report exploring the quality of Hb data in Demographic 
and Health Surveys (herein referred to for brevity as the 
“DHS Report”) found important differences between Hb 
distributions in WRA and children. This report analyzed 
various parameters of Hb distributions in 80 DHS sur-
veys from multiple countries conducted between 2000 
and 2016. All 80 of these surveys had child Hb data and 
65 had WRA Hb data. The authors found that Hb SDs 
above 1.5 g/dL are quite common for both children (46% 
of surveys, excluding implausible values outside of the 4.0 
to 18.0 g/dL range) and WRA (71% of surveys, exclud-
ing implausible values in the same range) [9]. Important 
peculiarities in Hb distribution shape were also noted 
for both WRA and children: Hb distributions were left-
skewed and positively kurtotic. Both SD, left skew and 
positive kurtosis tended to be larger in WRA Hb distri-
butions than in child Hb distributions [9]. Following the 
exclusion of implausible values, the overall mean SDs for 
children and WRA across all analyzed surveys were 1.48 
g/dL and 1.58 g/dL, respectively—suggesting a potential 
need to revisit the commonly cited upper acceptable SD 
value of 1.5 g/dL [9, 12].

Given the lack of clear guidance on Hb data quality 
parameters and acceptable ranges, there remains a need 
to determine which properties of Hb data indicate lower 
data quality and increased measurement error and which 
represent intrinsic statistical properties of population 
Hb distributions and not necessarily quality problems 
[8–10]. This study aimed to explore statistical character-
istics of Hb distributions, plausible exclusion ranges, and 
the probability of observing extreme outliers using data 
from population-representative surveys of non-pregnant 
women aged 15–49 years and children aged 6–59 months 
in refugee settings. We also compared these distribution 
characteristics with those found in large national surveys 
as described in the DHS report [9].

Methods
Surveys were conducted in refugee and emergency set-
tings from 2013 to 2021 by the United Nations High 
Commissioner for Refugees (UNHCR) and its imple-
menting partners. Questionnaires, tools, and sampling 
methods were based on the UNHCR Standardized 

Conclusions We observed several statistical characteristics of Hb distributions that may not necessarily be indicative 
of data quality problems and bear strong similarities with the characteristics found in DHS surveys. Hb distributions 
tended to be negatively skewed and positively kurtotic, and SD in many surveys exceeded 1.5 (previously proposed 
upper plausible range). Based on our empirical evidence, surveys with skewness above + 0.2 and kurtosis below -0.5 
or Hb SD outside the range of 1.1–1.55 g/dL for children (6–59 mo) or 1.1–1.65 g/dL for non-pregnant WRA (15–49 y) 
may require further quality investigation.

Keywords Hemoglobin, Anemia, Assessment, Measurement, Surveillance, Surveys, Data quality, Nutrition



Page 3 of 12Bilukha et al. Population Health Metrics           (2023) 21:20  

Expanded Nutrition Survey (SENS) guidelines; survey 
designs consisted of two-stage cluster samples, system-
atic or simple random samples, or exhaustive samples 
[14, 15].

For surveys that included the anemia module, Hb 
measurements were taken using the HemoCue Hb 301 
Analyzer [5, 16]. Per the manufacturer’s specification, 
values outside of 0 to 25.6 g/dL were considered invalid 
for this analysis. Altitude-adjusted Hb values were used 
in the provided data, which followed guidelines provided 
by UNHCR SENS [5]. Anemia was classified as < 11.0 g/
dL for children aged 6 to 59 months and < 12.0 g/dL for 
non-pregnant women aged 15–49 years, as described by 
WHO guidelines [5, 11]. Surveys were included in the 
analysis if Hb measurements were taken and provided for 
children aged 6 to 59 months, non-pregnant women aged 
15 to 49 years, or both groups. We limited our analysis to 
surveys with at least 30% valid Hb values to include sur-
veys that may have conducted sub-sampling of respond-
ents for anemia analyses. According to SENS guidelines, 
either all or half of the households selected in the survey 
are used to conduct Hb measurements in eligible house-
hold members [5]. Within each survey, we excluded 
duplicated observations prior to analysis.

First, to broadly describe the dataset, we classified the 
included surveys by country and by year and described 
the total number of children and non-pregnant WRA, 
the number of surveys, and the number of unique sites in 
each of these groupings. One of the goals of the present 
analysis was to assess the frequency of extreme recorded 
Hb measurements. To this end, we calculated the number 
of extreme values for each survey and, across all surveys, 
the overall percentage of valid Hb observations below 
4.0, 5.0, and 6.0 g/dL and above 16.0, 17.0, and 18.0 g/dL. 
Another goal was to assess the shape of Hb distributions. 
Thus, for each survey, the mean, median, standard devia-
tion (SD), skewness, and kurtosis of Hb and anemia prev-
alence were estimated based on Hb values in the range 
of 4.0 to 18.0 g/dL, following the existing literature on 
ranges [12]. For each of these summary statistics, we then 
calculated the mean, SD, and various quantiles (mini-
mum, 2.5%, 10%, 25%, 50%, 75%, 90%, 97.5%, maximum). 
We then produced histograms of the distributions of SD, 
kurtosis, and skewness across surveys for both WRA and 
children. Among both WRA and children, we examined 
the relationship between Hb survey-level means and SDs 
with scatter plots and estimates of the Spearman corre-
lation coefficient. For all analyses including kurtosis, we 
presented excess kurtosis (subtracting 3 from kurtosis), 
which is centered at zero under a normal distribution.

To determine whether Hb has different distributional 
properties in WRA versus children, among the sur-
veys where both children and WRA with Hb data were 

measured, we summarized and compared the aver-
age SDs, skewness, and kurtosis of Hb measurements. 
Among these paired observations, we also plotted SDs, 
kurtosis, and skewness estimates for WRA and children 
to better understand their relationship within the same 
survey. Finally, we compared several key results from our 
analysis with those from the DHS Methodological Reports 
No.18 which analyzed Hb distributions in national-level 
DHS surveys [9].

Data aggregation and cleaning were done in SAS and R 
4.0.3 [17, 18]. Survey-level summary statistics were cal-
culated using R version 4.0.3; skewness and kurtosis were 
estimated using the G1 and G2 methods, respectively [19, 
20]. Plots and quantiles were performed in Stata ver-
sion 15 [21]. This study constituted a secondary analysis 
of routinely collected de-identified programmatic data, 
it was reviewed by the Centers for Disease Control and 
Prevention (CDC) and determined to be conducted con-
sistent with applicable federal law and CDC policy (45 
C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Section 241(d); 
5 U.S.C. Section 552a; 44 U.S.C. Section 3501 et seq.).

Results
Data for these analyses come from 483 surveys conducted 
by UNHCR in refugee and emergency settings from 
2013–2021. There were no surveys conducted in 2020 
due to the COVID-19 pandemic. In total, 461 surveys 
included valid Hb data for children aged 6–59 months, 
401 surveys included valid Hb data for non-pregnant 
WRA aged 15–49 years, and 379 surveys included data 
for both WRA and children (Table  1). Median sample 
size of child surveys was 400  (5th percentile: 175;  95th 
percentile: 649), median sample size of WRA surveys 
was 226  (5th percentile: 99;  95th percentile: 406). Overall, 
187,641 child and 93,731 WRA records were included 
in the analysis. Data were available from refugee set-
tings located in 26 countries across four UNICEF regions 
[22], with Ethiopia, Chad and Uganda having the largest 
number of surveys. Full information on the numbers of 
surveys, unique cites and sample sizes per country and 
region is presented in Table 1.

Table  2 describes the Hb outlier values for WRA and 
children across all surveys. Approximately 0.08% of all 
child and 0.14% of WRA records were outside of the 
4.0–18.0 g/dL range. Overall, only 2.2% of surveys in chil-
dren and 3.2% of surveys in WRA had more than 1% of 
outliers outside of the 4.0–18.0 g/dL range. On the other 
hand, 88.3% of child and 90.3% of WRA surveys had no 
Hb values outside of the 4.0–18.0 g/dL range.

Overall, the average survey-level mean Hb in WRA 
was much higher than in children (12.6 g/dL vs. 11.1 g/
dL) (Table 3). Consequently, the mean prevalence of total 
anemia was higher (43.5%) in child surveys than in WRA 
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surveys (30.2%). Mean survey-level SD was greater (1.47 
vs. 1.39), mean skewness was more negative (− 0.53 vs. 
− 0.37), and mean kurtosis was more positive (1.15 vs. 
0.54) in WRA surveys compared with child surveys. On 
further investigation, we noted that a large proportion 
of the surveys with very large (above the  90th percentile 
across all surveys) SD both in children and WRA were 
from Uganda: 36 out of 46 surveys in children and 20 out 
of 40 in WRA. We therefore repeated the analysis of SD 
in Table 3 excluding all Uganda surveys in children and 
WRA. In this analysis, the  90th percentile of SD across 
all remaining surveys in children decreased from 1.67 to 
1.53, and in WRA from 1.74 to 1.66. We also include in 
Table 3 skewness and kurtosis analysis excluding Uganda 
surveys, which did not meaningfully differ before and 
after exclusion.

Survey-level distributions of standard deviation, skew-
ness, and kurtosis are presented in Fig.  1, with sur-
veys from Uganda marked in red for visibility. For both 
children and WRA, there was a negative survey-level 
correlation between the mean and SD of Hb (Spear-
man’s rho = -0.33, p < 0.0001 and Spearman’s rho = -0.15, 
p = 0.003, respectively) (Fig.  2). After excluding Uganda 
surveys correlations for both children and WRA 
increased to -0.49 and -0.25, respectively. Among sur-
veys that measured Hb in both children and WRA, both 
mean SD, skewness, and kurtosis were significantly dif-
ferent (p < 0.0001) (Table  4). The difference followed 
the same direction as described for all surveys: WRA 
had higher SD, more positive kurtosis, and more nega-
tive skewness. Hb SD in WRA and children in the same 
surveys were highly correlated (Spearman’s rho = 0.52, 
p < 0.0001), while correlations of skewness and kurtosis 

between WRA and children were much smaller (Spear-
man’s rho = 0.15, p = 0.003, and Spearman’s rho = 0.19, 
p = 0.0002, respectively) (Fig.  3). These correlations did 
not change meaningfully after excluding Uganda surveys.

Table  5 presents the comparison of SD, skewness and 
kurtosis in our analysis (excluding Uganda surveys as 
described above) to those from the DHS report. In com-
parison with DHS surveys, UNHCR surveys had lower 
mean survey-level SD for both WRA (1.43 vs. 1.58) and 
children (1.34 vs. 1.48), as well as a lower percentage of 
surveys with SD > 1.5 for both WRA and children. Mean 
skew for children was similar between UNHCR and DHS 
surveys (− 0.38 vs. − 0.39) while it was slightly more neg-
ative among DHS surveys for WRA (− 0.61 vs. − 0.55). 
Mean kurtosis was similar between UNHCR and DHS 
surveys for both children (0.55 vs. 0.54) and WRA (1.22 
vs. 1.25).

Discussion
Our analysis, which was based on a large number of 
recent field surveys conducted in refugee settings world-
wide that followed the SENS survey guidelines and used 
standard equipment and procedures for Hb collection, 
produced several remarkable findings that have impor-
tant implications for formulating criteria for quality 
assessment of Hb survey data in the post-data collection 
phase. Below, we will discuss, in turn, the findings related 
to SD, skewness, kurtosis, and implausible outliers. We 
compare, where possible, our findings from small-scale 
refugee surveys to those from the large national DHS 
surveys (Table  5) [9] and formulate the potential impli-
cations of these findings for defining quality assessment 
criteria. We found that surveys conducted in refugee 

Table 2 Hemoglobin outlier values for non-pregnant women and children across all surveys, by exclusion cutoff

WRA  Women of reproductive age

Hemoglobin Outlier Cut-offs

< 4.0g/dL < 5.0 g/dL < 6.0 g/dL > 16.0 g/dL > 17.0 g/dL > 18.0 g/dL < 4.0g/dL 
or > 18g/dL

Child Records (n = 187,641)

 Percentage of all children in a given outlier range 0.04% 0.08% 0.22% 0.07% 0.04% 0.03% 0.08%

Child Surveys (n = 461)

 Percentage of surveys with no outliers 93.7% 83.7% 63.1% 84.2% 92.0% 94.1% 88.3%

 Percentage of surveys with 0–1% outliers 4.6% 14.1% 29.9% 14.5% 7.2% 5.4% 9.5%

 Percentage of surveys with > 1% outliers 1.7% 2.2% 6.9% 1.3% 0.9% 0.4% 2.2%

WRA Records (n = 93,731)

 Percentage of all WRA in a given outlier range 0.04% 0.07% 0.13% 1.36% 0.19% 0.09% 0.14%

WRA Surveys (n = 401)

 Percentage of surveys with no outliers 97.3% 92.0% 82.0% 44.1% 78.8% 91.3% 90.3%

 Percentage of surveys with 0–1% outliers 2.0% 7.0% 15.2% 26.2% 16.7% 6.7% 6.5%

 Percentage of surveys with > 1% outliers 0.8% 1.0% 2.7% 29.7% 4.5% 2.0% 3.2%
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settings in Uganda tended to have an unusually high SD 
compared with surveys from other settings, which may 
be an indication of problematic measurement quality. 
We, therefore, take a conservative approach in our inter-
pretation and use, in this discussion summary, results 
for SD, skewness, and kurtosis that exclude surveys from 
Uganda when comparing to DHS results or proposing 
plausible ranges. There is a multitude of possible prob-
lems leading to inaccurate Hb measurements that can 
arise in the field, such as excessive squeezing (“milking”) 
the finger, overfilling of the cuvette, using the first instead 
of the third drop of capillary blood, the presence of air 
bubbles in the cuvette, inappropriate cuvette storage, 
using of expired cuvettes, among many others described 
in more detail elsewhere [4, 23]. It is therefore of utmost 
importance to conduct proper training of measurers, 
implement thorough supervision of the field work, and 
closely follow all standard procedures and quality assur-
ance steps as described in the Module 3 “Anemia” of the 
SENS guidelines [5].

Regarding the SD of Hb distributions, we note two 
important findings. First, SD in WRA tends to be some-
what higher on average than SD in children, with a dif-
ference of about 0.08 g/dL. This is remarkably similar to 
what was found in DHS surveys [9] where SD in WRA 
was also higher on average by about the same value 
(0.1  g/dL) (Table  5). This leads us to hypothesize that 
these differences in SD magnitude between WRA and 
children are due to inherent properties of Hb distribu-
tions in these demographic groups rather than a result 
of differences in data quality. We also note that SD 
observed, on average, in DHS data were slightly higher 
(by about 0.14  g/dL) than those observed in our analy-
sis: 1.58 vs. 1.43 in WRA and 1.48 vs. 1.34 in children, 
respectively. Rather than attributing this difference to the 
differences in Hb data quality between DHS and UNHCR 
surveys, we hypothesize that this difference may be 
explained by the fact that smaller refugee populations are 
often homogenous ethnically and have very similar access 
to food, health services, shelter, water and sanitation, 

Table 3 Survey-level hemoglobin distribution parameters and prevalence of total anemia in children and women

Data exclude Hb values < 4.0 g/dL and > 18.0 g/dL. Hb Hemoglobin; P Percentile; SD Standard deviation; WRA  Women of reproductive age
a Values are in g/dL
b Data exclude surveys conducted in Uganda (n = 56 child surveys and n = 39 WRA surveys)

Mean  Hba Median  Hba % Total Anemia SDa SD 
excluding 
 Ugandab

Skewness Skewness 
excluding 
 Ugandab

Kurtosis Kurtosis 
excluding 
 Ugandab

Child surveys (n = 461)

Mean 11.1 11.2 43.5 1.39 1.34 − 0.37 − 0.38 0.54 0.55

SD 0.50 0.49 13.6 0.21 0.15 0.26 0.23 0.67 0.66

Maximum 12.5 12.5 81.7 2.37 1.84 1.25 0.78 5.03 5.03

P97.5 12.1 12.1 72.1 1.93 1.67 0.10 0.05 2.18 2.17

P90 11.7 11.8 61.3 1.67 1.53 − 0.09 − 0.09 1.37 1.37

P75 11.4 11.5 52.4 1.48 1.44 − 0.24 − 0.24 0.84 0.82

P50 11.1 11.2 42.9 1.34 1.32 − 0.38 − 0.38 0.42 0.44

P25 10.8 10.9 33.3 1.25 1.23 − 0.51 − 0.51 0.10 0.10

P10 10.4 10.5 26.6 1.18 1.17 − 0.67 − 0.67 − 0.14 − 0.10

P2.5 10.1 10.1 18.6 1.09 1.09 − 0.81 − 0.83 − 0.34 − 0.27

Minimum 9.6 9.7 12.2 1.01 1.01 − 1.32 − 1.32 − 1.05 − 0.51

WRA Surveys (n = 401)

Mean 12.6 12.7 30.2 1.47 1.43 − 0.53 − 0.55 1.15 1.22

SD 0.57 0.56 13.2 0.23 0.18 0.36 0.36 1.17 1.18

Maximum 13.9 13.9 74.5 2.56 2.01 0.77 0.77 8.40 8.40

P97.5 13.7 13.8 58.0 2.11 1.79 0.18 0.17 3.87 4.05

P90 13.4 13.5 47.6 1.74 1.66 − 0.08 − 0.09 2.83 2.87

P75 13.0 13.0 38.4 1.57 1.54 − 0.28 − 0.32 1.62 1.68

P50 12.6 12.7 29.2 1.44 1.42 − 0.53 − 0.55 0.89 0.93

P25 12.2 12.3 20.9 1.31 1.29 − 0.76 − 0.78 0.38 0.43

P10 11.9 12.0 13.2 1.20 1.20 − 0.98 − 0.99 − 0.04 0.06

P2.5 11.6 11.6 7.5 1.13 1.12 − 1.32 − 1.37 − 0.38 − 0.24

Minimum 10.6 10.45 2.8 1.00 1.00 − 1.87 − 1.87 − 0.81 − 0.81
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among other factors, and may have slightly lower Hb var-
iability than the Hb variability found in larger, nationally 
representative populations.

The second important finding for SD is that even after 
excluding surveys from Uganda, a substantial percent-
age of both WRA (33%) and child (13%) surveys had 
SDs exceeding 1.5 g/dL, the upper limit of the plausible 
1.1–1.5  g/dL SD range previously proposed by Sullivan 

et al. [12]. The same phenomenon albeit to a much larger 
degree is also seen in DHS surveys where SD of Hb dis-
tribution exceeded 1.5  g/dL in 71% of surveys among 
WRA and 46% of surveys among children [9]. This simi-
larity leads us to suggest that the upper plausible range 
of SD can be raised both for children and for WRA, 
and more so for WRA since, as described above, WRA 
tend to have, on average, higher SD than children. We 

Fig. 1 Survey-level distributions of standard deviation, skewness, and kurtosis among 461 child surveys and 401 WRA surveys. Distributions 
of survey-level standard deviation, skewness, and kurtosis among a children (6–59 mo) and b non-pregnant WRA (15–49 y) using a Hb exclusion 
range of 4.0–18.0 g/dL. Red bars indicate the distribution of SD, skewness, and kurtosis for surveys conducted in Uganda (n = 56 child surveys 
and n = 39 WRA surveys). Hb Hemoglobin; SD standard deviation; WRA  Women of reproductive age

Fig. 2 Correlation between survey-level hemoglobin means and standard deviations in 461 child surveys and 401 women surveys. Correlation 
of a child (6–59 mo) survey-level Hb SD and Hb means and b non-pregnant WRA (15–49 y) survey-level Hb SD and Hb means using a Hb exclusion 
range of 4.0–18.0 g/dL. Red circles represent data from surveys conducted in Uganda (n = 56 child surveys and n = 39 WRA surveys). Spearman’s rho 
was calculated both including and excluding Uganda data. Hb Hemoglobin; SD Standard deviation; WRA  Women of reproductive age
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can provisionally suggest the values that approximately 
correspond to the  90th percentile of SD in our empiri-
cally observed distributions excluding Uganda surveys 
(rounded to the nearest 0.05): 1.55 for children and 1.65 
for WRA. Interestingly, the analysis of DHS surveys 
found a large negative correlation (Pearson’s r = -0.68) 
between the mean and SD of Hb in child data, implying 
that in populations with higher anemia prevalence, the 
SD of Hb distributions tends to be markedly larger [9]. 
We found a similarly high negative correlation between 
Hb mean and SD in children (excluding Uganda surveys): 
Spearman’s rho = -0.49 (Pearson’s r = -0.43). Unfortu-
nately, the DHS report only reported the mean SD cor-
relation in children and not in WRA [9]. One possible 
explanation of this phenomenon is that settings with 
lower resources may be more likely to have both higher 
anemia (thus lower mean Hb) and lower capacity to pro-
duce accurate Hb measurements (thus higher SD of Hb).

For skewness, we note two important phenomena. 
First, both WRA and child Hb distributions tend to 

Table 4 Comparison of survey-level standard deviations, skewness, and kurtosis of hemoglobin distributions in the 379 overlapping 
surveys

Data exclude Hb values < 4.0 g/dL and > 18.0 g/dL. CI Confidence interval; Hb Hemoglobin; SD Standard deviation; WRA  Women of reproductive age
a Calculations exclude data from n = 38 overlapping surveys conducted in Uganda
* P < 0.0001

Mean SD 
Children 
(SD)

Mean SD 
WRA (SD)

Difference 
(95% CI)

Mean Skew 
Children 
(SD)

Mean Skew 
WRA (SD)

Difference 
(95% CI)

Mean 
Kurtosis 
Children 
(SD)

Mean 
Kurtosis 
WRA (SD)

Difference 
(95% CI)

Including 
Uganda 
surveys

1.39 (0.20) 1.47 (0.23) − 0.07 (− 0.09, 
− 0.05)*

− 0.37 (0.23) − 0.52 (0.37) 0.15 (0.11, 
0.19)*

0.53 (0.66) 1.16 (1.17) − 0.63 (− 0.76, 
− 0.50)*

Excluding 
Uganda 
 surveysa

1.35 (0.14) 1.43 (0.18) − 0.08 (− 0.09, 
− 0.06)*

− 0.38 (0.23) − 0.55 (0.37) 0.17 (0.12, 
0.21)*

0.55 (0.66) 1.22 (1.18) − 0.68 (− 0.82, 
− 0.54)*

Fig. 3 Correlation of survey-level standard deviations, skew, and kurtosis in the 379 overlapping surveys. Legend: Correlation of a children and WRA 
survey-level SDs, b children and WRA survey-level skewness, and c children and WRA survey-level kurtosis using a Hb exclusion range of 4.0–18.0 g/
dL. Red circles represent data from surveys conducted in Uganda (n = 38 overlapping surveys). Spearman’s rho was calculated both including and 
excluding Uganda data. Hb Hemoglobin; SD Standard deviation; WRA  Women of reproductive age

Table 5 Comparison of survey-level standard deviations, 
skewness, and kurtosis of hemoglobin distributions between 
UNHCR and DHS Surveys

Data exclude Hb values < 4.0 g/dL and > 18.0 g/dL. DHS Demographic and Health 
Surveys; Hb Hemoglobin; SD Standard deviation; UNHCR United Nations High 
Commissioner for Refugees; WRA  Women of reproductive age
a Data exclude surveys conducted in Uganda (n = 56 child surveys and n = 39 
WRA surveys)
b Data were obtained from DHS Methodological Reports No. 18 [9]

Child Surveys WRA Surveys

UNHCRa

n = 405
DHSb

n = 80
UNHCRa

n = 362
DHSb

n = 65

Mean SD 1.34 1.48 1.43 1.58

% of surveys with SD < 1.1 4.0% 0.0% 1.9% 0.0%

% of surveys SD > 1.5 13.1% 46.3% 32.9% 70.8%

Mean Skew -0.38 -0.39 -0.55 -0.61

% of surveys with skew < -0.5 27.4% 20.0% 55.8% 75.4%

% of surveys with skew > 0.5 0.2% 0.0% 0.3% 0.0%

Mean Kurtosis 0.55 0.54 1.22 1.25

% surveys with excess kurtosis > 1 18.5% 6.3% 47.0% 61.5%
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be negatively skewed, and second, WRA distributions 
tend to be more skewed to the left, on average, than 
child distributions (mean skewness across all surveys 
-0.55 and -0.38, respectively). Positive skewness was 
quite unusual—less than 2% of all child or WRA sur-
veys had skewness above + 0.2. Remarkably, DHS sur-
veys showed the same phenomenon (Table  5)—most 
of the child and WRA Hb distributions were skewed 
to the left and WRA distributions were on average 
more skewed than those in children (− 0.61 vs. − 0.39, 
respectively).

Regarding kurtosis, we also note two important phe-
nomena. First, both WRA and child Hb distribution 
across all surveys tend to have positive kurtosis (indica-
tive of relatively large tails and a small body of the distri-
bution), and second, WRA distributions tend to be more 
positively kurtotic than child distributions (mean kurto-
sis across all surveys 1.22 vs. 0.55, respectively). Negative 
kurtosis was minimal—less than 1% of all child or WRA 
surveys had kurtosis below -0.5. DHS surveys demon-
strated the same phenomenon (Table  5)—most of the 
child and WRA Hb distributions were positive and WRA 
distributions were, on average, more positively kurtotic 
than the child ones: 1.25 vs. 0.54 [9]. Such notable con-
sistency in skewness and kurtosis tendencies, in both 
small-scale refugee SENS surveys and large national DHS 
surveys, leads us to suggest that these distinctive features 
of distribution shape are inherent characteristics of child 
and WRA Hb distributions and not artifacts of low data 
quality. This consistency also leads to a suggestion for 
data quality checks based on our empirical evidence: sur-
veys with highly unusual shapes of distributions (defined 
as skewness above + 0.2 and/or kurtosis below -0.5) may 
be flagged for further investigation of possible quality 
problems.

In surveys with available Hb data for both WRA and 
children, excluding Uganda, SD of Hb were highly corre-
lated (Spearman’s rho = 0.43), suggesting that in surveys 
with lower quality (more dispersion) of child Hb data 
WRA data also tends to have a lower quality as indicated 
by larger dispersion. The correlations of skewness and 
kurtosis were low, indicating no relationship between the 
degree of skew or kurtosis in Hb distributions of WRA 
and children in the same population.

Finally, our data largely agrees with the previously 
proposed 4.0–18.0  g/dL flagging range for plausible Hb 
values used in several recent publications, including the 
DHS report [9, 10, 12]. In our data, only 0.08% of all 
observations in children and 0.14% of all observations in 
WRA were outside of this range. Given that only 2.2% of 
all surveys in children and 3.2% of surveys in WRA had 
more than 1% of flags defined by this exclusion range, 
defining > 1% of flags as a quality problem seems logical.

A major strength of this study is the large number of 
surveys conducted using standard sampling approaches 
and consistent standard equipment and procedures for 
data collection. Our data encompasses the period of the 
last 10 years and, thus, reflects the most recent field prac-
tices from a variety of refugee settings in 26 countries. 
This study, however, has several notable limitations. First 
and foremost, Hb in SENS surveys is measured via drops 
of capillary blood using HemoCue 301 devices, which 
remains a standard practice in field surveys across world 
regions and survey platforms [5]. Therefore, our findings 
and suggested quality assessment ranges are not gener-
alizable to Hb data measured by methods other than 
HemoCue 301 photometry, and even to data measured 
by HemoCue 301 using venous as opposed to capillary 
blood. For instance, one recent study showed marked dif-
ferences in mean, SD, skewness and kurtosis of Hb distri-
butions in data measured by HemoCue in venous versus 
capillary blood in both children and WRA [10]. Second, 
the surveys we analyzed were conducted predominantly 
in populations with high levels of anemia, including 
more surveys with lower anemia prevalence may produce 
slightly different results. The distribution of the preva-
lence of anemia in analyzed surveys in Table 3 shows that 
over 50% of all surveys in children and close to 25% of 
all surveys in WRA had prevalence of anemia above 40%. 
At the same time, in Fig. 2 we demonstrate that there is 
a substantial negative correlation between Hb mean and 
SD, especially pronounced in child surveys. Therefore, 
surveys with low anemia (and therefore higher Hb mean) 
tend to have lower SD than those with high anemia and 
low Hb mean. Hence, including more surveys with lower 
anemia prevalence that would potentially have lower SD 
could lower overall mean, median and percentile esti-
mates of Hb SD across surveys. Lastly, the current analy-
sis did not include children aged 0–6 months, as this age 
group is not routinely included in small-scale anthropo-
metric surveys collected in refugee and other humanitar-
ian settings.

Conclusions
Experts have called for the establishment of postana-
lytical quality controls for Hb determination—with a 
specific emphasis on cleaning, adjusting, and analyz-
ing Hb results [1, 3, 5]. From our analyses of population 
Hb distributions in non-pregnant WRA and children in 
refugee settings, we observed several intrinsic statisti-
cal characteristics that were not necessarily indicative 
of data quality problems and bear remarkable simi-
larities with the characteristics found in large national 
DHS surveys. We found that Hb distributions tend to 
be negatively skewed and positively kurtotic and that 
distributions in WRA tend to have more left skew and 
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positive kurtosis than child Hb distributions. Moreover, 
WRA Hb SDs tend to be larger than child Hb SDs, and a 
considerable proportion of surveys in both groups had 
SD that exceeded the commonly cited upper acceptable 
SD value of 1.5 g/dL [12].

Based on our empirical data and on that described in 
the DHS report [9], we suggest that survey Hb distribu-
tions (as determined by the HemoCue 301 system with 
a single drop of capillary blood) displaying any of the 
following characteristics be flagged for additional qual-
ity investigation: skewness above + 0.2 and/or kurtosis 
below -0.5, Hb. SD in children aged 6–59 months below 
1.1 or above 1.55  g/dL, and Hb SD in non-pregnant 
women aged 15–49  years below 1.1 and above 1.65  g/
dL. The commonly cited minimum and maximum plau-
sible Hb values, 4.0 to 18.0 g/dL, appear to be appropri-
ate [12]. The presence of more than 1% implausible Hb 
values outside of this range in a given survey may indi-
cate a quality problem. Further investigation is required 
to determine the reproducibility of our results when 
Hb is measured using other methods or in blood other 
than capillary.
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